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Affective Learning in General Education

Susan Gano-Phillips *
University of Michigan — Flint

While working as a Fulbright Scholar at the City University of Hong
Kong and as a consultant to the Hong Kong General Education Initiative
during the 2008—-2009 academic year, | made several presentations related
to affective learning, a topic familiar to me because of my training as a
psychologist (Gano-Phillips, 2009; Gano-Phillips & Friedman, 2009). This
manuscript expands upon those presentations in the hope that faculty will
become increasingly familiar with the purposes and value of affective learning
in higher education. As used throughout this paper, affective learning refers to
learning that relates to students’ interests, attitudes, and motivations. It is my
hope that this paper will demonstrate the utility of affective learning in course
and program design and will stimulate the application by faculty members of
affective learning principles in developing new General Education courses
and programs.

The historical roots of affective learning can be traced back over 60 years.
It was at the 1948 conference of the American Psychological Association that

a call was made to develop educational taxonomies or classification schemes

*  Acting Assistant Dean, College of Arts and Sciences, University of Michigan — Flint.
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of the learning domains (Bloom, Engelhart, Furst, Hill, & Krathwohl, 1956).
These classification systems were intended to function as communication
tools and standardized structures by which educators could better establish
curricula and initiate research on learning (Menix, 1996). The first, and
most influential, of these taxonomies covered the cognitive domain and
was introduced in 1956. Over the intervening years, Bloom’s Taxonomy for
the Cognitive Domain (Bloom et al., 1956) has been the subject of much
research. To this day, it continues to influence curricular development and
assessment practices worldwide. Additional taxonomies were developed
in the psychomotor and affective domains of learning in subsequent years,
but their international acceptance and utilization have been more subdued.
Comparatively few professors are aware of or focus upon the affective
domain of learning, the affective learning taxonomy (Krathwohl, Bloom, &
Masia, 1964), or how it can be used to guide curricular development.
Practically speaking, however, one need not look very far in the higher
education arena before encountering conversations, course syllabi, or
program goals and outcomes that have a decidedly affective tone to them.
Faculty, for example, often speak of their desire for students to be more
open-minded, to be willing to collaborate with one another on projects, to
demonstrate an appreciation for a discipline or approach (e.g., the scientific
method), or 7o show a greater interest in the coursework they are teaching.
Likewise, program goals often reference affective dimensions of functioning
when they include such statements as, students will display a commitment
to ethical standards of practice, students will show concern for the welfare
of others, or students will value life-long learning. Arguably, each of these

statements contains some affective component. Miller (2005) noted that even
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when they are not stated explicitly, affective learning outcomes are pervasive

in education.

Defining Affective Learning

In its simplest form, affective learning characterizes the emotional area
of learning reflected by the beliefs, values, interests, and behaviors of learners
(Krathwohl et al., 1964; Smith & Ragan, 1999; Gronlund & Brookhart,
2009). Affective learning is concerned with how learners feel while they are
learning, as well as with how learning experiences are internalized so they
can guide the learner’s attitudes, opinions, and behavior in the future (Miller,

2005).

Charagterization by

-

Organization

Figure 1. Affective Learning Taxonomy'

Increasing Sophistication of Learning

1 From “The basis for affective-domain classification,” by D. R. Krathwohl, B. S. Bloom and
B. B. Masia, 1964, Taxonomy of educational objectives: The classification of educational
goals. Handbook II: Affective domain, pp. 36-38.
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Krathwohl et al.’s taxonomy (1964) says that affective educational
outcomes can be arranged in a hierarchy, according to complexity (see
Figure 1).The hierarchy begins with an ability to listen to ideas. Next, is
responding in interactions with others and demonstrating values or attitudes
appropriate to a particular situation. The highest levels involve displaying
a commitment to principled practice on a day-to-day basis, as well as a
willingness to revise one’s judgments and change one’s behavior in light of
new evidence (Shephard, 2008).

The first level of the affective taxonomy has been labeled “receiving” and
refers to a learner’s readiness to focus his or her attention on a particular issue.
In order to advance in the taxonomy, a learner must be aware of or attend to
something in the environment. A failure to receive information precludes the
ability to move further up the affective hierarchy. Some examples that reflect
this most basic level of affective learning include attending class and listening
to lectures on various topics. When “receiving,” learners are discovering
new concepts from their environment and are showing a willingness to learn
about them.

The second level, “responding,” refers to showing a small commitment
to an idea by reacting to or actively responding to the information that has
been “received.” Learning outcomes at this level may emphasize responses of
acquiescence/compliance (reads assigned materials), willingness (engages in
voluntary activities), or even satisfaction in responding (shows an “interest”).
At this level of affective learning, students participate in learning experiences
and selectively attend to course material, as compared to alternate ideas that
might capture their attention or interest. Students demonstrate “responding”

when they comply with the instructor’s request to participate in class, when
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they ask questions to the instructor, and when they complete assignments
or homework.

At the third level, “valuing,” affective learning occurs when a learner
shows definitive involvement in or a commitment to a particular object,
phenomenon, or behavior. Valuing is based on the internalization of a set
of specific values or attitudes, where clues to these values are expressed in
the learner’s stable overt behavior. Students demonstrate “valuing” when
they consistently prioritize time effectively to meet academic obligations
and when they, for example, practice the safe handling of equipment and
materials in a laboratory science course throughout a semester (Gronlund &
Brookhart, 2009).

The fourth level of the taxonomy, “organization,” reflects the integration
of a new value into one’s general set of values. Gronlund (1991) recognized
the increasing complexity of this form of learning when he noted, “As
affective outcomes move from simple to complex, they become increasingly
internalized and integrated with other behaviors . . . to form complex value
systems and behavior patterns” (p. 52). In “organizing” values, learners
must resolve conflicts between various values and begin to rank various
values according to their priorities. Examples of learning outcomes at the
“organization” level include the acceptance of professional ethical standards
and the formulation of a life plan that balances work and personal values.

The fifth and highest level in the affective taxonomy is referred to
as “characterization by a value or value set” and occurs when a learner’s
behavior is “pervasive, consistent, and predictable,” as if it has been adopted
as a lifestyle (Gronlund, 1991, p. 34). One example of a learning outcome

at this level would be a student who shows self-reliance when working
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independently, regardless of the project or task assigned. The student has
reached a consistent conclusion regarding his or her ability to independently
solve problems. A second example that distinguishes the fourth and fifth
levels of the taxonomy relates quite well to professional ethical standards.
At the fourth level, learners accept professional standards while at the fifth
level this acceptance leads the student to display a professional commitment
to ethical practice on a day-to-day basis. A more complete description of the

taxonomy as well as instructional examples can be found in Appendix I.

Critiques of the Affective Learning Construct

Given the existence of the affective learning taxonomy, one wonders
why the affective domain has not been recognized or utilized to guide
curriculum development to the same degree as the cognitive taxonomy.
There are numerous factors that contribute to higher education’s collective
aversion to the affective domain (Pierre & Oughton, 2007). Some faculty
have questioned the necessity of specifying affective learning outcomes
altogether. They argue that affective learning is a by-product of cognitive
learning and, therefore, affective learning outcomes do not need to be
independently specified, taught, or assessed. On the surface, this assertion
may seem reasonable, but much is gained when cognitive and affective
domains are considered independently of one another. There are, in fact,
close parallels between Bloom’s taxonomy for the cognitive domain and
Krathwohl’s taxonomy for the affective domain (Smith & Ragan, 1999). It is,
of course, possible that participation in the higher levels of Bloom’s cognitive

taxonomy (e.g., analysis, synthesis, evaluation) may imply a certain level of
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affective involvement. However, in addition to cognitive goals, there may
be good reason to consider affective learning in its own right. Consider, for
a moment, the independent contributions of the domains of learning in the
following example: delivering a motivational speech. It is the interaction of
cognitive learning outcomes (e.g., knowledge of organizational strategies
within a speech, application of strategies for persuading others), affective
learning outcomes (valuing the activity and demonstrating its value through
perseverance with the task of speech writing and delivery), and psychomotor
learning outcomes (e.g., modulation of voice, use of nonverbal gestures)
that determine the overall effectiveness of the speech. Failing to consider
any one of the domains of learning would not allow a student to deliver the
speech with the same effectiveness. Individuals may have the capacity for
effective action (e.g., knowledge of how to give the speech) while lacking the
motivation to act. Cognitive and affective learning, while complementary,
are not completely overlapping domains, as cognitive outcomes focus upon
what students learn while affective outcomes focus upon what students learn
to value (Shephard, 2008).

Further challenges to working with affective learning arise from
difficulties in precisely stating desired affective learning outcomes because
they involve opinions, beliefs, and attitudes (Bloom et al., 1956; Smith &
Ragan, 1999). The absence of clearly stated affective learning outcomes makes
the assessment of those outcomes more challenging. Attitudes and values,
as internal states, cannot be assessed in the same ways as physical/overt
behaviors such as a person’s skill at playing the piano or titrating chemicals,

nor can they necessarily be assessed in the same ways as cognitive outcomes
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(e.g., through examinations). Affective learning outcomes can, nevertheless,
still be assessed in a variety of ways. In fact, social psychologists have
worked to define and measure attitudes and values for well over 50 years
(Miller, 2005).

Finally, and perhaps most pervasively, affective learning has suffered
from benign neglect, wherein faculty have failed to identify and describe
their legitimate aims for students’ affective learning (Colby & Sullivan,
2009; Pierre & Oughton, 2007; Shephard, 2008). The affective domain is
“messy and unpredictable” relative to the cognitively oriented classroom,
leading to the avoidance of uncertainty. This failure to attend to affective
learning outcomes may also result from fear associated with these learning
outcomes. Shephard (2008), for example, argued that some individuals avoid
specifying student affective learning outcomes because they are afraid of
being accused of indoctrination or brainwashing. Regardless of the cause,
affective learning has been ignored by large segments of the professoriate.
The critical importance of affective learning in “whole-person development”
can no longer be ignored in 21% century higher education.

Rather than abandoning affective learning outcomes in favor of strictly
cognitive ones, we must recognize the interdependence of learning that is
occurring and make efforts to assess each type of outcome. Current and
future university students are expected not only to attain certain factual
knowledge and problem-solving skills, but are increasingly expected by
employers and by society more generally, to develop dispositions and
personal characteristics that will help them succeed in our rapidly changing

world. The challenge becomes not whether affective learning outcomes can



Susan Gano-Phillips, Affective Learning in General Education

be specified independently of cognitive learning goals, but rather, under
what circumstances might faculty and universities want to highlight affective
learning outcomes and make an effort to specify intended affective learning
outcomes, plan activities to support that learning, and explicitly assess

affective learning (Gronlund & Brookhart, 2009).

The Current Context for Affective Learning in Hong Kong

As we turn our attention to the use of affective learning in higher
education, it is important to consider the unique context of Hong Kong’s higher
education sector. There are two major educational reforms underway in Hong
Kong that have a bearing on our consideration of affective learning. The first
of these reforms relates to outcomes-based approaches (OBA) to teaching and
learning, a phenomenon that has swept through higher education worldwide
over the past several decades. This reform suggests the need to move from
teacher-centric teaching practices to learner-centered practices that focus on
explicitly stated and assessable goals for all students’ learning. In an effort to
provide leadership, in 2007 the University Grants Committee (an appointed
committee of the HKSAR Government) established an Outcomes-Based
Assessment Task Force (OBATF) to “render assistance to and encourage
teaching staff to adopt outcome-based approaches” (University Grants
Committees, 2008). Throughout the higher education sector in Hong Kong,
outcomes-based approaches are in varying stages of implementation, with
minor variations in terminology at each affiliated institution. At the core of

the student-centered OBA, however, is a common philosophy that alignment
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is necessary between intended student learning outcomes, teaching and
learning methods, and assessment strategies, in order to promote achievement

and demonstrable student learning (see Figure 2 below).

ILOs

Intended Learning Outcomes
(What the students are expected to learn)

TLAs ATs

Teaching and Learning Assessment Tasks
Activities (How well the students
(How students are engaged have met the ILOs)

in activities to achieve the ILOs)

Figure 2. Key Relationships in Outcomes Based Approaches

to Teaching and Learning

At the course level, intended learning outcomes (ILOs) must be clearly
specified from students’ perspectives and must be assessable. By stating what
we expect students to know or be able to do upon completion of a course, we
create an environment in which teaching and learning strategies can support
students’ achievement of those outcomes, and learning can be assessed in
authentic ways (Friedman, 2009). Teaching and learning activities (TLAs)
are simply activities that stimulate, encourage, or facilitate the learning of
one or more of the ILOs. TLAs can include, but are not limited to, readings,
lectures, role plays, internships, discussions, case studies, assignments or
homework, field trips, service learning, or individual or group projects. ATs

must relate directly to the stated ILOs to provide evidence that a particular
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learning outcome has been achieved. ATs can be quite varied as well. They
may include, but are not limited to, multiple choice examinations, essay
examinations, journals, papers, assignments, participation, or even behavioral
performances (e.g., giving a persuasive speech). The alignment of these three
components of teaching and learning allow students to make the most of
their university experiences and to demonstrate high achievement. Thus, it
is in light of an OBA approach to teaching and learning that considerations
of affective learning must be framed. We must consider what constitute
appropriate affective intended learning outcomes, what teaching and learning
methods allow students to achieve those affective ILOs, as well as how to
assess students’ achievement of affective learning outcomes.

The second major educational reform in Hong Kong that has implications
for affective learning is the 3 + 3 + 4 reform. This far-reaching reform of the
K-16 system is designed to offer opportunities to more students to pursue
additional education and to better prepare students to work in our globally
interconnected, knowledge-based economy. Practically speaking, this reform
involves moving from a three-year baccalaureate degree following seven
years of secondary education (3—4-3), to a four-year baccalaureate degree
following six years of secondary education (3—3—4). The University Grants
Committee has specified that, “[t]he four-year undergraduate programme
should be coherent, and the additional year should not be a simple add-on
to the current three-year undergraduate programme”(Legislative Council
of Hong Kong, 2005). Thus, this reform calls for a complete overhaul of
undergraduate education. With credits available through this additional year
of university study, students will be exposed to “general education,” under

the belief that a broad knowledge base will provide a foundation for life-long
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learning. General education can be thought of as “that part of a curriculum that
is shared by all students, provides broad exposure to multiple disciplines, and
forms the basis for developing important intellectual and civic capabilities”
(Association of American Colleges and Universities, 2009a).

The planning for this major change in the curriculum has been underway
for years and is scheduled for full implementation at the university level in
2012—-2013. General education, a key component of the forthcoming four-
year university curriculum, is a new concept for many faculty in Hong Kong,
who themselves experienced undergraduate education primarily in Hong
Kong, China, or Great Britain, where there is no longstanding tradition of
General Education Programs (GEPs). While some Hong Kong universities
have had or currently have GEPs (e.g., the Chinese University of Hong Kong,
Lingnan University), others have traditionally addressed the need of students
for diverse learning experiences beyond their major programs of study in
less extensive ways, such as with out-of-discipline course requirements,
complementary studies, or college/school breadth requirements.

The irony that Hong Kong faculty have been mandated to add an
“essential” component (General Education) to their curricula, a component
that they themselves have often not experienced, is not lost. In fact, extensive
efforts at faculty professional development at the institutional level as
well as at the Hong Kong system level [Heads of University Committee
(HUCOM) Symposia] have targeted this dearth of information and lack of
experience surrounding GEPs in the run-up to the development or revision
of each institution’s GEPs. Thus, it is in light of the major revision of the
undergraduate curriculum and the development and shaping of new GEPs in

Hong Kong that affective learning should be considered.
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Historically, affective learning goals, when they have appeared at all
in course syllabi or program goals, have often been aspirational in nature.
However, the confluence of reforms in Hong Kong’s higher education sector
offers an opportunity to move affective learning from a position on the
periphery of education, to a more prominent position, by making affective
learning goals assessable from an OBA framework and within GEPs. This
may very well be the time for affective learning to take its rightful place

alongside cognitive learning in Hong Kong’s higher education arena.

The Role of Affective Learning Outcomes within General

Education Programs (GEPs)

GEPs often include affective learning goals. One way of thinking about
GEPs and the courses that comprise them is that they are designed, at least
in part, to help all students develop a favorable atfitude toward learning in
general. A quick perusal of the GEP goals that are emerging among institutions
in Hong Kong reveals many affective learning statements relating to self-
directed learning, life-long learning, judgment and ethical reasoning, and
civic responsibilities. This is not surprising, in light of the way that affective
learning goals have pervaded GEPs in other parts of the world.

In consultation with hundreds of U.S. higher education institutions,
accreditation bodies, and employers, the Association of American Colleges
and Universities (AAC&U) summarized four essential learning outcomes
for 21% century education: knowledge of human cultures and the natural
world, intellectual and practical skills, personal and social responsibility,

and integrative learning (Association of American Colleges and Universities,



14

Special Topic: Assessment in University General Education Program

2005). The third of these essential learning outcomes, the development of

personal and social responsibilities, is most directly related to affective

learning outcomes. This outcome has been further described by AAC&U’s

Core Commitments initiative as having the following five dimensions:

»  Striving for excellence: developing a strong work ethic and consciously
doing one’s very best in all aspects of college;

»  Cultivating personal and academic integrity: recognizing and acting on
a sense of honor, ranging from honesty in relationships to principled
engagement with a formal academic honor code

*  Contributing to a larger community: recognizing and acting on one’s
responsibility to the educational community and the wider society,
locally, nationally, and globally

»  Taking seriously the perspectives of others: recognizing and acting on
the obligation to inform one’s own judgment; engaging diverse and
competing perspectives as a resource for learning, citizenship, and
work

*  Developing competence in ethical and moral reasoning and action:
developing ethical and moral reasoning in ways that incorporate the
other four responsibilities; using such reasoning in learning and in life

(Association of American Colleges and Universities, n.d. (a)).

Thus, GEPs, both around the world and in Hong Kong, comprise an
extremely important part of the curriculum in which affective learning
outcomes may be found. In fact, GEPs may be the optimal area of the

curriculum in which to house the majority of affective learning outcomes,
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as GEPs are experienced by all students. As Hong Kong works to develop
or revise GEPs, it is likely that affective learning outcomes will need to take
their place alongside traditional cognitive learning outcomes, to best prepare

students for the future.

Writing Affective Intended Learning Outcomes (ILOs)

As has been noted earlier, it is critically important to clearly state affective
ILOs in order to allow for alignment of these outcomes with appropriate
teaching and learning methods and assessment processes. Affective ILOs for
individual courses or GEPs should be statements of what students are expected
to be able to know, do, or value as a result of engaging in the learning process.
Typically, it is best when ILOs are expressed from the students’ perspective,
in the form of action verbs leading to observable and assessable behavior,
and directly related to criteria for assessing student performance. Ideally, all
outcomes should be achievable and assessable. ILOs can be specified at every
level of the affective taxonomy (see Table 1 for examples).

However, in the case of affective outcomes, there are several reasons
why it may be particularly challenging to specify high-quality learning
outcomes (Gronlund & Brookhart, 2009). First, the terminology used is
often vague and little attention is given to defining what those outcomes are.
Words like “appreciate,” shows “interest,” and “values” are fuzzy and often
used in ILOs interchangeably when they may in fact have quite different
technical meanings. This phenomenon is not unlike that in the cognitive

domain, wherein vague statements like “understand” or “know” have come
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to be replaced by much more specific statements like “describe,” “analyze,”
or “apply,” once faculty learn about Bloom’s cognitive taxonomy and how
the subtle differences in language are related to the teaching and learning
methods and assessment of learning outcomes. Second, although some
learning outcomes can be stated in terms of overt or observable behaviors
(e.g., asks clarifying questions, volunteers participation), others refer only
to internal states (e.g., is motivated to learn more, “appreciates” diversity
or the arts), which must be inferred. An internal state is a broad category
that stands for all of the attitudes, thinking processes, and motivations that
individuals have, which are not directly observable, but which are recognized
to exist within the minds of individuals. In cases where an affective learning
goal is really an internal state, the affective learning outcome needs to be
written as an internal state, with the recognition that the internal state itself
is not observable or directly assessable, but with an acknowledgment that the
assessments and their interpretations can be altered to examine the types of
behaviors that provide the best evidence to support conclusions regarding the
presence of that internal state.

It is the instructor’s clarity of purpose and instructional goals, relative to
affective learning, which are the essential starting point for writing affective
learning outcomes. The faculty member’s instructional intent should
determine whether and how to state affective learning outcomes separate
from cognitive or psychomotor ones. Fortunately, Krathwohl’s taxonomy
provides guidance regarding the specification of affective ILOs. Time spent
in clarifying the affective ILOs will make it much easier to specify both the
teaching and learning methods and the assessments necessary to determine

the achievement of those outcomes.
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Table 1
Intended Student Learning Outcomes
Written at Each Level of the Affective Taxonomy

Receiving: Student will be able to listen to different points of view
on ethical issues in genetics and biotechnology

Responding: Student will be able to assist teammates in solving
problems in genetics and biotechnology

Valuing: Student will be able to justify a position regarding the
use of genetic experimentation from an ethical point of
view

Organization: Student will be able to adhere to ethical standards in

discussing issues in genetics and biotechnology

Characterized Student will be able to display commitment to using
by a value ethical standards when solving problems in genetics

(or value set): and biotechnology

(S. J. Friedman, personal communication, June 6, 2009)

Teaching and Learning Activities (TLAs) to Promote the

Achievement of Affective Learning Outcomes

Once affective ILOs have been specified, faculty must turn their
attention to designing TLAs to support students’ achievement of those
ILOs. There is growing awareness that traditional pedagogical methods
involving faculty lecturing to large groups of students is not always the most
effective strategy for the achievement of certain cognitive, and perhaps more
important, affective outcomes (Harward, 2007; Kuh, Kinzie, Schuh, & Whitt,

2005). Instead, pedagogies that allow students to engage more actively in
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the learning process, utilize psychomotor behaviors, or experience affective
changes, are increasingly recognized as beneficial learning experiences
(Association of American Colleges and Universities, 2007; National Survey
of Student Engagement, 2007; Harward, 2007). This is not to say that lectures
are ineffective at addressing various learning outcomes, but rather to explain
that many additional teaching and learning methods can be utilized to achieve
ILOs, sometimes with greater alignment between ILOs and TLAs than is
possible with lectures alone. As a group, these activities are usually described
as experiential or engaged learning, that is, learning that arises from direct
experience. Experiential education, despite popular misconception, is not a
new trend in higher education. John Dewey, perhaps the most famous proponent
of experiential education, wrote about it in his seminal book, Experience and
Education, back in 1938. What is new, however, and has sparked increased
interest in experiential learning pedagogies, is the recognition that TLAs
need to be more closely aligned with affective ILOs, to increase the chances
of students being able to achieve those stated outcomes.

Experiential learning activities are extremely diverse and may involve
participation in such activities as undergraduate research, community-based
research, hands-on laboratory activities, simulations, internships/field work/
practica, cooperative education (employment), service learning, study abroad
programs, cross-cultural programs, civic engagement/public scholarship,
or leadership training. Harward (2007) argued that service learning and
community-based research are two exemplars of engaged pedagogies having
“the greatest potential to transform attitudes, behaviors, and dispositions”

(p. 10), precisely the types of outcomes that we have defined as falling within
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the affective domain. Thus, depending upon the nature of the affective ILO,
various experiential teaching and learning methods can be brought to bear on
the situation.

For a number of reasons, experiential learning is particularly helpful
in meeting more complex (higher levels in the taxonomy) affective learning
outcomes, such as valuing, organization, and characterization by a value set
(Association of American Colleges and Universities, 2005). First, it allows
students to practice applying theory to practice (e.g., as social workers
complete internships in community agencies, they practice enactment of
their previously developed theories of social justice, thus demonstrating a
characterization by a value set). Second, experiential learning helps students
to develop desirable work skills such as the motivation to produce high-quality
work or efforts to understand and appreciate alternative points of view. Third,
these learning experiences can reinforce social and ethical values. Finally,
experiential learning can be used across a broad spectrum of disciplines and
in interdisciplinary contexts.

In examining one of these innovative experiential pedagogies in more
detail, we can consider its usefulness in achieving affective learning outcomes
in general education courses or programs. Service learning is a strategy that
integrates meaningful community service with instruction and reflection to
enrich the learning experience, teach civic responsibility, and strengthen
communities (Campus Compact National Office, 2001). Service-learning
typically engages students in a three-part process: classroom preparation
through explanation and analysis of theories and ideas; service activity that

emerges from and informs classroom context; and structured reflection tying
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service experience back to specific learning goals (Jeavons, 1995). Service
learning has been successfully applied across a wide variety of disciplines in
the arts and sciences, as well as in professional education programs such as
nursing, law, or pharmacy. There is an extensive literature on this teaching
and learning method, as represented by several specialized publications and
web resources (e.g., Michigan Journal of Community Service Learning,

Campus Compact, National Service-Learning Clearinghouse).

Assessment Tasks (ATs) for Affective Learning Qutcomes

When designing any AT, it is important to decide what performances
represent evidence that a particular learning outcome has been achieved,
as well as to ensure that there is an alignment between the ILO and the
evidence collected and examined. An example from the psychomotor domain
may help to clarify the importance of both defining evidence and aligning
it with the ILO. Imagine that the psychomotor intended learning outcome
for a nursing student is to “collect an uncontaminated blood sample.” The
evidence that the ILO had been achieved is that the student could produce
an uncontaminated vial of blood (as determined by clinical observation of
the venipuncture technique focusing on the process utilized to collect the
sample). Non-aligned evidence would include performance on a quiz testing
knowledge of venipuncture procedures, or even production of the vial of blood
without clinical observation (as it may have been collected by someone other
than the student). The alignment between the ILO and the evidence collected
is obvious in this example. Unfortunately, the identification of appropriate
evidence and the alignment of that evidence with the ILO is not usually as

clear-cut in the affective learning domain.
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In fact, some of the largest challenges posed by affective learning relate
to the assessment of affective ILOs. Even when ILOs have been clearly
specified and any of a wide variety of aligned teaching and learning methods
(TLAs) have been employed to promote the achievement of these outcomes,
the assessment of affective learning outcomes requires creativity and, often,
new learning on the part of faculty. This is because affective learning, unlike
cognitive or psychomotor learning, cannot always be measured in direct ways.
Instead, it may be instructive to think of the assessment of affective learning
as occurring in two broad categories: direct assessments (similar to those
for cognitive and psychomotor learning outcomes) and indirect assessments.
Direct assessment involves examining samples of the direct work output of
students, such as their performance in answering examination questions, in
making a speech, or in mastering a clinical skill like venipuncture. Indirect
assessment, on the other hand, refers to gathering information about student
learning by looking at indicators of learning other than direct student work
output. Indirect assessments are quite diverse and can include a wide variety
of measures such as surveys, exit interviews, employer ratings, focus groups,
or even reflective writing. Indirect assessments predominate in the affective
learning domain. However, both direct and indirect assessments of affective

learning outcomes are considered below.

Direct Assessment of Affective Learning Outcomes

The direct assessment of affective learning outcomes is most common at
the lower levels in the affective learning taxonomy of Krathwohl et al. (1964).
Some affective outcomes are written at a level where a direct assessment
of behavior can provide evidence of the achievement of the affective ILOs.

Instructors can, for example, take attendance to quantify the willingness of
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students to receive information on a given subject. Likewise, instructors can
record the number of questions raised by students in a recitation or discussion
section of a course, or the number of completed homework assignments to
quantify evidence at the “responding” level of the hierarchy. The majority
of affective learning outcomes that faculty seem concerned with and find
interesting, however, tend to occur at higher levels in the affective taxonomy.
Thus, they are less amenable to direct assessment, as they reflect internal
states such as attitudes, dispositions, or values. That is where a variety of

indirect assessments become crucial for the assessment of affective ILOs.

Indirect Assessment of Affective Learning Outcomes

Some affective learning outcomes (e.g., attitudes, values) simply cannot
be measured directly because they are internal states that exist only in the
minds of individual students. These types of affective outcomes tend to be
measured indirectly, as the expression of internal states, through the students’
thoughts and actions. The need to infer covert behaviors (e.g., feelings,
attitudes, dispositions) from observed actions or to use completely indirect
(non-observable) methods of assessment (e.g., self-report inventories) may be
unfamiliar to many faculty. In fact, for some faculty, particularly those trained
in the “hard sciences,” the concept of indirect measurement raises extreme
skepticism and a tendency to discount the validity of affective learning
altogether. Nevertheless, psychologists, sociologists, market researchers, and
other social scientists have long established a tradition of measuring attitudes
and dispositions, which must now be shared across all of academia.

The information gathered for conducting an indirect assessment of
affective learning outcomes can come from a variety of sources, depending

on the nature of the affective ILO. These sources include the self (e.g., an
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outcome focused on an attitude), peers (e.g., an attitudinal outcome that affects
group functioning/performance such as teamwork or the willingness to engage

in collaborations), or even instructors, supervisors, or employers (e.g., an

outcome focused on a broad concept like open-mindedness, valuing life-long
learning or displaying a commitment to ethical behavior). Likewise, there are
a variety of methods for indirectly assessing affective ILOs. Some of the most
common assessments include self-reflective writing, self-report questionnaires,
and surveys completed by others. Each is described briefly below.

Self-reflective writing (Journaling). Reflection refers to “the intentional
consideration of an experience in light of particular learning objectives”
(Hatcher & Bringle, 1997, p. 153). Many faculty who explicitly state
affective ILOs use reflective journaling as a method of assessing their
students’ achievement of those outcomes. When students reflect on their
thoughts and feelings, they have a chance to share information about their
internal states and attitudes. Students’ journals provide a window into their
attitudes and beliefs. Faculty who require students to submit journals are not
telling students what or how to feel, only that thinking and feeling are both
important. Both reason and emotion are essential components of the reflective
learning process (Felton, Gilchrist, & Darby, 2006). Effective reflection is
characterized by a linking of experiential learning to course material. Further,
the greatest likelihood of achieving the affective ILOs come from reflection
that is guided by the instructor, occurs regularly over time rather than only
once or twice, explicitly encourages the exploration of values, and permits
feedback from the instructor (Felton et al., 2006).

Faculty can encourage students to integrate emotion and attitudes into
their analytic reflections by providing prompts for journaling activities

(see Campus Compact National Office, 2001, for guidance on structuring
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reflections). For example, imagine a business communications course with an
affective ILO that reads, “Students will be able to recognize and act on their
professional responsibility to the local business community.” In this course,
students engage in field work with local non-profit agencies to improve
communications plans and marketing materials. Students may be prompted
to answer such questions in their journals as, “How did this experience
make you feel?” Subsequently, students may be asked to demonstrate a link
between emotion and analysis by answering questions such as, “What are the
implications of this experience and of your reaction to it, for how you will
think, feel, and act in the future?”” Through these activities, students can learn
to analyze how emotion shapes their understanding of a social problem, as
well as how the social problem shapes their emotions and future behavior
(Felton et al., 2006). While journaling does not directly assess students’
attitudes or proclivity to become involved in pro bono business consultations
in the future, the content of the journals can be seen as a behavioral proxy for
the students’ attitudes about their professional responsibilities, which cannot
be measured directly.

Self-Report Questionnaires. Another method of assessing affective
ILOs involves asking students to report on their attitudes or values via a
questionnaire. Such questionnaires are relatively easy to develop or adopt
from other sources, and are often used in a pre-test, post-test design. In this
manner, students’ attitudes can be assessed at the beginning of a course
prior to certain TLAs, and again near the end of the course, to determine
whether the learning activities led to any significant changes in attitudes.
Often Likert scale responses are used (e.g., indicate your level of agreement
or disagreement with each statement using the following five-point scale:

5 Strongly Agree — 4 Agree — 3 Undecided — 2 Disagree — 1 Strongly
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Disagree) and data can be quickly and quantitatively summarized to examine
possible attitudinal changes over time. Items on such questionnaires can ask
for students’ responses to specific and rather narrow attitudes or to broader
statements of values. Additional resources for developing and implementing
questionnaires are often available through assessment offices on campus,
through websites that focus on affective learning outcomes (e.g., AAC&U’s
Core Commitments project; see Association of American Colleges and
Universities, 2004), or through consultations with those responsible for OBA
implementation.

To decrease the likelihood of students providing inaccurate reports of
their attitudes due to expected social behaviors (i.e., answering in ways the
faculty member has indicated is more desirable), these types of questionnaires
should not be graded and should, ideally, be anonymous. With sophisticated
software available in many online course platforms like Blackboard or
WebCT, students can be given “credit” for completing a survey questionnaire
while having their responses remain anonymous. The anonymous feedback
is still sufficient for faculty to evaluate whether the instruction is changing
attitudes of the class in a desired direction, although individual assessment of
students’ changes in attitudes are not identifiable.

Surveys of peers, instructors, supervisors, and employers. A final major
method of assessing affective ILOs uses data from sources other than the
individual students themselves. Faculty can, and regularly do, rate students’
behaviors, but peers, internship supervisors, co-op employers, and even post-
graduation employers are alternative sources of behavior ratings that may tell
instructors about students’ affective learning. The nature of the instruments
completed by others range from checklists (presence/absence of a performance),

to rating scales (levels of performance), to the use of holistic scoring rubrics
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(impression of overall performance), depending upon the type of information
being sought through the assessment (Gronlund & Brookhart, 2009).

The highest validity for such instruments occurs when peers, supervisors,
or employers are asked to rate students’ overt, observable behaviors rather
than the students’ attitudes or motivations (Gronlund & Brookhart, 2009).
For example, it would be better to include items on a checklist or rating scale
such as “Student maintains consistent work hours” and “Student completes
assigned tasks within specified time limits” rather than asking others to rate
students’ attitudes using items such as, “Student shows professionalism” or
“Student values a strong work ethic.” It is likely that assessment devices
already exist for many courses involving peer group projects, internships,
or co-op employment. With careful attention to the affective ILOs, slight
modifications of those assessment devices could yield useful data to evaluate
the achievement of affective learning outcomes from informants other than

the students themselves.

Program-level Assessment of Affective Learning Outcomes

Institutions must carefully consider the process and timing of measuring
affective learning outcomes. Some outcomes are expected to occur gradually
over time, as the result of the cumulative experiences of students over multiple
classes, rather than being mastered within the context of a single, semester-
long course (e.g., “Students will value life-long learning” or “Students
will develop sensitivity to the common concerns of human existence”).
Particularly in the case of attitudinal change, where change is often subtle, it
may be important to consider program-level assessment of affective learning
outcomes rather than focusing exclusively on course-level assessment of

those learning outcomes.
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Program-level assessment of learning outcomes presents its own unique
set of challenges, particularly in GE programs, This is because such programs
are typically comprised of a large array of courses from which students make
selections from various categories. Thus, responsibility for the achievement
of specific program outcomes is diffused, posing a problem for the assessment
of the GE program. After all, GE courses are typically staffed by a loose
collection of faculty culled together from across the university and among the
various schools or colleges. More specifically, if no single course instructor
feels “responsible” for the achievement of a specific affective learning
outcome within the course that they teach, then no course instructor worries
too much about the TLAs or assessment of that affective learning outcome,
assuming other faculty will address the affective outcome in their courses. In
the end, no one addresses the affective learning outcome in their course and
the achievement of the outcome is left to chance. This is perhaps what has
happened with most affective learning outcomes in higher education over the
past several decades.

Therefore, it is incumbent upon institutions to carefully map which
GE program outcomes are associated with which courses within the GE
program, so that they can be reasonably assured that all students completing
the general education program requirements (using various combinations
of courses) have met the program outcomes. While an extensive discussion
of the curricular mapping of GE programs is beyond the scope of this
paper, resources are available to assist universities as they embark on this
challenging task. Many institutions, for example, have recently seen virtue
in the methodology of developing student portfolios as a way of capturing
evidence that GE program learning outcomes are being achieved from the

broad array of courses making up the students’ learning experiences. Many
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questions remain concerning the type of evidence to be collected in the
portfolio and the methods of evaluating that evidence, but the VALUE Project
(Valid Assessment of Learning in Undergraduate Education) is leading the
way in examining these questions (see Association of American Colleges and
Universities, n.d. (b) and Association of American Colleges and Universities,
2009b). Using electronic portfolios (e-portfolios) that can be organized and
presented in ways appropriate for different audiences, the VALUE Project
seeks to document the quality of student learning by developing ways for
students and institutions to collect convincing evidence of student learning.
Affective learning outcomes, like cognitive and psychomotor ones, must be

considered in this program-level assessment process.

Examples of Affective Learning Outcomes in GE Courses

In the remainder of this paper I provide two examples of affective
learning outcomes in general education courses from my own experiences
with teaching at the University of Michigan — Flint. In each case, I describe
the process of defining the affective ILOs, the teaching and learning strategies
employed and, ultimately, the assessments utilized with the affective ILOs.
The first case involves the revision of an existing course to include a new
affective learning outcome, while the second case represents the involvement
of a team of faculty in developing a new course. Each example describes
different teaching and learning methods, as well as assessment strategies for

affective learning outcomes.

Example 1 — Child Psychopathology

I decided to completely redesign this course to better achieve my goals.
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The course is a popular elective in the Psychology degree program and is also
open to non-major students. One new goal that I had was to have students
“care” about mental health issues in children, to possibly become advocates
for children, who would otherwise remain faceless and voiceless as decisions
are made about services and funding for their mental health needs in the United
States. I wanted students take more than an academic and cold cognitive look
at childhood mental health problems by recognizing a need and wanting to

take action.

Intended Learning Outcomes (ILOs)

Examining the taxonomy of Krathwohl et al. (1964) in light of my goal
of “caring,” 1 quickly realized that the outcome I desired was something
beyond the range of receiving, but perhaps not as complex as organization
or characterization by a value set. Ultimately, I specified an intended student
learning outcome at the valuing level, which read, “Students will be able to
share thoughts and feelings about an important social issue, specifically, the

care and treatment of abused and neglected children.”

Teaching and Learning Activities (TLAs)

To give students experiences that would allow them to “care,” I envisioned
a service learning project in our local community where students would have
a chance to become familiar with a residential treatment facility for abused
and neglected children and the children who lived there. Arrangements
were made for all necessary logistics (e.g., criminal background checks and
tuberculosis screenings) to allow students to visit the residential treatment
facility on at least three occasions during the semester. The first visit was a

class orientation, where all of the students toured the facility, met some of
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the staff and children, and scheduled their subsequent visits. During their two
subsequent individual visits, the students spent several hours at the on-site
school and in the residences where the children lived. They had the chance
to observe, interact with, and assist the resident children with their school
work, recreational activities, and general socialization skills. Throughout the
time when these visits were occurring, the students kept a journal of their
experiences, and had ongoing opportunities in the university classroom
to share these experiences with one another and to discuss their questions
or concerns. Thus, the TLAs designed to align with the intended affective
learning outcome included lectures, classroom discussions, visits to the

treatment facility, and writing activities.

Assessment of Affective Learning

I decided to assess the affective ILO using reflective journal writing.
I believed that keeping a journal and the reflection that accompanies the
process would be an effective method of teaching and learning aligned to
the achievement of my ILO. Further, the outcome of this same activity, the
submitted journal, could serve as a method for assessing the achievement of
the affective ILO. That is, the process of writing the journals would assist
my students in deepening their understanding and feelings about this topic,
and the journals themselves could be used as evidence of the development of
that concern. The students were guided with weekly prompts, beginning with
requests to explore their expectations prior to their first visit to the residential
treatment facility, and culminating with a final prompt in which they were
asked to describe their “personal reactions to learning more about the plight

of children suffering from significant abuse or neglect.” Student journals
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were reviewed weekly, with feedback given to improve the quality of the
reflective writing. The journals were also graded, primarily with respect to
the students’ ability to link experiences while at the treatment facility to their
course work and to the weekly prompts for writing. Thus, there were no
“correct” answers in journaling. Rather, the quality of the process of fulfilling
the journaling requirement was assessed (students were assessed for their
ability to articulate and share the thoughts and feelings they had experienced
as a result of the service learning). The journals accounted for 18% of the
final course grade. Statements within the students’ journals provided evidence
that the affective intended learning outcome was, in fact, being achieved. For
example, one student wrote, “my personal reaction to learning more about
the plight of children suffering from significant abuse and neglect was strong.
I could be accused of having put on blinders to protect myself from these
realities in the past, but not anymore.”

An additional source of information about the impact of the service
learning project and the achievement of the affective ILO came from an
informal survey I administered at the end of the course. Eighty-eight percent
of the class felt that the service learning project should be continued in
future semesters, and an equal proportion said that the project should include
journal writing assignments. In response to an open-ended question about
the most important lesson learned from the project, one student noted, “The
journal entries helped me to reinforce and revisit what I saw, what I learned,
and how I felt. It encouraged me to see other possible uses for a degree
with psychology.” Not only had this student shared thoughts and feelings
about abused and neglected children, but she was considering seeking future

employment to work with this population.
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Example 2 — Ethics in Public Life

This example highlights the challenge of developing and delivering an
interdisciplinary general education course with multiple instructors. Faculty
from seven academic disciplines across colleges/schools collaborated
to develop this new course, entitled “Ethics in Public Life.” This course
was a pilot “capstone” general education course, designed to encourage
the integration of disciplinary-specific knowledge and skills with general
education learning. The affective learning outcomes related to students’
development of an interest in, and a heightened awareness of, the ethical

dilemmas that they face in everyday life.

Intended Learning Outcomes (ILOs)

As we began meeting to plan the course, we quickly learned that
reaching a consensus on course goals and intended student learning outcomes
was going to be time-consuming. The discussion amongst my colleagues
while planning the ethics course was instructive as to why affective learning
outcomes are often avoided. Specifically, there was a deep misunderstanding
and divide between faculty who advocated for and against our stating explicit
affective student learning outcomes. Those who opposed the use of affective
learning outcomes did so because they initially thought that we were trying to
teach specific affective or moral truths (a specific way to think, or a “correct”
response to an ethical dilemma). They argued against efforts to get students
to conform, because they felt that the students would simply learn what they
were “supposed” to say and would say it, regardless of their true beliefs
or attitudes. Over time, those who advocated for the inclusion of affective

learning outcomes within the course were able to convince the other faculty
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that the goal was not to teach “what” to think about ethical issues, but rather
“how” to approach the process of thinking about ethical issues and, most
importantly, “that” it is a worthwhile endeavor to think deeply about the ethical
issues that we routinely confront. The student affective learning outcome that
we agreed upon after much debate and discussion was that the “Students
will be able to examine relationships between codes of ethics and individual
ethical behavior,” and was written at the second level, “Responding,” in the

taxonomy of Krathwohl et al. (1964).

Teaching and Learning Activities (TLAs)

We agreed upon a theory of ethical development (Rest, Bebeau, &
Volker’s four-stage model, 1986) as the organizing framework for the course.
To give the students opportunities to consider individual ethical behavior in
light of the theory, we decided to host a series of public symposia (for faculty,
students, staff, and our local community) on the topic of ethics in everyday
life (supported by a small grant). Each symposium featured a keynote speaker
as well as panelists who spoke on the following subjects: the Ethical Food
Movement, Ethical Dilemmas in Business Practice, Poverty and the Ethics of
Social Service Delivery, and Ethical Challenges of 21% Century Healthcare.
Each symposium was preceded by a luncheon to encourage discussion among
the diverse participants.

The students were expected to consider and apply a particular stage of the
ethical development theory to their analyses of the symposia events. Further,
they were asked to take increasingly active roles at each symposium across
the semester. By the final symposium, during the luncheon that preceded

the symposium the students were facilitating small group discussions on
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ethics. The students had systematically moved from a role of “receiving”
information (level 1 in the Krathwohl et al. taxonomy), to “responding” or
even “valuing” (levels 2 and 3) through the design of the course activities.
Weekly classroom discussions, written reactions to symposium speakers, and
occasional lectures supplemented the public symposia as TLAs designed to

align with the intended affective learning outcome.

Assessment of Affective Learning

We decided to use three distinctly different mechanisms to assess the
students’ achievement of the affective ILO, “to examine relationships between
codes of ethics and individual ethical behavior.” First, the students practiced
examining relationships between codes of ethics and individual ethical
behavior through Blackboard discussion board assignments following each
of the four symposia. Classroom discussions that were held following the
submission of these online assignments provided the students with feedback
about their analyses and alternative points of view. Second, the students’
ability to achieve the affective ILO was assessed through an oral, group
format final examination. This examination involved teams of six students
being presented with a novel case study in which they were asked to analyze
and discuss complex ethical issues from the multiplicity of perspectives that
they had been exposed to throughout the semester. We developed a scoring
rubric for this activity, which included faculty ratings of each student on their
“ability to negotiate roles among one another and make consensus judgments
as a group,” as well as their “knowledge of course material, specifically the
four components of ethical behavior development” and their “ability to apply

the theory to the individuals within the case study.” In sum, the faculty ratings
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allowed us to consider how well students had achieved the affective ILO.
The final mechanism for assessing the affective ILO came from an

Integrative Reflective paper assignment entitled, “What I have learned

about ethics in public life.” Through this paper, the students’ comments
demonstrated the value that they placed on being able to examine the
relationship between codes of ethics and individual ethical behavior. One
student commented, “Personally, the symposia gave me the chance to look
at the world with a more critical eye. I now see that ethics isn’t a class or a
random scenario, but something that is a part of you; like character.” While
these statements are qualitative and anecdotal, and on their own would not
provide sufficient evidence of the achievement of the affective ILO, they
certainly supplemented the other assessments and attested to the fact that the

students valued the development of their ethical decision-making skills.

Conclusions — On the Opportunity and Challenges of

Affective Learning

Affective learning outcomes are essential components of a 21% century
university education, as exemplified in statements of graduate outcomes,
various accreditation standards, and employer surveys internationally.
Though less familiar to most faculty than cognitive learning outcomes,
affective learning outcomes are no less salient or critical to student success
in the ever-changing, multicultural, global, information-laden society in
which we live. In fact, some argue that affective learning outcomes are more
important for the success of graduates and the success of society than are

many of the specific cognitive outcomes emphasized in current programs.
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With globalization putting distinctly different cultures in close contact, rapid
economic expansion leading to rapid career displacement, and the growth
of higher education leading to more diverse student populations inhabiting
our campuses, affective learning outcomes are increasingly indispensable
outcomes of a university education.

The time for affective learning outcomes to play a more extensive role
in higher education is now. Spurned by efforts to make valid assessments of
student learning (OBA) and new general education initiatives, Hong Kong’s
higher education institutions are poised to bring affective learning to the
forefront of their pedagogy. The process of harnessing the power of affective
learning begins with clearly specifying intended affective learning outcomes,
proceeds through the development of effective and engaging teaching and
learning methods designed to promote such learning, and concludes with
sophisticated and valid assessments of the level of achievement of those
desired learning outcomes. Within the realm of GEPs, affective learning
must be considered at both the course and program levels. Individual faculty
must be willing to struggle with the complexities, uncertainties, and new
learning necessary to implement affective learning in their general education
courses, and their efforts must be coordinated centrally through GE program
curriculum mapping to connect course-level affective outcomes to broader
and more ambitious program-level outcomes.

As universities step up to the challenge of defining, facilitating, and
assessing essential general education learning outcomes, including those
elusive affective learning outcomes, we will have to model the life-long
learning skills we so frequently say we want to see in our students. If we are to
achieve the promise that OBA and GE have to offer, faculty will have to adapt

and learn new methods and strategies for TLAs, as well as for the assessment
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of affective learning outcomes. The only question now is whether faculty will

choose to step up to the challenge of life-long learning and educate ourselves,

alongside our students, or whether we will choose to profess something that

we, ourselves, are sometimes unwilling to do.

* ok ok ok ok sk ok ok ok ok ok ok ok ok 3k

Appendix I. Krathwohl, Bloom, and Masia’s Taxonomy of

the Affective Domain (1964)*

Level and Definition

Illustrative Verb

Receiving refers to the student’s willingness
to attend to particular phenomena of stimuli
(classroom activities, textbook, music, etc.).
Learning outcomes in this area range from the
simple awareness that a thing exists to selective
attention on the part of the learner. Receiving
represents the lowest level of learning outcomes
in the affective domain.

asks, chooses,
describes, follows,
gives, holds,
identifies,

locates, names,
points to, selects, sits
erect, replies, uses

Responding refers to active participation on
the part of the student. At this level he or she
not only attends to a particular phenomenon but
also reacts to it in some way. Learning outcomes
in this area may emphasize acquiescence

in responding (reads assigned material),
willingness to respond (voluntarily reads beyond
assignment), or satisfaction in responding
(reads for pleasure or enjoyment). The higher
levels of this category include those instructional
objectives that are commonly classified under
“interest”; that is, those that stress the seeking

out and enjoyment of particular activities.

answers, assists,
complies, conforms,
discusses, greets,
helps, labels,
performs, practices,
presents, reads,
recites, reports,
selects, tells, writes

2 Downloaded from http://assessment.uconn.edu/docs/LearningTaxonomy_Affective.pdf.
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Appendix I. Krathwohl, Bloom, and Masia’s Taxonomy of

the Affective Domain (1964) (Cont'd)

Level and Definition

Illlustrative Verb

Valuing is concerned with the worth or value

a student attaches to a particular object,
phenomenon, or behavior. This ranges in degree
from the simpler acceptance of a value (desires
to improve group skills) to the more complex
level of commitment (assumes responsibility for
the effective functioning of the group). Valuing is
based on the internalization of a set of specified
values, but clues to these values are expressed
in the student’s overt behavior. Learning
outcomes in this area are concerned with
behavior that is consistent and stable enough to
make the value clearly identifiable. Instructional
objectives that are commonly classified under
“attitudes” and “appreciation” would fall into this
category.

completes, describes,
differentiates,
explains, follows,
forms, initiates,
invites, joins, justifies,
proposes, reads,
reports, selects,
shares, studies,
works

Organization is concerned with bringing
together different values, resolving conflicts
between them, and beginning the building of
an internally consistent value system. Thus,
the emphasis is on comparing, relating, and
synthesizing values. Learning outcomes may
be concerned with the conceptualization of a
value (recognizes the responsibility of each
individual for improving human relations) or with
the organization of a value system (develops
a vocational plan that satisfies his or her

need for both economic security and social
service). Instructional objectives relating to the
development of a philosophy of life would fall
into this category.

adheres, alters,
arranges, combines,
compares, completes,
defends, explains,
generalizes,
identifies, integrates,
modifies, orders,
organizes, prepares,
relates, synthesizes
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Appendix I. Krathwohl, Bloom, and Masia’s Taxonomy of
the Affective Domain (1964) (Cont'd)

Level and Definition lllustrative Verb

Characterization by a value or value set. The | acts, discriminates,
individual has a value system that has controlled | displays, influences,

his or her behavior for a sufficiently long time listens, modifies,

for him or her to develop a characteristic performs, practices,
“life-style.” Thus the behavior is pervasive, proposes, qualifies,
consistent, and predictable. Learning outcomes questions, revises,
at this level cover a broad range of activities, serves, solves, uses,
but the major emphasis is on the fact that verifies

the behavior is typical or characteristic of

the student. Instructional objectives that are
concerned with the student’s general patterns of
adjustment (personal, social, emotional) would
be appropriate here
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B O fEREIEA B H ~ REVERERE 2 AT - ZAREL
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L SREP G
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FLHUE L 2 fanzlE - (EEAEE]) (Plato, Republic) B4 (JH/KAYLL
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AR EBE 2 | R (RRERFTRTRIERAYEEES) (G, Galilei, Dialogues
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B : DU TR M s S LB o
TMRER IO AR SR 5 ?

AR EBL ? | F0E (R B BB ) (1. Newton, The
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SRS T AT 2
AR AR S L ? K75 - (DNA : 4i5hi9fsas)  (J.D. Watson, DNA: The secret
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AR : AV B R
3. HPREESFHNRE
R FasE AR
R ? TR - (EHEEAY)EE )  (E. Schrodinger, Mind and matter )
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FAWRE : 5 TEFe 4T AR TIELR ?
FEE IR 2 BRREL - (FFIREAELE ) (M. Born (1965). Symbol and reality,
Universitas 7 (4), 337-353.)
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3. ERSmENRE (8)

F: TE BT R

PRI 7 | R - (PEZBHERELSCH ) (J. Needham, Science and
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#  (PBEUEER) & (FRESUEHEEEE )
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THBIFESR T E CRSRIEEIEEERS o R RACAERE L TR T I R - D
MRV T HFTEELE - AR AARIE -

*3-1 Tl H R RAE ) SRR A G
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1 2% Bl [ 95 22 B35 50 B S A s PR R A > S D 2 A B e SE R 2 AL
B o BEERAERREE LA ERA B » ERE RS AR ARINE
HEEAEAS > RoRAGRIE LT R - S5 — TR BN E RS - &
PR R R > BERE I MR ~ WIFTEHR A SR R R Ol - BASEER
HTERE - R AR LS - 822 I0UE - IgMNEE LRI ZHE
A IBER Y B ER IR R SRS b AR PR ER A e SN e
LETEILRE - WSHRFTRE -

&

ik

() Zouhig

Fots HIEBR B BAERIE - BVGRE S IUEAS] - R — (152
A SRR B PO SR

L. FRE SEE BRI P PR AT

2. FREEBOEATH I SRR SRR |
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3. HEESEASZ RN EE R - SRR - EIRATHR
# -~ FEEnaRit - JhE UL RIRE IR R I T T PR (R

4. RS LS Rt & AR A IE A AN - B[R] SR I R ERAS
RARATE ~ W5 SAHRRRE -

EER BV EEE RS BANRFEA AR RIRL
SREA I B TAERSBRRINL & S fe (s TR e - M
H SR ER G R BB S BB SRS & - G a2 - IR
BIESE5 -

FEERA BT ~ BB ek i - MBS g op 5 5t
B AHRE A R SR B C B A $EEE IR B AT - AR
BRI - AE R EIFEL RS - (R R IRV AR -

b

i

() ek

EREGART B AR IR - DIE B ER RS (HARERR
ATREROR ~ TR LERG) L0 BE T DR REL - &
BABEHAR - HEEGRIERMERAERE - 8K H R R
W - AERBAERMUL > EEAEEE - —UIDL TASKHE 5 B
U

HEROIL B BRI A R AR B SRS RS AR 2t HA
B EAVERE -5 - BARER AN BT LEE R - BRSOt - HETT
AL ATREIERT TED - LIRS TR ) - BORRRk RS S -

PRI AT - IR BRI > AR O - Bk
Y JERE o S ARG T IR B R T S S P T ERAURE - A ISR BE T
PESCRERET > BIERNIGE « ARV ETSSE -

FEZR REAER S BOR BRI P AR 81 325508 52 JE sl S fk B BR 85
PRAFAY R 22 - DUEFERESEHLAT BV ERET - /KB IRE I ERBAVR ~ £
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i~ G~ EAIHES JTER - 1A o BRI R
S EAEZEER ~ IR R BUKR BEES - [F) IR IR R
i > SRICKRZREEL R\ ) A 3 BB LIS mhRETRGE A

FEBREKMEHE - Rl 2 s [ 2 - A0 s H R
M o DAKIEAN BT EIRITE R - M0 DIBREEE P B A > A B R R
AR REEUGE -

VY ~ 2 A Bl e B 4

VAR - B RE AR Ry — R A S E TR
EALIREIES - Bl — e PRk SRR SRS 5 - 5 —(E2E
HEEE Rid L AL S RERERT -

FESEVESRME L BATE s (—) KA R/ NI R AR P 38
2AEMMBENEER - (Z) BEREERRE - DUPREER - £
€~ Rk RE (=) BEEHUATE AR - 40
B RERE AR - AETE PRIERRIRE S AN ~ T B gh S AR A Y (R FRs - R
BAERESIOC - BRMEEENEE 0 (1Y) SEESE 2B SRR
B FEEERER TR EL ) o SEIARSHIET BRI AL, -

TEPH B EERTHEF AR SY - KBRS L SRR - DIk
[LIZEBRAGHE R 2R - BRBISSHERT e A 1F - SRS 2 B A i By
SNETE o FERNEAERS I FE S I R A e 2 ~ T b ye i
TTEDETE] - FEERAEHIREACTRTR 73 W5 (BB S A ARR - BRAGRER
DISGERGR L > MR ZEE S 20U S E I -

FER IS RANERAE > ANMER O - R ARKN 0T
DA 37 Y FEE RET TR o it 57 R SRR A SR R T s R e R
HIRE

&
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EECR BRI o DUHES ~ RO E(E BB IEERE - WG B
BT —{EAE M £ o B T BB BT BN BRI 518 Pureland @
Taiwan - MG DU R OB ALRE - BOIRAERR - FIRE AR B
BRHT > gt /ZPureland on Earth » Z HERARGS T E AR B -

HAMFFEE - SERE TS A AR - 2 BN SR R H
HRER » SR DU ER AT 2 R AR SR - FRAMI 3 B B Ll
FhELESEE o EMEEL R o EE L E R AE A B IR ERERE - DUE]
JESEHEMIRATK -






BB
FHIEIENA T R

BEREE TokME B&Ea *
[REEON

— ~ KE# » KT

MR FHARERNE ? BAENTHZERN ? KT H G
BRI ?

Z2#HGm (The Big Bang Theory ) 38R i H A ¥ 22 A
fi > R H MR - FRREREER (The Steady-State Theory ) tHEEkET
B2 > HEFE T 2R R A - SPIIREERS DUERF - 78 B AN
B (AJDMEZNRY ) R - FhimE 19485 Bildh » I8 T =14 » /&
A T AR HEAE o DUZRHRE P A -

LGRS AN H RS R PR R TR E
% TR EIG RTINS Z - B R E#HREIM - /IS

S AR s
EEr T w@&*&*ﬂﬁdﬁgﬂﬁdﬁﬂmﬁwméﬁo
)4 ¥ *ﬁwW«*%ﬂéém

b ﬁﬂﬁ??ﬁﬁjf';ﬁi:\% (2006) o (ENPUANFIOR) o IR () o (NI
(=) (F13-28) o ¥k @ [[1d Asetvfyi o ;j TS *uTuﬁiﬁzﬁuJ il [j\_Kragh H.
(1996). Cosmology and controversy: The htstorlcal and dr velopment of two theortes of the
universe. NJ: Princeton University Press Singh, S. (2004). Bzg Bang: The origin of the
universe. New York: Fourth Estate o [} g (A ]+ i (=i lﬂ:iﬁJJ'

_’_"4\_”“?\
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RIS BEETCEMMAGE - ReGEERY - E—TFrmFh
feft THEANEE - FRIRMTE T R B A AR R R o IR EA
HE - HERMBEREREROR 2E AR —E - RS &
Fhl, > AARPHGERZE - (FRRE -

L PRI IR T2

19054F » ZZ[AJTHH (A. Einstein) 2 ($38) MHEER - 2R AE
FHIOGERA - TATAHERRE A ATREEEGHE - 19154 > T2
HiEE S ARE e - SRR ER Ul TIRFZE o 19194 - Ml ARHIE P AR
i R T (E R BRI - (HPP AR E R — B — T
T AV E AN ER ARG - B8 T A rTRE H BhARTE - B IXIHTE
BB TR SRR - Kttt SRS E A — a2 T
W8, (cosmological constant) FYHPY - RF—HHFKS] > EAEYE
FARFERS - (EF e B —(EEFRERY P (Singh, 2004, pp. 153-160) -
5 RIIRERE - FRIWHHE " FHE %, G LE R %

(Claudius Ptolemy ) HYJEEE—FE > "2 " A —K > TARHI
(ad hoc) Wy » 2 —JIHHA(E IFRE T HAVRI -

19224 > L ELFEE (A. A. Friedman) E1E 7 2 K H #ER1Y —
SR 48R IR A E A DA Mg - i DIAMERZIR -
LR At ( Father Georges-Henri Lemaitre ) *fE19274EF2H >
M F IR TR " AVIET 5 (primeval atom) Bi#s » IEAEAE
K - ¢

1§ (5985-165) » SRS i~ ¥ 0 -

2 ELETH (1888-1925) + BRI - RGEF o BN A R
AL B (ESEUP RO -

3 EOMEHE (1894-1966)
[E R B T (cosmic egg) o TJ%I[@'TE%H' rﬂ%?lr'ﬂlﬁﬁfh PRI ©
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It — AR ~ SRE R o B RSB SR
HRGEIRE (RB=F) @ f£19274 > RFECRECH "X
VIR T BREmHEL TR EIR S TISE)EH . (Hubble’s
law) » {HE 19334ERAE Tl am i e TR A FE P ER - &
RLRIAFA B TR AR 52 50T - M T e BB be R (1960
1966 ) (Kragh, 1996, pp. 58-59) - *

=~ PRI BN st bE

(—) JEEAFENSEBME (Doppler effect)

RICBFAFEREER (spectroscopy ) w] LU H 2 e Bl BRI A
BRI - BANBAMAGER P i) SERERAVEERERA - EEE
E R AYE — ORI R AR N FIRYA > I 2 B B ER A R
HEE

v=c'-2)/A, c =k
v>0: EASEERTAT (ERDGEEESURRNA B TR )
v<0: 2REETERM (BROFa RS0 RENG - B TER ) °

EBIGN T

5 FECR|SPENE (Pontifical Academy of Sciences ) hLFEE, = FREE S PUR[SPLE -
6 %E;Fﬁj\f;ﬁ Bl THm#% % EJJ PR FP"%J > WEIZ‘UJ‘AW'NICEEA Fw:7{;J Em%“ 3 H
T tiion, Pt RS A TR | O <
7 CREFiSTE ) SEHHALRNE) (). C. A Doppler, 1803-1853) - FIRL- &iEY]
PrEISES o Kb R S A R LA 3 [ I*i_fﬁlﬁllﬁ » SRR R A T e
IE[ﬁE | (iR iy ﬂw ) @*ﬁ (%} l* W) ] i’FJf* wfEL ‘“‘i
”ﬁy S - F'gj}ﬁ’ﬂﬁﬁ To s [EYRA RS vé%L
HI Ef‘ij%aﬁ'tﬂaﬁt‘ftrv—c () //1)2 1]/ o /ﬂ H=e[(A- k)/k][l Va(h'-2)12]
Iﬁ fi ﬂ*‘Wlklpedla (2009). Relativistic Doppler shift. From http://en.wikipedia. or,q/w1£1/
Relativistic Doppler_effect.
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B3—1 2A0.7cik J& by 45 4% B b4 5L R 5] AT by AL 8 54 & -
BRI HEE > B AR R B R R Ay o f

(=2) H2R9E (V. M. Slipher) ° By g it
BCRTFEE ROGRE I RS GUE Sk » 19124F » Al il B
REAM3EAHER - [HIEFHRERFERSL - 19155 - fIER
E 1S 2 RHDERE » Hh BRI A 1208 - 19254 » fHG45E
FCRRDEEE - HrpAUEBARLRS - BACARAERERA T -
19294 > 5%} (E. P. Hubble) "2 BaAVRLRE AT C AR ER B AE
—i o M IEEERE

v=Hd > BREEERAVEEE (d) BLESRERPTHIERATEE (v) KL
IEEE

SE SR EERH BAE N 052 B % (Hubble constant )

8 F%Fﬁﬁ AT o

Rl (1875-1969) » S ERF|SHIA NS B i~ ’F} (Lowell Observatory ) 7j+= °
gE‘[“Fr“’f‘l‘‘f‘i;*j%‘Wikipedia. (2009). Vesto Slipher. From http://en.wikipedia.org/wiki/Vesto_
glipiler.
10 Pﬁfi (1889-1953) » S B £V 54 -
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WD S i PR IELLEFRAIA « SEFE19234F > fEBIR R
#EZR (C. Wirtz) ARIZERILATE R} - BEATE AR ERAZE AN
MHE > EfH FIEE R o " EEIhEEE - E19274 - $itgkr
Ay e B R L A

WSEhRE T TALRS ) BUBELRSCERAGERTBIAIERRE - M E T
EHRAEIE H RIS (< 6.52HEET) IER - EHLERAES)
MERAEH - T H5E L 2 R AE A R b o i > QA KK
TEELAR - EERARMAIRIEE (M. L. Humason) “{E193 IR AMEI HiE
BFGEET 8 EDCFEIER - BRI PRI T -

P BT B B HE T e 2l s e =

H, =217+ 0.5(km/s)/ & -

RIS 2 e ARE R P HAER P T AT - M A > &
fEATLR - BEER 106F (107) B4R HY 2 5% - JlBEsth Bk ey 2 1)

21, 70075 HL -

B2 Erkm B vy - 588 FaE 2R E T
g ? JEth | EMRARNAERMAELE - H—RTRERYAS R @ BET
BHIETERENR | BB BB  RAng 2 SRS #n9Es - L
HE—K - B AT HOYBE AR —/NEL [ 5 B E R

s P — el o

11 7% (1876-1939) » Ml 54 ; 32[IWebb, S. (pp. 240-241).

12 1908%F » ¥ B4 MWiRER (H. S. Leavitt) 3¢ T YAk | (Cepheid variables )
fluL, (brightness) [V {=JE B[ I ET o 5950 % (luminosity ) » 22 iUl
P (R R ORI o TR o OB -

13 {RFodE (1891-1972) 3G i S S5 PO Eﬁ*“hlﬂ* 32 67 F3
B E || ’F"lflflﬁ'%{j\ °

14 Fgf‘[ﬁ‘ifﬁiHinshaw, G.F.
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P

(=) Byl

fRix 2 R AV BRI v A KIRF I3 - IRIBIS e/ > [ E PRk
PIEAMTELELERERA d PR a2 d/v = VH, -

RIS PE R - ERBEE vERDEE (¢=300,0000 8 /7)) K2
% BREEtERd=13.68x10%E4F (136.8f80L4F) 582 " IR
AL - RSN RS ERAMTARA SRR

VH, IR TR T4
l/H0 = 13.772x10°4 = 137.72 {Z4F

W~ RN

(—) Pl
TRKER PR FE m52 TAE  WSEii T EIR E A A
BEE T 5 - RIS RZ 7 R IRR TR - BRRRIRL TEIAE

KT (y) ~ BT (eBle) ~ IETF () ~ETF (pHip’) ~ T
(n) -
‘R _FH WML T (nucleon) - FHARE FREAYIEURE o "o PRI
(EiE) ;s BFREAERN  IEFIEFARRENESRRY - B1H
B = IEFRYER = - (B TFHIER) -
TERIEF AL E 7Bl rh R - BB ¢

15 2003 X BINASARY * 5l WMAPHEI T = 5 Bf(13.7£0.2)<10°F
16 T FTE = 1,836?&9'%%} = (1/1.0014) |14 BT R} = 1.6726x107kg 3 [~ ¥R} = [
i a0
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JFF% (atomic number) = Z = [fl-F#ZA'E TR H

ARG B FRIE RIS N RS0 R AL |

R RZIMUE T8 = IR T RENE T8 = R T2

SIAh— 1l B A

BE&E# (mass number) = 4 = J{ A FIVEHE=IRFZAN
(BEF8#++HFE) -

T E BB AN T ZE AR AT e EARAE T
A o Bl HeREEREA = 4~ JRT/FZ = 2094 (helium) JC3 ~ 4
T BAR T -

(=) Bedlimtpikde

19484 » KB SIL (Mount Palomar ) K3 Y2000] 5§
BRAGEE » T AR ) AR SCEBRIE T Ao B - A T RIFTR A
RS TESEE -

B IRREER R SR BRI A ST A B R A - SRE
oK 0 SRR EASER L BRI AR REE R R (IlZoBER
ORI 2548 - N2 1HEDLSH) - WEZEAE - T
AR BURER O | 3TIRAE » AW/ RS A PR A I8 (R4 - 7

19334F » fFEEHEEELSEFT (Bell Telephone Laboratories )
BT (K. G. Jansky ) 28R 14.6oK CIS MR B RARICE] T 39 2 R

17 18{6F DA HEHTOBRSAS R T H R IRARIRNT [ -



P

ERNEGR  EREH R (radio astronomy) MBHLR - * 2K
KR & 5 A Y R R RO B E AR B AR AR RS )
R RIS o SR~ SREIAIRNIR PR AR B 1 o ARy R R SR
SLES o B RSCREA TSR - ERAR T EHITHTER
18 RS T RICEZRN THRSL - FBE B Ay eE i % B A Bel
F RIS (BRAAE30OemE I mmZ[H]) B - Al ROUE # 2 Haffry
BEERIRIN - RIRATR B ZHE R - PRGN SRRIBE R ~ BB ]
FOEARER R

FHEESR BRI IR ZE 5T » B nh (e RS BIHIER A SR SN
22 © 19904 » WEEhAZZSLES 2L - 2K T 22RiiE e 2 i tulE fr -

(=) FHRFGEAANDEAANY

FHAF ML 19484 FAL: - BIERR D IHI RS - £H =fI 1M
N7/

7wk (Big Bang > flifEBB ) JREEFs T 6 R M il AMRKE - (94E
NMERIE - PEIEEAE TR - 38— IRAY LSRR A2 A 2 B B
BEHZER (G. Gamow) ~ "HIAYEA: {2 (R. A. Alpher) - >
KB IARIBIE S (R. Herman) - *!

SRE (Steady-State » fiifESS) JK[FIHR 38Ry HEFRAY T H £ (£
BZRR - (HER T HAREA - 1B E DOCEBEFI R 288 > BT
L WS35 B B R S 0 i R B A 2 - IRRRIRHY EEAYIZE —

18 gl (1905-1950) » SR 1R 3*‘ “ 7l (Bell Operating Companies ) % &Lﬁ—'j
FHE
19 JEI}}Ej\ (1904-1968 ) » ﬁ)&/‘f ’j’?‘ 12 (The George Washington Umversny) =
Pl ssg o wEE Uf[gé} 2‘5 (Colorado State University ) (=55 e
20 @i (1921-2007)
21 ﬁ‘%&é’ (1914-1997) - F#Fi+~ 5 (Princeton University ) #’J@ﬁﬁﬁiH P F1E
fif (&Lt J‘ﬂfﬁ TR s 2 fﬁﬁﬂ[fﬂ**ﬁwgﬁz
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B 7 9 B P S SR SR A0 S AL F 9 ¢ BEML (Sir H. Bondi) ~ >
it (T. Gold) *FIGIEASR CRHILAENE (SirF. Hoyle) » %
PHAETRREIR IR R S A -

h > B

(—) Sofllsy (19488F) @ ="FREE

RHLYES o AL T S B L RS B L4 -
— () g (B

JETE19484F » HELR ~ P {EAIR R 2 AR 7 BN e
B E R IR B ERA T A A i T WM E E TR S -

EAARERIZ K FamIACsE - KR & R T REARA R HIE A T3
BETRREME R - T ELE € 2 E kA 5 O =l 5rgE -

P TARAE H R FRS RS8R T 5w o THER SR - [HHE
KB/ LEERRZR © AFENA T G2 HNELT - 5
DS H SRR b TR Ry (H. Bethe) HY#7 - 73
BRI T IR IR A SRRV /EE 447 Alpher, Bethe, Gamow {2 547
JESCPAEER — {856} o, B, y (alpha, beta, gamma) - SEARERGT T HIEI4A
AIRRELZ F—— ({LEITRATHIR ) ——1E19484F4 A » {E bk
WefEky TafyBEiiE ,  (Alpher, Bethe, & Gamow, 1948, pp. 803804 ) °

/

22 ZE (1919-2005) » BESFLE Ol 5 o B R S BIERI S ]

23 -Gl (1920-2004) » JESFHE > 19595 &7 i #5 (Cornell University )
S OESEE

24 EHER (1915-2001) > @i~ 0 2954 -

25 P S S b FRRLT 5 %pa .
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MM Ry AR IR T HE 28 AR IR N - 2 MG /T I E BB -
BT ~ G - BiREA SR - EBIEInEE T HRUERE - R
B, CERREARAILEEE > TR > RATE > i E)) - AR EE

(EAFEH= 108015 » JE=10"K) - ¥
oy BHEmER » THACKBIERI - AERWEMR T o —
srrprist R A IER TR E T (p 0 BIEUR 7% NI ARV T
(e) (Weinberg, 1993, p. 124) - B ZF b el HMWE 1 - [HE
A BRI B RICENE A o S ERTFHEFR A W& i
(FHAVIRE R 10 102 C RN 10°°C ) -

FHEBTA - SR TR - WEARENNET - BAMEEE
T IE AR TRGET BRI T > 8 TR =T/ s
AHETERL o PTTIAEME T —H 206850 JTRE = - iestiae i TR
BRTH GANSRERE D H, A H, O H; GRORIRERRE © O He,

He) BB » DU FEErItH A Lup) -

HERNAEAEREN (HAR) (Nature) HEEERERSCE - FMIE
FOA R 2 A [ — TR IS IR AR RE - S ARTEE 7 T 2RI R
SCEHT (Gamow, 1948, pp. 680—682; Alpher & Herman, 1948, pp.774—
775) (R TEE3MEEIE ¢ (19654 ) TSRS, B s, —Hi) -

BeAMFE 28 Ofdl [l S HYFFRE 2 © H &K ~ Bl i 18 Ak 8 = E 7
1948 TR ES HY T AL RERY T RSB A28 8% | - i " BAR o il
T TEPREE TR - MR R AR - EEEOTRIVBE -
FRER R ORI L BB B AR 0 BRI - 4575w B AT K

TREM, PTEREERY > G BRI HEREEE ?

PR
ot

26 F}*A&fﬁ[i}%vﬁ‘?jﬁj — Q"J—;‘L“éﬁ > T 1948F LJr"FfI'EIfJEF %ﬂi?'??’ﬁlgﬁg

27 4 TSI SR + 4 SR

28 oo Eig ( deuterium, DF/ H) ~ % (helium, He) - f{l (llthlum Li) ~ I pui
(beryllium, Be ) I} (boron B) fﬂ EVEVR AuE & L T AT [H[ﬂ'ﬁ (1953~
67F ) I & ﬁmﬁﬁ?'”ﬁ UErER éjﬁ



BIORBE ~ TAREE - 80 © Bk 2 130 2 161

(=) So.5MEml &y (19505E4%) < YRGS - BRE%

FERER R IR PR = E AR BT - tiME R —#Esy
EREE RS RREAT MR - BRPHEREE N TR
Bt HERREE (Kragh, 1996, p.173—174; Singh, 2004, p.343-345) |
KIEERFERFIRUR - WRER TP E FEEL 7 e O
S o RERIAATSE A ERZ o TE S AEME AT e AR SR B o (ELfH
TIAMEMEE S - ER B R AR T & B IR R OB - = AR
I T TRRE AR -

FGREN 948 A B AERHEET] > {19494 3152 A\EE (Bondi
& Gold, 1948; Hoyle, 1948 ) - k| EEH#E/\ 7] (British Broadcast Cor-
oporate » fifBBC) =B HFEFBEIF—ERALE -
T lE 45 53§ B A - H G O T TEYIHAE ; (The Nature of
Things) » ASZEGH - EEEECHELERES TSR0 T RIERBHIE |
(Home Service Programme ) E#5 > FHFHEIV/NE » LHERNE TRE
A BARXAE (RFE#E) 4 TEE] (Hoyle, 1950) -

T PERAE T i e o 2 B AR e T MG B IE R E
— T BRAERET o AP S SRR A

r‘ll[l

A ARYE AR 0 15K % (Big Bang) & W EE 3 P Rk TR
09 —18 o 2% EeyBAL R A 0 AR A AR R RFE o

HRGESAELLIETS 12 - 55—Hh > TR “Big Bang™’ ;58
PRI E T AEISFITRGH > Big BangTa Bt pl 7 B Y £

29 g ©ARL (fkd H) (Dead of Night) -

30 3= 1RLBBC &) M SIS RIRAY- 1 o PE B30T -

31 AdpEE RV TR T ’E[}}'\lj\ﬁfﬁgﬁrr HEFEEL T A AR
( the dynamic evolving model ) °
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R > BOBSRER - TRRBIRIGHIZAE Ry H a8 R i — (I B Py L 15%
( Singh, 2004, p. 352) -

B EERERE R E#A G - BIARREE R " 8T
IR THAREA | B EE AN RE H AR R E HR e - SPLimam > 7=
AR T HEURE FREA - mEEEE T ER AR
ISR -

1E19494F » 7L RCEESR B - MERE ORI IRt A2 "1l
B 19JJ48 - FRAM AT AR R a2 KRR 250,58 A1 & - i E
CHERHE S ~ HEE T sy —>al - 5 [ T RERATRIER
fifay ~ T DUSCHTRRE T IRt ~ HBE M -

A lElHE - R BRI R R AR T R R ST B > Ry T
FRRERRES Al |, SRR AT BN S a2 (e - B iE St
HaTim— N EMEH B R EIIRTR - 312 AR R idB T E i A&
BHHE (MR TFHERT R EHEEE T (B1) 1 (AltRd) -
BRI RS TR E  HHERAR NG X
ERGRE  EHREERRREAR T H CRREOTY -

BAHE R0 SME R SRR © BTG & TR - iR A]

R ¢ HEERE RS Y S S 2

(=) H1Alle (1953-675F) : RSN ES

FESROMEIE & - = RESFiG IS & A LA R A
B - RO EARAIR S A=5804=819FEE R T (Kragh, 1996, pp. 128—
130) ! *FRRET e Blgmal H AR L 7 50— HC R S R EREL - )

32 P 1939 RISHEUF U -
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AN TCRAE R B R R TR AR AL - TR T HIREE T R E AR o
FRFE AR EA T 24 -

FE A JE 5 T A R > 5 K B AR A 56 B 1R 3Kl 2 B 0
(Singh, 2004, p. 399) - * fli[ElHlafy ELERATHIEL ~ RIIAIA R ZBE »
R TSRS

LR AE g

bt THER=10RF > HARE | FER=10R FRER
HART

THEH=20R T HAR ) HEH20R FREARERT S
THEH=DR T RAR ) HERDBUR TFRERERT
THEH=ANR T HAE | W R4 R TREAHAT
R R ERORTEREMRE? BEEFEF Lt tas  TE
FWEIE o BERE !

EIRERK A EFHEEREES R e E R BUE TR - E2
HE KRB BN E 00 - Rt — AT EU R R
ERATERL - ARERBUREI 2 BEZ2 M - BAMRUET % - IREISEIK AT LIE
B B EAERETEN TR -

TR RBIR F M2 (A LY 194647 L2 HH 2 8 P S0 T 32 & i &
(Hoyle, 1946) - 19524F » thi7fR " £% , AURERZ(S (E. E. Salpeter) **
R o b CRFEIRRE T ¢ 4, He) WLIGHBRATRRE -

33 [y (5% X (Simon Lehna Singh » 1964317 ) “‘Jﬁ_b;{_}‘flgﬂ’\ i ;I’
E N B
34 FRACEH (1924-2008) o FBIRH BN EPEHRST .
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HA=8 g F1%5 Be* » B FAZAE2.6xX 10" P e dit 48 » (HAER
B~ SRR - G —LERe e sE = ekl 1 EERE T
12, C (Salpeter, 1952) : %

24 He—*®Be* +y

4 8 Ba¥_y12
,He +° Be*—"12.C +y

R PR 1R B 1 B8 0 HE R R I O I 1 %
(2,C*) > FERNEH y SR > Bl RERIBRIR 7% C - JlI

4 8 * 12 k 12
,He +° Be*—12 C*—12C+y

PBFERE ; (excited state) BRIF 7" CHIUTEAE - < IERY
R B AR > R MEERA - IRAANTEHEE (cosmic
abundance ) (YRS - TR ERFAEININEE T 252 ( California Institute
of Technology) it - [efffiFE) (W. A. Fowler) FjE# (W. Whaling)
sl 7IE— SR T RA RV E B IREEE T R BRI TR AE
A BAEE P Y FRIHME P58 W) & (Fowler, 1983 ) -« Sl K 3L
YR T ERIER - B TR RRE R N 2L SRR - R
T ERRIEERAERE - FeiE T TR AL RTE BT E B E A A
fi# (Uns6ld & Baschek, 2002, p.292) -

35 7@%%@%% ST TE L ORL TRREERE L puAREE ﬁ&ﬁﬁ?ﬁ P R RL MR
fIURE -

36 TORIGr=12 0 ] =6 0 WAEIEECTH © SRR () T e Tl
2 CRT A - M ]

6

37 PR (1911-1995) » %@‘W;‘KEWE’?’% » JEGEI1983 5 3 IR PIipISRAY, - B
(192327 ) » 19495 TR S0k Erpﬁ%gﬁ (research fellow ) -

38 @(éﬁﬁﬁ:ﬁﬂ@;ﬁ%mﬁﬂ:ﬁﬁﬁig r;‘,'J7.654MeV o 1MeV (FIFJJ’F%Q I“’Kﬁ ) =1.6x10"
==

‘‘‘‘‘
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FE19574F » UNifE#H — AiBliG (G. Burbidge) Kiw ~ ¥ fhHHh
MEFHEE I /EBFH (4 RIIHET) - #h&E - ERE T
7E A BN 2 1 28 a R AR BRI A ek » BEE TG TREE L
(nucleosynthesis) Pz ( Burbidge, Burbidge, Fowler, & Hoyle,
1957) ° [AI4 - RZ&FE (A.G. W. Cameron) tHIBITIZH T 182 A
FEATURAYE R o YRR L BRI - MR ER - £
BT R BERANEEZ LD SR T HlEhE - HEET
(FLRES-1) - BEXERFAYAIEE (implosion) FMIFEHE (shock wave) BEEE
A T EEHOR RS T -

Ne

He

(@)
Si
Fe

BS5-1 mERIFLEELTEE (Rakd])

IREFA ~ BOE ~ TR ~ S8 - BEE SR I 2 Y JFOR - SR
FE - BRI EEE PR - ERET - DL UE#HTE ) (supernova) HY
e - BRI R R - R RIS -

39 T[JHU?"} (1925-2010) » ¥ A-~Margaret Burbidge (191927 ) » {ﬁjﬁﬁi[ﬁ&ilﬁl&; FES
P -

40 % [# (1925-2005) > LAY PRI o Cameron, A. G. W, (1957). “Nuclear
reactions in stars and nucleogenesis,” The Astronomical Society of the Pacific, 69 (408),
201-222.
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Y S — I E R & 2 TR RIR ARy - FE L R
HE PR ERERABER - A HEFEHRIRTHOE [ E S
(Kragh, 1996, p. 299) ° R EEFZREIRAE Ky TR P BRI - E A A B B
AT - EEER R - LR EAER - 19834F SRR

R L EYUBRERAE o [F]IRE - Mt ABHREGE PR r A R -

TRRBIRINAS T 17 SRR B F » S8 2 — TE 19604 /e 47 Bl
BB - RMIRAMA AT ~ eV - iR E RFAEDL R
Mg —BA% - JIBT T EhE T RGEm T 2

FAE19534F » RH#RIR =N FEAY T a HAL T/ - HERE
ADNARIRFZE 5 [l T 18 5l Ry il FH B 582 &) ( General Electric > fifjff
R “GE” » Hahy TH7 5 ) WIIEE  SiE S M A BRI EA A
Ffi ( General Motors Research Laboratories ) ( Singh, 2004, p. 336) -
TERBIRHINSVS H - HERAREHEGRE (Solvay Congress ) f£19584F
BT PTUEREEE T T EHIRSREAEE o ZaRRY IR A Tk
H1 EhAREREIIAC - MRS LEEAE T 1933 ENERE - TR - HER
FIB A AN 2 N2 5] -

BT E 58 VE RIS RS SR A RE 2 IRRRIR TSl eeAn ) - i
KRISRBIRFE NI ~ EEIFETEANER — BFHAZ » 2L
—FARG » FARS IR LR o H R ARSI E R By
B JROREE RS B A T AR — 2 T -

BARE P EEMASE =R E - EURE 8 &t mT D
TR 2 IR AR BRI B &R T - AAEEE SRSk (R J. Tayler) &1FHY
WEFHARE - FEHPNETEANTRET 2N E T AESE (Hoyle &

41 [ -
42 EIH—%JE (=227 S FwmiE (E. Solvay ) - u[as«ll’}‘#ﬁil@eﬁ@ B = FERE
R T
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Tayler, 1964; Wagoner, Fowler, & Hoyle, 1966; Wagoner, Fowler,
& Hoyle, 1967) - “fE =R 3CEH - MRMIVE —(EE e Ve 755
JE#y (R. V. Wagoner) » flifE19734F 55 7 — R B EEAYSCE » $2 R4
R T R ENEEL - A PERTIRE  HEFaBE
HMTE R A~ A ~ FEWIERE - (& 1IER A #P R ATy T
H PRI Y % 8 - FRREHH A BA A IR - AW S TR B
( Wagoner, 1973) -

() SE2Mmley (19616F) : id 5

FRWHH T B R PR T — Rt - MW THEAMS EEK
Bgany - S RERBAENM T 5 EE,  (the Cosmological Principle,
1933) - “fRfGEHEAGRARE ¢

fash CRRP) IS 2 AT IS » F %A RS A & — 18y
( The world must appear the same to all observers, irrespective of

their positions ) (Kragh, 1996, p. 92) -

fE B~ bR AR R EME— AT ol - SHA
P - (BRI - B 220 el U2 AR 0SS P B |
HEREAR AN FEH PG - FHBRLAT L - FHFEHEIEEEN
FEHERY AR HERR - BEIRMIRESIHAEHER B BINVIR S > HESW 2] T H (T
faf—pRit )5 - HEAE "SRR ES I ER ) — it B ER
fEWE] T THERIR ) o CASRSRE T R

43 F (1929-1997) > HId 5 -
44 l—“i'ig‘f”ﬂé o (125 %Y LL © On large spatial scales, the universe is homogeneous
(Hzpy) ancf isotropic ( Fﬁ[ﬁj ffilfEps) -
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TRREHEMIRIY EE S B0 T 58 T HHIE B, (the Perfect
Cosmological Principle) » 58k T HAMEAEZE M EAVREEREETE - H
TR EARECR S - EERU A SR RABAE | TRRETH T RE
IEZ T M TSR pyHE o (IS HIEIRARZE TH, 195 7

filIZg B R 2 MBI - BEAEREBE2SABIAE A SR FshER - 35
HAD B RIPEEFEREAC BB HEE - WAMTENEELEE RIEL
Bl HEE TIRA ) EMTHEERTY RS - BB TEHIREE > W
T HRVER - FR - RBFNEEANZH - KILE 8 2 R
FEFRAMHRARET B > BT m] DUHERR H S 258 = i T 3 1

WA AR BRI AT & - 75wk B e S T B B O RE R AR 2
oo HRBREHGRNTEEFHERE - B~ S T DI
i B PR REAHE - AEWEET

BIFEREHIIER (M. Ryle) ETRREHERIIIEATE - “19614F »
ME M3 B RIS ) [The Third Cambridge Catalogue of
Radio Sources (3C)] s3fifEiiE &% ~ i &5l ~ 159, WARF
BRETHEE - RRERMHEIRYIR S - SRER B ARD ~ @ik
RELAE - 1 H BN AR S R SO BUB IR G A » AR DS BT sk
e o (BB BB RS - MR ATRGHE - 1 HERH 2R
FLFEIEE ~ SERIAIEIN - I8 T 5 ERR TR ) BBLE B
el -

HEREBIREEN SR RN EN T EERWEER

(quasar) - EfI MR ARE TER ~ T, | 78196245845 -
RIERGZBEH - (EHBREIEE » U RmAv A 83 C 273 i BR24.4(5

45 ;—ﬁw (1918— 1984)jg_F H«d/ SRR o [T ;E”JESO%P wf«fq«?ﬁ‘ P ik 5 0 B
SO BEIBEAL  E RS :E SRR SRS B R o e b
e

e R
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JEH - FHERRHEIRE DT LS > B R 130f8004 - RATHE
IR R T LAY BB

2R GRS - THERN MRS > H5HE -
BBJPs  BESIXIT & & RS R B R - (HAEAYSRERSSE AR H #tl -

(h) F3flley (19655F) © "R, M5
FAE19484F - [ B iR p & 5 F - EEBIEIRERGERE (HR)

ERFERBZIR PR T EGIR - MRS - TEBEAEREAES K
(-268.15°C) » *H T HF-#eA/2380, 0005% > IHEREZES, 000 KIFf - J7
RLANER 7RG & Ry TR T o KBRS 15 DL F St A 5 e 8% - B
AR - SRR AP I - Al MR fat > S LR S
A5 RS Ki TGRS, - FrLL > BEMRESK T RN ) 22
B G B RS o HR MR A IR RSB R AR EE T SRS - b
MAEIEERFE (Singh, 2004, p. 334) -

BT AR N TH T - REAAABRE LY AR

ARETAE A o

1964482775 nillr (A. Penzias) FIEE#E (R. Wilson) SER% | —
AR TR A SEESE - SR AR R S T EORH SRR
PRI AR - AT Ry B B AT 2 N A NG Ry - (H SE R
Y B EST&  HRBEBEIHIEES - RSNy

46 KhL TA6%REE | (absolute temperature ) fIUHTAF o x KEHEH (x - 273.15) °C -

47 TR Ei“We expended a hell of a lot of energy giving talks about the work. Nobody bit;
nobody said it could be measured” °

48 BT (1933317 ) Ar@sess (193624 ) ﬁfﬂ%@WEJ@?ﬁ:ﬁéﬁ'ﬁ%’?ﬁfiﬂ’
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BB 5 (R, H. Dicke) KBy » ks IS 3RMAM - S8Ry EE
HIEREHCOZREEK ~ S T iF R FHME S 5 (Cosmological
Microwave Background » fi§fECMB)

JF AR BRI PIRE & BRI » BRI ST » IR AT DI R YRy
B AR AIYIRE R REK » SOt ey —1E - RSB
K o FEEHBIFR G B A E AR SRS 3.5 K (R#fE © 2.725 K)
ARG P S AR » & TR Pl T AR B = P - 1 S -
ERRTFHER AR ERENN TRE - BHAERHIE B
AR RS RYT -

1.2

1.0

0.8

0.6

0.4

3% J% (10 ergs / cm? st sec cm'™)

e
o

5 10 15 20
#7 % (3x10' sec)

[85-2 & COBE#T 2 A% FT 384 F 5 MOLH 73594838

e
<

SITTTI

R TR E RS IE 1 978 3 H A A8 - HERI{EXRE RS
an BB IIEA (E. A. Ohm) FAE196 15 A S (B 1« Al

49 kY (1916-1997) hLF BUERPEESSF - FFTf e -

50 I i (P[RR G Fr 2 IO AL RS o RIS (PSS H L) IR R
i (SK) el il (2.725K) [ 20 B o S Bl WIEIORIET 2 g
(LRI R Al -

51 4 'hitp://commons.wikimedia.org/wiki/Image:Firas_spectrum.jpg » fiff | [l
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TERIRAER 2 5 R RS A E - (AR DA REE AR
BT KRR -

fER AN - BT RSS2 SRR IS R E AR - Z4E
e — TR RE B G — Sl - e — A IR - W5 i
fH - 20004F > FEEfFE ~ MmAlGFIE® £ (J. V. Narlikar ) 2
BT —AE o G TR RIS RE Ry (quasi-steady state model )
(Hoyle, Burbidge, & Narlikar, 2000 ) ; {H A" #EEMNEE T ISREH 2L
A AR5 E T R -

S 3 Al SRS A S T EE RO RE A A R AR Y A S SRS
(1965%F) - BBKE » SSHIEAHE -

ARE 3N RE S

A F e 19484 B G » EI52 75 n By R B AER NS 19784755 Uil
PUERERAS  SEGHSUARE I - R 7304 o FATAT LIy FR AL
B> REEGE -

(=) BEMGHEORNZ ~ 2hEB Y - HEREE - SFRRE - SR
kP VIS - PR H E Ry —#r o [HEBETSRES
HEETHERED - A ERBEHS - £FA& (J. W. Follin, Jr.)
AT BT A A B S IR SE - FE19S3EE SR T — IR H AR
( Alpher, Follin, & Herman, 1953 ) - FH 4 H i H 2 5 (15 K
(E. Fermi) FI#EMEAH (E. P. Wigner) AL TIF3&M8H > TiRi& k@
BA=5, 8 I EEEERE - ¥ B ABEIE - ZRBEERAE 1953 2 1% - 8

52 £rgg ik (193827 ) o

53 4F (1901-1954 > JE19385 F [I g PrEllg ) 22 (=505 4 TV H 585 (Anthony
Turkevich ) 7.5 [ *5 (University of Chicago) 7 {%: 7&tX%A7| (1902-1995 » &
1963-?‘%5"&‘;’4’%}?:&;@\) Ti?i ﬁiﬁﬁ*%ﬁﬁﬂ’?{%@@‘fl=5,8F'<’Jz”—,%’iﬁ ’ ﬁﬂﬁﬂﬂ!?‘f o
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R 7 EERH R - MERMEIEA - T AR R BT -
HEEREIDNAZEE T B8 - fin (AR = A T TR FTRAS - #0
SRV EEVARIEv/N  SHET N

(=2) Bl B BT "B R

TR ARSI o SRRy T A R A T A —
ks o HERRIKEEANZ - A SREREE ? A E B RIEEE
R AR ) BIRERR 7

(=) BREPLEMER - PREDEE - BTA

SREHEREENY BT HNE A EAMRCE - TREREE
EREFEOTER > FIEE RN B FHICR G R - — R ST
K> HEREE S - ESHEERERRA TR IR ~ ARS8 -

(P9) =i " PRORIBT R HESE .

NG T BB R ) o KB R AR R B R R T R
o [FIRFZEE TIREHGR - 2H8LE R FERIIRA R T
HEm A A o TS B R A S R SRS HE S R SR 5 [ BIAnEE 3L
(R. V. Wagoner) ] » BEETREIREIERS (PINEFEHAAL) -

() TPEssEe

BT AIA R =2 1948 AERIHHY (HR) MEEERRCE - il
i T RES ) (Alpher & Herman, 1948) « {HAE19644F 275 ni i
FE R E RN FIEE S PR — ko i —th T A
T o AR AT T RS &R P
BIKTE AR » AR Gl - ERASEE - MK Eh—E L
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J3 0 PR SR 2R S T - [FRAEE S L JRouiRf
AR ~ HEE 2 AR LR - KouiE T FHE REN ) R
XER Rz B IR AR ~ S S e 1948 FTHI - kR A Ak -
HER A AR SRR AR E AR - EEE A rT DU B
NI - > 55— T3 iRfEk% (S. Weinberg) > S HMATHER IERETH
WIS SRS E BRI EE (Weinberg, 1993, pp. 124-125) -

H IRE Y P G R SO BE R BRI AR R BE P EE AR 55 H O R Y
"HRER  AA R ESREREN AR S o flana Rk
(Google) - FEERZHAF A SRR - P E A6 & 852 1 MR8 R
AAVHIRHE T2 EE - BRI AR FERA Y SRR - At

RS T — R BIERAE - URBEEE H R AS IS, -

EPHBIREEEE HMSE - 312 AR B A TR & R i
HERCESE SR - M T RIRry IR - m BATE A
e RIS T RehR (2 .C*) o BURELARE D) - X
TS IR FHIRERE (energy level) » TTARIEH T - BHAMAHCHY
FTE BT RS EERAY AT o SRR T O B SR e E s -
HENRIMES 736 HisE - m Hbscthia 2 - — B AEEE
TRV - B RARE —RLEARRIER S IRt R = A E
A L FHEEIE ?

1974%F » PR#fETR (A. Hewish) DUIRTE 2 (pulsar) BFEHUS T34
s - ©E PR AR E M A E R RE S - FEGE

M E R RMERI LT 5eE HEE (). Bell) » HAGRMKILER 73#HE

54 D' Agnese, J. (1999, July). The last Big Bang man left standing—physicist Ralph Alpher
devised Big Bang Theory of universe. Discover (online version) ; 3 FF[* T 7}
(Dudley Observatory ) Isji 1" = & ]%FHP'FF.J Elfifa%jrﬁ fﬁ'J“k"d/ 3"?%'55,& BT ?BF’LFJH I ﬁFTFi
ST PR  FREREA S S o
55 HFIRS (193337 ) » ZBIPERIES > S 19795 3 F IR Pupl sy -
56 M‘E%%F (1924707 ) sl S~ 2 559
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MZE® (“Nobel”, 2009) - B EEECAIGAR - BRMAFE - 58
ALERTAGT LTS - BVAIRLZEEHC - HEXKEME S
(1968) mSeifHikE 22Tl feMrh T2 © EaiASERE i
HEgh, EmkT -

19724F > RIRE R E J= HE 1<l 5 1E S8 38 BE PR B R SO X e
BT MiET A BRI - AR AR B - BUIF > B2
20014 KR 1k © 19744F - HEFT LS ROCERRRETHIERR - BEORHEDR
[FJEn HE s > (HEGEOR I - B R -

£~ MEr gk

MRS RTE T Bl R | AR EAE T TR
FE19984F B R AR - MR & B 2R e - %8
FHABRARIR - I ERSEEIEAER | ESEa » EMsbEr i
o> WABRAEBR SRR EEE 2 AR s T r] R o TRRR
BRI G AR B R0 R R R RE

20064 > 3RS DL b g (8 BT 72 4 19 = 7 K SC 58 52 3% % fr

(S. Perlmutter) ~ *3FI[H#r (A. Riess) *FIffi>kik (B. P. Schmidt)

57 = *i}}?p?’r&'ﬁuﬂﬁ" (spectrum ) [ETT NWT %KFI%’J Ta 2] TR R
e ﬁ'“' I VB M T T T © % fsuuéf; L
ORI - Il fﬂg U Wfé s o A I
Fj"Ll °’ E”E“‘Eﬁ * L‘?@ i 'uEJ Aol [FD-T}‘J@{'ZNE{JD

58 L'% -‘F' ( 1959 i' ok ) F Y VI *WTEI p‘.J # 57 #% (University of California,

erkeley) PRI S SASHI, ﬁj—ﬁﬁdi EESl @2 (Lawrence Berkeley National
Laboratory ) F FOFSIE= ﬁ r’@ﬁ?’r@'?}lf%ﬁ»ﬂf 52 (Supernov Cosmology
Project) °

59 FIE (1969-F7 ) o %;WE"E;?TE@J,\%'@E%W%W?RQ/ e S %i}%ﬁé—@léﬁ:’?ﬁ‘\
% (The Johns Hopkins University ) % » rﬁ[ﬁi%‘%?’rﬁ' =%, (High-Z SN
Search Team ) EIF,'I o

60 A5k E (19677 ) o PV A5 (Australian National University ) %% » = Fﬁ
rﬁr‘ﬁf’*f?ﬁ%&'%g@'@ g
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HR TSR IR B RN - BURENBE G E BT (RS -
ZEHRIRE R B ETIARRINE | » O SHEALR KR R SCERIE « T LB
FOFT AT ELHE SR - BT ARSI TEE] ¢ ©

TGN AR 58 R T " W5RE& ) (dark energy ) FUTFAE -
TERBIEEL > FEATEYERZTHAMEGWERN—/NE
5y MFHENREYE L2 THNME TERE ) I—/NEBs - CRE
EEREMEBNMGE - FHAGI%ETEYE - 23%2ERAE
B2 E g 2ny " EYE , (dark matter) - [ 73%78 RE R RE &

(Hinshaw, 2009) !

— {18 PR E M R 1 i L R I P B IR BIT SE A B 4R 2 S [T £
FHEHA - CEFBOTLIRK 8y » Hp 2 — TG HE =AY
& o EREEE T HMEBIN IS AR T HT 21

ERARR | BALERERE SN fEFHIRRE - e R R
REfsahn (“Dark”, 2009) -

A
=

AR -

FHEEEFEMFCRAT G - DIERRIUS 2 - ST H sz
Rt - RPN - BERISRERIGRTY [ Se s T e B ) i -
FHESERY T T R B ARE - DU RIBRERAIEE T -

R A AT > IR REME R A 7 HAVZEN - TRRREAE %
AR AR - E 2L o TS -

Fﬂ

61 2 A mj\qjq{ﬁ EI : http://www.shawprize.org °
62 [fl H= o

[ I Tll r J:E | F‘? SRS TR 'Fi‘iﬁi@EZrncz I £Ji:l IJ]EJE i s
FoA. 0 FW |HE F@‘rH:J BERLI) AR TR

i Ww”ﬂyJ*ﬁ‘* wﬁﬁﬂ~iﬁ E i
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TR ERAY IR SR A R A R S R AR AN
SERERIL o EEAREAT ¢ S RAE/ IV IIER BRI YBE R - TR
WMITERERH T - BERIERAVZZM ~ H2EFEE ~ (HEF) M
REHE -

BRESRL. 2 bk B B A o T Wy o 2%

TP
( The Big Bang Theory, BB )

TR i
( The Steady-State Theory, SS)

EEFT (M<4) HEEE -

BBJi -

T8 THAR J BRAAE TRk -

REND HEk (G. Gamow) Pl (Sir H. Bondi )
P48 (R. Alpher) X% (T. Gold)
Hifitd= (R. Herman) FEfHE (Sir F. Hoyle)
P R EREEHNA/N A ATRE A
(EEFHEE)
AEREHR AEREAR
TEIE T - PRI
(ERTIEAREAN) -
Frifmrg 19484F :

19494 :
T HIRIBBCRE R -
SSIUFFE HRFF] -

1953574
o~ ERETERNES -
SSSEFEM ¢« HEEBBF A
2RI ?
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(%) 3 BRIER
( The Big Bang Theory, BB ) ( The Steady-State Theory, SS)
T 19614 :
B THERNSMG > 5| SSIRAH R 0 HIE R
il - BBIS - HT e
19654 :
FHIMETS SRS - BBRES (SSTHEERTE " 585 F A5
19784F : JIRERRE - )
G2 nr R R R LA 3
B o FEE A S A T A R
BRVETE o R R EO R
24 E8H
B HEH

L BEREE (2006) » CREAREIL) - & @ AP HNL -
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is the creation of people who can think independently and reasonably, act
confidently and responsibly, and interact with other people with consideration
and flexibility. Harvard College, an educational institution of international
repute that unreservedly promotes liberal education, states succinctly:
“Education at Harvard should liberate students to explore, to create, to
challenge, and to lead” (President & Fellows of Harvard College, 2009,
para. 2). So conceived, liberal education requires students to master a wide
range of skills and build up a broad base of knowledge to enable them to cope
competently with the complex modern world.

General education, as a distinct component of liberal education, plays
a major role in fulfilling these requirements. By studying a structured
spectrum of non-major subjects, students are expected to have their horizons
considerably broadened. Among other goals, educators aim to “[prepare]
students for civic engagement”; “[teach] students to understand themselves
as products of — and participants in — traditions of art, ideas, and values”;
“[prepare] students to respond critically and constructively to change”; and
“[develop] students’ understanding of the ethical dimensions of what they say
and do” (President & Fellows of Harvard College, 2007, pp. 5—-6).

Developing critical thinking (CT) skills has long been a central concern
of university education. The general education goals mentioned above all
presuppose an ability to formulate clear, rational thoughts and judgments.
Thus, “how to think well?” or, more to the point, “how to think well in a
critical manner?” is a central question in education. In addressing this
question, a more general approach may be taken — such as through the study

of logic — or a more specific approach — such as by studying particular
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subjects like sociology. Both approaches have valuable things to teach us
about thinking.

In the following sections, the two essential components in the
development of CT — cognitive skills and affective dispositions — will
first be explained. The author’s own experiences with the process and some
important resources for teaching and learning CT in general will then be
discussed. Finally, some key issues in teaching and learning CT in a specific

subject, and useful references, will be introduced.

What Is Critical Thinking?

CT has been defined in a number of ways by its prominent scholars
and practitioners. At its core, CT can be defined as follows: CT is a mode
of thinking focused on judging right from wrong, distinguishing truth from
falsity. This definition is admittedly a very simple one, which only stresses
two core objectives of CT while ignoring its other rich dimensions. However,
it serves to delineate CT from other modes of thinking. For example, creative
thinking is a mode of thinking focused on generating innovative ideas (e.g.,
the kind of thinking that takes place during a brainstorming session to come
up with preliminary ideas for a new advertisement); affective thinking is
a mode of thinking focused on effective communication or the sharing of
feelings and emotions (e.g., the kind of thinking that takes place during a
warm gathering of old friends); kinetic thinking is a mode of thinking focused
on rapidly controlling and adjusting bodily movements (e.g., the thinking that

occurs during a soccer match); and so on. Our daily mode of thinking (or our
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mentality) can be understood as a complex mixture of these various modes
in various degrees.
The following clearer and richer definition of CT is given in an

outstanding textbook on the subject:

Critical thinking is the general term given to a wide range of cognitive skills
and intellectual dispositions needed to effectively identify, analyze, and eval-
uate arguments and truth claims; to discover and overcome personal prej-
udices and biases; to formulate and present convincing reasons in support
of conclusions; and to make reasonable, intelligent decisions about what to
believe and what to do. It is disciplined thinking governed by clear intellec-
tual standards that have proven their value over the course of human history.
Among the most important of these intellectual standards are clarity, preci-
sion, accuracy, relevance, consistency, logical correctness, completeness, and

fairness. (Bassham et al., 2005, p. 28)

One remarkable feature of this explanation that particularly interests us is its
distinction between “skills” and “dispositions” for developing CT, which we

will discuss in more detail in the next section.

Developing Critical Thinking — Two Essential Components

A reasonable question we should ask when considering the development

of CT is: Are students able and willing to think critically? If a student is

able to think critically but unwilling to do so, then she may not be properly
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educated to make good use of a valuable ability; if a student is willing to think
critically but unable to do so, then she may also not be properly educated in
CT because of the lack of suitable skills. Only when a student is both able
and willing to think critically could she be said to be a properly educated
critical thinker. Roughly speaking, that part of the question relating to ability
corresponds to cognitive skills training, while the part relating to willingness
involves the cultivation of affective dispositions.

What are the cognitive skills that should be trained? What are the affective
dispositions that should be cultivated? A representative and authoritative
study known as the “APA Delphi Report” (Facione, 1990b) offers some
answers. “APA” stands for the American Philosophical Association, which
is the main professional organization for philosophers in the United States.
“Delphi” refers to the Delphi Method, which is a well-established qualitative
research methodology for generating a consensus resolution of matters of
opinion. The title of the report itself is “Critical Thinking: A Statement of
Expert Consensus for Purposes of Educational Assessment and Instruction.”
For this study, the APA collected the opinions of 46 CT experts in the U.S.
and Canada concerning their conceptions of CT, and analyzed them by the
Delphi Method, in order to arrive at a consensus on the nature of CT. The
resulting Report is intended to provide useful references and guidelines for
the purpose of educational assessment and instruction in CT. The Report is
rather long, but there is an “Executive Summary” (ES) of it, which can be
downloaded from the Internet (Facione, 1990a).

According to the ES (Facione, 1990a, p. 6), the experts arrived at the

following consensus list of CT cognitive skills and sub-skills:
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Table 1
The Consensus List of CT Cognitive Skills and Sub-skills

SKILLS SUB-SKILLS

1. Interpretation Categorization
Decoding Significance
Clarifying Meaning

2. Analysis Examining Ideas
Identifying Arguments
Analyzing Arguments

3. Evaluation Assessing Claims
Assessing Arguments

4. Inference Querying Evidence
Conjecturing Alternatives
Drawing Conclusions

5. Explanation Stating Results
Justifying Procedures
Presenting Arguments

6. Self-regulation Self-examination
Self-correction

The Report and the ES have elaborated on these skills and sub-skills, which
we will therefore not discuss here except to make two observations. The first
is that it is easier to see how the first five skills and groups of sub-skills
are connected to the conception of CT sketched in the foregoing section.
The second is that the last skill (self-regulation) and group of sub-skills
(self-examination and self-correction) are regarded as “meta-skills” of a
sort, meaning that they act as skills for acquiring the other five groups of
skills. The idea is that acquiring and improving these five groups of skills is a
difficult long-term (even life-long) process, and if the learner expects to make

progress in this endeavor she needs to observe and control her own thinking
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and behavior from time to time. Hence, the necessity of developing the skill
of self-regulation and the sub-skills of self-examination and self-correction.
The ES pointed out that “[t]he education of good critical thinkers is
more than training students to execute a set of cognitive skills” (p. 14). This
raises the issue of the significance of cultivating suitable affective dispositions
for a genuine CT education. Decades ago, John Dewey, one of America’s
greatest popular philosophers and educators, made a similar observation on

the importance of the affective dispositions:

If we were compelled to make a choice between these personal attributes
and knowledge about the principles of logical reasoning together with some
degree of technical skill in manipulating special logical processes, we should

decide for the former. (Dewey, 1910; quoted in Facione, 2009, p. 11)!

By “personal attributes,” Dewey meant something similar to what we mean
by affective dispositions. In a sense, he even placed dispositions above
skills. It seems that what Dewey was really saying was this: A learner with
good dispositions is a well-motivated well-prepared learner, so that she can
learn the skills very independently; while a person trained with the skills but
without good dispositions probably would not be willing to apply the skills
or would not apply them for correct purposes.

Is there any consensus among CT experts about the dispositions?
According to the ES (p. 13), the following is a consensus (83%) list of CT

affective dispositions:

1 Facione (2009) is a clear and popular introduction to CT based on the findings of the APA
Delphi Report.
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The consensus list of CT affective dispositions

Approaches to life and living in general:

inquisitiveness with regard to a wide range of issues,

concern to become and remain generally well-informed,

alertness to opportunities to use CT,

trust in the processes of reasoned inquiry,

self-confidence in one’s own ability to reason,

open-mindedness regarding divergent world views,

flexibility in considering alternatives and opinions,

understanding of the opinions of other people,

fair-mindedness in appraising reasoning,

honesty in facing one’s own biases, prejudices, stereotypes, egocentric,
or sociocentric tendencies,

prudence in suspending, making, or altering judgments,

willingness to reconsider and revise views where honest reflection

suggests that change is warranted.

Approaches to specific issues, questions or problems:

clarity in stating the question or concern,
orderliness in working with complexity,
diligence in seeking relevant information,
reasonableness in selecting and applying criteria,
care in focusing attention on the concern at hand,
persistence though difficulties are encountered,

precision to the degree permitted by the subject and the circumstance.
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From the experience of an experienced critical thinker, it should not be
difficult to see that the above are valuable attributes that can promote the
good practice of CT.

There are mutual interactions between cognitive skills and affective
dispositions, so that both components must not be ignored. They can work
hand in hand in a virtuous circle — competency in skills can strengthen
favorable dispositions, and strengthened favorable dispositions can in turn
enhance further competency in skills, and so on. By contrast, deficiency in
either component would instead result in a vicious circle.

After briefly reviewing aspects of the rich content of CT, one should
then begin to understand why the consensus statement regarding CT and the
ideal critical thinker arrived at in the Delphi Report would be elaborated upon

in such a detailed manner:

We understand critical thinking to be purposeful, self-regulatory judgment
which results in interpretation, analysis, evaluation, and inference, as well as
explanation of the evidential, conceptual, methodological, criteriological, or
contextual considerations upon which that judgment is based. CT is essential
as a tool of inquiry. As such, CT is a liberating force in education and a pow-
erful resource in one’s personal and civic life. While not synonymous with
good thinking, CT is a pervasive and self-rectifying human phenomenon. The
ideal critical thinker is habitually inquisitive, well-informed, trustful of rea-
son, open-minded, flexible, fair-minded in evaluation, honest in facing per-
sonal biases, prudent in making judgments, willing to reconsider, clear about

issues, orderly in complex matters, diligent in seeking relevant information,
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reasonable in the selection of criteria, focused in inquiry, and persistent in
seeking results which are as precise as the subject and the circumstances of
inquiry permit. Thus, educating good critical thinkers means working toward
this ideal. It combines developing CT skills with nurturing those dispositions
which consistently yield useful insights and which are the basis of a rational

and democratic society. (Facione, 1990a, p. 2)

Teaching General Critical Thinking Courses

By “general CT courses,” I mean courses aimed at enhancing CT ability
generally, under any circumstances, not specifically within a certain subject
or discipline. In this type of course CT is taught without a specific subject
as a background; rather, diverse materials are used to illustrate the general
principles of CT. I have been teaching this type of course for some years
and would like to briefly discuss my own experiences in this section. The
discussion will be divided into two parts — the first on cognitive skills, the
second on affective dispositions.

When teaching cognitive skills, I generally cover the following four
areas:’

A. Meaning analysis

B. Logical skills

C. Scientific reasoning

D. Fallacy analysis

2 Ifirst learned about this framework as a student of Dr. Tien-ming Lee’s courses, as well as a
reader of his books. But my presentation of it below is my own understanding and involves
my own synthesis of his framework with other CT materials. He would not necessarily
endorse the result. Apart from these four areas, I will sometimes also touch on a topic such
as “cognitive biases,” which is related to fallacy analysis but is more akin to psychology
than to logic.
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Although the categorization of these four areas does not exactly correspond
to that of the skills as put forth by the Delphi Report (interpretation, analysis,
evaluation, and so on) as discussed in the previous section, it is not difficult to
see that their actual contents have much in common. In fact, notwithstanding
their differences in labeling, categorization, or format of presentation,
different frameworks proposed by different CT textbooks or scholars are
generally very similar in content.

When teaching meaning analysis, my central message to students is the
importance of using language skillfully and appropriately for correct ways
of thinking. Examples of topics that I would cover are “the clarification of

99 ¢

meaning,” “using and evaluating definitions,” “linguistic pitfalls,” and so on.
The treatment of linguistic pitfalls concerns analyzing defects in language
that are harmful to correct ways of thinking. One type of linguistic pitfall
is “conceptual distortion,” in which the distortion of existing meanings of
terms results in mistaken or misleading ways of thinking. Below, let us briefly
examine an example of conceptual distortion.

Thich Nhat Hanh, a famous expatriate Vietnamese Zen Buddhist

monk, commenting on the state of existence of Buddha, made the following

analogy:

... farmers have already planted thousands of seeds [of sunflowers] . . .. The
sunflowers are there. They lack only the conditions of sun, heat, rain, and
July. Just because you cannot see them does not mean that they do not exist.

(Nhat Hanh, 2007, p. 42)

Are sunflowers something transparent that cannot be seen by human eyes?

Definitely not. In our normal use of language, what would we say about
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the situation described by Nhat Hanh? We would say something like “The
sunflowers do not yet exist although their seeds have already been planted.”
Would we say that some cooked dishes already exist when actually only
some raw materials for cooking have been prepared? Definitely not. So why
did Nhat Hanh say such a strange thing? Would there be some deep hidden
meanings in his words, concealing some deep hidden truths? Would there
be some deep hidden meanings in my words if I said that the cooked dishes
already exist? Under our existing use of words, my statement would either
be clearly false or still need to be assigned some meanings that would make
it true or even profound.> Nhat Hanh’s statement should be treated in a like
manner. Suppose, reasonably, that Nhat Hanh did not intend to say something
so obviously false. What, then, did he actually mean (if anything)? I do not
know and the context reveals nothing to me. Even if Nhat Hanh had really
meant something special (which is doubtful), his way of expressing his
meaning — by using common words while intending an uncommon meaning,
yet without any indication that this was the case — can be taken as a case of
conceptual distortion. Words should be construed under their usual meanings,
unless otherwise indicated. For readers, Nhat Hanh’s statement could have
been a way of distorting the usual meaning of the word “exist” with regard to
non-transparent objects.

When teaching logical skills, my central message to students is that
such skills are useful and applicable to daily reasoning and argumentation.

Examples of topics that I cover are “argument analysis,” “deduction and

3 For the sake of simplicity, I ignore the problem of the possible case that the new meanings
assigned to the words are totally unrelated to the original meanings. There might be a
problem of the illegitimate assignment of meaning in certain linguistic contexts.
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induction,” “propositional logic,” and others. Let us briefly examine an

example of argument analysis, but of a somewhat special type of argument
— a “visual argument.”

Information conveyed by visual images is very common, so that students
should be taught to analyze their argumentative content in addition to the
usual arguments constructed by words. The figure in Groarke (2007, section
10) shows a poster promoting a certain brand of wine. Students may be asked
to discuss common questions of argument analysis such as:

A. What is the conclusion?

B. What are the premises?

C. Isita good argument?

A suggested solution for the first two questions could be:
Premise #1: 1f you add vodka to your life, your sleepy life will be

transformed into a life of cosmopolitan excitement.

(mplicit) Premise #2: A life of cosmopolitan excitement is desirable.

Conclusion: You should add vodka to your life (i.e., purchase vodka).
Although there may be room for disagreement on interpretation, it is still
instructive to motivate students to clearly state the content that they perceive
from the image. The last question can be discussed by introducing the students
to some elementary conceptions for evaluating arguments, such as the
plausibility of premises or the logical support of premises to a conclusion.

When teaching scientific reasoning, my central message to students is
the usefulness and importance of applying scientific methods for solving

empirical factual problems. Examples of the topics taught are “common

4 This example is adopted from Groarke (2007, section 10).
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marks of pseudoscience,” “the hypothetico-deductive method,” “hypothesis
and evidence,” and so on. Below, I discuss an example, drawn from daily life,
which shows marks of pseudoscience.

That the demarcation between science and pseudoscience is a crucial
topic in CT for the modern scientific world is quite obvious. Because of the
great success and huge impact of science (and technology), labels such as
“science” or “scientific” stand for reliability and quality to the general public.
Because of this, many pseudoscientific products or inventions or ideas — i.e.,
something that is said to be scientific but that is in fact not scientific — would
be labeled “science” or “scientific” so as to attract people’s attention. The
abuse of such labels is indeed serious nowadays. Critical thinkers must be

equipped with useful conceptual weapons to defend themselves against such
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Figure 1. An Advertisement for an / Ching Class

pseudoscientific enemies.

(Email promotion, Jan 24, 2008)
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Figure 1 above shows an advertisement for a course intended to teach
people how to use an ancient Chinese classic, the I Ching, to help them predict
trends in the financial markets. Two items should be noted in the message
when assessing whether or not the course is pseudoscientific in character.
The first is the claim that the method followed in the course is scientific,
which is suggested in the title of one of its topics, “The Scientific Nature of
the Predictions of the I Ching.” This is important, because for something
to be pseudoscientific, it is necessary that the claim first be made that it is
scientific. “Pseudoscience” should not be confused with “nonscience.” A
pseudoscience is a nonscience, but a nonscience may not be a pseudoscience.
Art is usually not claimed to be a science, so although it is a nonscience, it is
not a pseudoscience.

The second item of note relates to a common mark of pseudoscience,
namely, the violation of well-established scientific beliefs. Inthe advertisement,
the smallest Chinese characters in the text first state that even experts of
financial markets mostly make wrong predictions about market trends. An
explanation is then provided for this situation: even experts can only make
predictions about the future based on past or current information, but not
directly extract information from the future.® This leaves the impression
that its method is superior in that it can directly extract information from
the future! Nevertheless, proclamations like this one can only reveal the
writer’s ignorance of science or, to us, the pseudoscientific character of the

course. Anybody who is knowledgeable about the rudiments of scientific

5 The Chinese original: SHf&FEHIAIRE: -
6  The Chinese original: F¢H [ [KI3E Lb B 52 AR 2 AR P50 75 BRI & (3 2R HERT R
HeAIEE IR IE H IR E S -
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methodology should know that even science can “only make predictions
about the future based on past or current information.” The result is simply
weird: the method is both scientific as well as “super-scientific”!

When teaching fallacy analysis, my central message to students is how
common fallacious thinking is in daily life and the significance of avoiding
it. Most of the common specific fallacies (e.g., hasty generalizations) are
readily classifiable into a four-division general framework, constituted of
the components of the “fallacy of inconsistency,” “fallacy of irrelevance,”
“fallacy of insufficiency,” and the “fallacy of inappropriate presumption.”’
The four general concepts of inconsistency, irrelevance, insufficiency,
and inappropriate presumption are themselves useful critical concepts for
identifying and analyzing fallacy in a general preliminary manner. Below
is a brief examination of a real-life example in which the specific fallacy of
strained analogy is committed (or, at least, is seriously suspected of having
been committed).?

In 1998, the Master Settlement Agreement saw the major U.S. tobacco
companies agree to pay $246 billion over 25 years to settle lawsuits filed
by U.S. state governments accusing them of damaging public health. Later,
some people raised the accusation that U.S. fast-food manufacturers should
be the next target, since they also make products that are harmful to public

health. The argument may be presented in this standard form:

7 Ilearned this framework from Dr. Tien-ming Lee’s works. Again, he would not necessarily
endorse my interpretation.

8 This example is adopted from Baggini (2008, p. 260). The fallacies associated with
analogical arguments have more than one dimension. The one I will discuss here is most
suitably classified under the fallacy of inconsistency. The reason for this is that the argument
to be criticized below is based on a requirement for consistency (as expressed by Premise #1
below), which will be shown to be one that cannot be fulfilled. Also, it should be noted
that another common dimension is concerned with irrelevance — irrelevance between the
analogy made and the conclusion drawn.
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Premise #1: Both U.S. tobacco companies and fast-food manufacturers

have made products that are harmful to public health.

Premise #2: U.S. tobacco companies are punished for that.

Conclusion: Fast-food manufacturers should also be punished for that.
This is an analogical argument based on the analogy expressed by Premise #1.
Is this argument convincing or not? No, it is not, because the analogy is a
strained one, which can be disclosed by a closer inspection.

The two cases of making products harmful to health are essentially
different. This can be argued from at least two perspectives. First, there is the
distinction between “intrinsically damaging to health” and “damaging only
when misused.” Tobacco contains substances that are intrinsically damaging
to health, meaning that no matter how small the amount taken, they are
still harmful to health, although in a smaller degree or probability. But the
substances in fast food that are commonly claimed to be harmful to health
— e.g., fat, sugar, and salt — are damaging only when misused, meaning
that only when they are taken in excessive amounts would they be harmful
to health. After all, our bodies need them. Therefore, are the customers
themselves responsible for eating too much fast food by their own choice?
After all, even foods commonly regarded as healthful, such as vegetables or
milk, would be harmful if too much were eaten.

The second perspective is concerned with the existence of the intention
of engaging in a cover-up. There is well-supported evidence showing that
the tobacco companies knew all along that tobacco contains substances that
are intrinsically damaging to health, but intentionally covered up this fact.
However, in the case of fast food, that taking too much fat, sugar, or salt is
harmful to health is just common sense. Therefore, no intention of engaging

in a cover up seems to have been involved. Therefore, are the customers
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themselves responsible for controlling their fast food diet to within healthful
limits when the necessary information they need is either commonly known
or readily obtainable? After all, we should be doing the same even for so-
called healthful foods.’

After a short illustration, using some examples, of my method of
teaching cognitive skills, I make some remarks on the cultivation of affective
dispositions. In general, it is more difficult to reap a harvest from cultivating
the dispositions of others than from teaching others some skills. This is
especially so in the usual context of teaching within one course, which
lasts only about several months. The main reason for this is that cultivating
dispositions involves changing deep-rooted attitudes and habits of students,
which generally takes quite a long time. Despite the difficulties, such
cultivation is nonetheless very important, as was explained in the previous
section. I find myself still struggling hard to explore more effective ways to
achieve that purpose. After reflecting on what [ have done in my own classes,
I find that there are three general methods that one could use.

The first method may be called the “method of direct explanation.” By
this I mean the straightforward strategy of explaining conceptions of affective
dispositions directly to students. For instance, we may directly tell students
what a disposition like “inquisitiveness with regard to a wide range of issues”
means and its significance. The aim behind this method is to provide students
with a knowledge of such basic conceptions so that they may themselves

further reflect on their significance or build a solid conceptual groundwork for

9  There are arguably other subtle points that may be further explored, but have not been here.
That is why I admitted, at the beginning of the discussion, the possibility that one might find
my discussion merely to be making the case that the fallacy of strained analogy is seriously
suspected of having been committed. But the treatment should be sufficient for my purpose
here — namely, to give a brief illustration of how to analyze a real-life (suspected) fallacy.
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other methods of cultivation. This method is both fundamental and crucial;
however, merely conveying conceptions is very far from the establishment of
firm attitudes and habits.

The second method may be called the “method of inducement.” By
this I am referring to the following two components: (1) demonstrating the
usefulness and importance of cognitive skills so as to induce a strong desire
in students to acquire those skills; (2) explaining to students the necessity of
developing suitable dispositions for enhancing the mastering of the skills, in
order to make them see that developing those dispositions is something they
must do if they want to acquire and use the skills satisfactorily. For instance,
suppose that an instructor has shown her students how she can readily use
logical skills to analyze and solve problems that the students are interested
in but originally seemed very difficult to them. The students might then feel
a strong desire to acquire these skills. The instructor may then point out that,
among other things, a prerequisite for truly mastering the relevant logical
skills is to develop a disposition like “alertness to opportunities to use CT.”
Only if a student is alert to the chance to practice the skills, and grasps this
opportunity, can she hope to truly master them. The hope is that, driven by the
desire to master the skills, students would gradually feel inclined to develop
suitable dispositions. To be driven by desire is then the key element of this
method. This method works best with students who have a strong desire to
learn useful skills and are self-disciplined.!'

The third method may be called the “method of sowing seeds.” By this
I mean that the seeds of proper affective dispositions are sown into the field

of a student’s mind by engaging the student in active thinking or discussions

10 The skills of self-discipline are those discussed in section III. Please refer to that section for
an explanation of their significance.
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in lectures, tutorials, and assignments. Although a seed cannot be compared
with a full-grown tree, there would be no tree if no seed were sown. Why
could seeds be sown in that way? Because suitable dispositions are naturally
embedded in these kinds of active thinking or discussion, if one is to do them
well. It is not difficult to see this point if one reflects on the expert consensus
list of dispositions shown in section III. For example, “understanding the
opinions of other people” is a good practice that generally facilitates
discussion with others, and “clarity in stating the question or concern” is a
quality that generally facilitates thinking or discussion. In the tutorials of my
own classes on CT, during which students are required to debate controversial
issues, apart from simply instructing the students to prepare some materials
for the debate topic, I often also remind them to think about and observe
dispositions that can facilitate the discussion, such as the two dispositions
mentioned above. During the tutorials, comments are also made that relate
to proper or improper dispositions. It is to be hoped that some seeds sown in

ways such as these will finally grow into a big tree.

Critical Thinking in a Specific Subject

Many teachers say that they would like their students to think more
critically in their own subjects. Can having students take general CT courses
assist them in achieving this purpose? The answer is not a simple yes or no.
General CT courses can, if conducted successfully, at least make students
more aware of CT and give them some general training in it so that, to a
certain extent, their ability to think critically in a specific subject may improve.

However, the extent of the assistance that is required may vary enormously
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from course to course, from student to student, and from subject to subject.
Because of this, CT educators would like to develop more effective ways
to better achieve that purpose. Here, I introduce some relevant issues and
studies on the subject, with the hope of arousing awareness and interest
among teachers in promoting CT education in their own subjects.

How subject-specific is CT?"" Is CT in psychology similar to CT in
physiology? What about physics and phonetics? In view of the very diverse
nature of different subjects, one may be or should be skeptical about any
general attempts to analyze the notion “CT in X” for any subject X. At the
same time, fruitful attempts of this kind can give us valuable insights on the
teaching of CT in a specific subject. There are works of this kind. Here, 1
examine the work of Nosich (2005), Learning to think things through: A guide
to critical thinking across the curriculum. The titles of several exemplary
chapters or sections hint at the book’s character: “The Parts of Critical
Thinking within a Field,” “Thinking Biologically, Thinking Sociologically,
Thinking Philosophically, Thinking Musically . . . ,” “The Logic of the Field
or Discipline,” “Impediments to Thinking Critically within a Discipline,” and
o on.

In brief, the book uses the following framework. It identifies a “core
process of CT in a discipline,” which may be characterized by this sentence: 7o
think through a question, using the elements, with the standards in mind, and
in terms of the discipline. “Elements” here means “elements of reasoning.”
The idea is that “[u]ltimately, we can display the logic of a field by analyzing

it in terms of the elements of reasoning” (Nosich, 2005, p. 98; former italics

11 See Ennis (1989) and McPeck (1990) for some clarification and discussion on the notion of
subject specificity in the context of CT.
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mine) and that “[t]hinking critically in a field is getting hold of the logic of
that field” (p. 96). Elements of reasoning include, for instance, identifying
assumptions, the question at issue, the implications and consequences, the
point of view, and the purpose. When examining a theory in a discipline,
one may ask, critically, “What assumptions is this theory making?”” On the
other hand, “standards” means some commonly recognized standards of CT,
like those expressed by these adjectives: clear, accurate, important, relevant,
sufficient, deep, broad, and precise. With these standards in mind, a follow-
up CT question can be “Are the assumptions that have been made accurate?”
Lastly, “in terms of the discipline” means, of course, that one is engaged in
CT within that discipline — the discipline is a lens through which one looks
at (reasons about) the world. Nosich has raised three common related ways
through which a discipline can take effect: by asking central questions of the
discipline, by doing an analysis through its points of view, and by applying
its fundamental and powerful concepts for analysis. If the discipline is, say,
sociology, the foregoing question may be modified as, “Has the theory made
accurate assumptions, in terms of what we know about social patterns?”
Effective testing or measuring of the results of learning is an essential
component of curriculum design. How should CT learning results be tested
or measured, whether in general or within a discipline? Among the available
specially designed tests or measures for CT, some have been designed with
close reference to the APA Delphi Report and can be accessed through the

Internet.”* Some exemplary titles are: “The California Critical Thinking

12 In addition to the core process of CT in a discipline, Nosich has also discussed additional CT
processes that make use of the results of the core process, including evaluation, application,
action, comparison and contrast, decision making, living mindfully, and others.

13 http://www.insightassessment.com/home.html.
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Skills Test,” “California Critical Thinking Disposition Inventory,” “Business
Reasoning Test,” “Business Attitude Inventory,” “Health Sciences Reasoning
Test,” “Legal Studies Reasoning Profile,” and so on.'* These tests are not only
limited to skill testing but also disposition testing, in response to the emphasis
on both skill training and disposition cultivation in the APA Delphi Report."

After briefly introducing two central issues, we turn to two works that
deal with CT for a specific subject. The first subject is law and the work
in question is Waller (2005), Critical thinking: Consider the verdict. Two
exemplary chapters or sections are “The Burden of Proof in the Courtroom”
and “Consider Your Verdict: Comprehensive Critical Thinking in the Jury
Room.” There are also many exercises called “Consider the Verdict” or
“How Do You Rule?”, which make use of real court cases to test a person’s
understanding of CT concepts. A prominent feature of the work is simply
the teaching of CT in law with reference to real court cases or law-related
concepts. If we are to use Nosich’s framework sketched above to interpret
this book, we may think of it as applying the core process of CT to make
further judgments or decisions about real court cases. An example of a case is
given below, involving some law-related or CT concepts such as “the burden
of proof,” “the presumption of innocence,” and “the fallacy of the appeal to
ignorance.”

The case happened in 2002 in Pennsylvania, and is described as follows

in Waller (2005, p. 60):

14 These tests have been translated into various languages, and two of the tests have been
translated into Chinese.

15 Sample CT skills questions can be accessed through: http://www.insightassessment.com/
9SampleTestl.html; sample questions on CT dispositions: http:/www.insightassessment.
com/9Sample%20Test2.html.
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Jennie Collins was charged with driving under the influence of a
controlled substance, and a jury found her guilty. In her defense, Jennie
had agreed that she was driving under the influence, but argued that her
intoxication was involuntary. The judge instructed the jury that the burden
of proving involuntary intoxication rested on the defendant, and that she
had to prove by a preponderance of the evidence that her intoxication was
involuntary. (She was not required to prove beyond a reasonable doubt that
her intoxication was involuntary; but the judge ruled that she still had the
burden of proof of establishing involuntary intoxication by a preponderance
of the evidence. That is, she must convince the jury that it is more likely than
not that her intoxication was involuntary; the prosecution must prove that
she operated a vehicle while intoxicated, but does not have to prove that her
intoxication was voluntary.)

The jury returned a verdict of guilty. Jennie Collins appealed her
conviction, arguing that the trial judge erred in his instructions, that her
presumption of innocence was violated, and that the burden of proving

voluntary intoxication should rest on the prosecution.

Finally, the question is put forth: “As an Appeals Court Judge, the case now
comes to you. How would you rule?”

Sternberg, Roediger III and Halpern (2007), Critical thinking in
psychology, is a psychologically oriented “introductory text on critical
thinking for upper-level undergraduates and graduate students” (p. i). Sample
chapters include, “The Nature and Nurture of Critical Thinking,” “Critical

Thinking in Quasi-Experimentation,” “Critical Thinking in Designing and
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Analyzing Research,” and “Critical Thinking in Clinical Inference.” As
revealed in this list, one of its prominent features is the teaching of CT in
psychology with respect to a wide range of psychological topics.

It also illustrates a “psychological approach” of teaching CT in general.
Very roughly speaking, under the usual “logical approach,” logical principles
are taught; while under a psychological approach, topics like “cognitive
biases” are taught. An example of cognitive biases discussed in the book
is “Thinking with Numbers” (p. 3), which is concerned with the notorious
“anchoring effect.” These two approaches may also be distinguished by
appealing to the reason/cause distinction. The logical approach is concerned
with reason — the principles of logical reasoning; while a psychological
approach is concerned with cause — the psychological causes of judgment.
For instance, when a fallacy like hasty generalization is taught, the logical
approach will explain that the principles of reasoning — namely, some
principles of inductive logic — were violated in hasty generalization, hence
identifying a fallacy. However, even though someone might know very well
the reasoning behind a hasty generalization, that person might find it difficult
to resist committing the fallacy in daily life. As a matter of fact, it is not
difficult to observe people committing trivial fallacies again and again as
a daily routine. But why would they do so? The key point to note is that
the (perhaps simple) logical reason behind a fallacy is one thing, while the
(perhaps irresistible) psychological cause of it is another. A psychological
approach aims at studying the psychological cause behind the committing of a
fallacy so that psychological remedy may be suggested. Moreover, since there

may be causes other than psychological ones (e.g., cultural or sociological),
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there may be still other approaches to teaching CT. But it should be noted that
the logical approach is the core and necessary part, which provides the reason

guiding the direction of other causal approaches.

Concluding Remarks

The main title of this essay indicates that the intention was to forge some
linkages between education and thinking. We started with a very rough sketch
of how liberal education is built upon general education and how general
education in turn rests upon CT. The main body of the essay was an attempt
to conduct an elementary examination of this cornerstone of CT, through
the exposition and clarification of basic concepts, a report and discussion of
personal experiences, an introduction and analysis of reference works on the
subject, and so on.

Let us emphasize these linkages once again: For CT scholars or experts,
I hope that this essay will arouse their interest in joining the discussion for
the purpose of improving education; for teachers of any subject, it is to be
hoped that this essay will give them some ideas or stimulate their own ideas
on promoting CT education in their own discipline; for general readers, the
hope is that it will help them to appreciate the relevance of the development

of CT to education in general or their self-education in particular.
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