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This exploratory investigation aimed to identify preservice science teachers'

conceptions of the nature of science (NOS), and worldviews that represent their

culturally dependent beliefs about the world, in the context of Taiwan. The

interrelationships between the responses elicited from both the assessments of NOS

understandings and worldviews were examined.

Participants included 54 third-year students enrolled in the departments of

science education and mathematics education at a teachers college. Their

worldviews and NOS conceptions were tabulated by two questionnaires and 14 of

them were purposefully selected to participate follow-up interviews. The

woridview questionnaire contained five open-ended items, of which each examines

one of the worldview domains in Kearney's model (1984). The NOS

questionnaire consisting of nine open-ended questions was developed, specifically

addressing cultural characteristics, to assess participants' views on the development

of scientific knowledge.

An anthropocentric-moderate continuum emerged to describe participants'

views of the humanity's relationship with Nature. It was found that participants

with informed NOS conceptions were more likely to emphasize harmony with

Nature, recognize the limitations of scientific knowledge, and accept the idea that

science involves subjective and cultural components. On the other hand,
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participants who provided a pragmatic perspective of Nature seemed to possess

narrow views about the scientific enterprises by describing science as close to

technology and as a materialistic benefit. Authoritarianism was also a noticeable

cultural trait hindering some participants from reflecting on the values inherent to

the development of scientific knowledge, and also prohibiting them from searching

empirical evidence to solve problems. It was found that there were differences

between science education and mathematics education majors in their worldviews

and NOS understandings.

The results in this study not only depict a group of nonwestern preservice

teachers' woridviews, but also reveal the interplay between their sociocultural

beliefs and NOS conceptions. People with different worldviews may have

differing views about science. The study calls for the consideration of

incorporating sociocultural perspectives in science instruction and the need for

introducing contemporary conceptions of the NOS to science learners.
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CONCEPTIONS OF THE NATURE OF SCIENCE AND WORLDVIEWS OF

PRESERVICE ELEMENTARY SCIENCE TEACHERS IN TAIWAN

CHAPTER I

THE PROBLEM

Introduction

Throughout the world, the impact of science and technology upon every

aspect of human life continues to increase. In the same spirit that many advances

in science and technology are made, science education should aim to improve the

quality of human existence. In recent decades, the science education community

has recognized the problem of exclusively emphasizing the acquisition of scientific

concepts in science learning, and has come to advocate a shift toward helping

students understand the structure of scientific knowledge and the processes of

scientific inquiry (American Association for the Advancement of Science [AAAS],

1990; Hodson, 1993; Millar & Osborne, 1998; National Research Council [NRC],

1996). Science educators in various countries have called for educational practice

that focuses on understanding the nature of science (Boujaoude, 1996; Kumano,

1998; Ogunniyi, 1982).

Consequently, the nature of science has been a major theme in the reform

documents in many western countries, such as Australia, Great Britain, and the

United States (McComas & Olson, 1998). The nature of science, also known as

"science as a way of knowing," refers to the values and assumptions inherent to

scientific knowledge (Lederman, 1992). These values and assumptions include,

but are not limited to, tentativeness, subjectivity, testability, parsimony,

open-mindedness, and creativity (Smith & Scharrnann, 1999). It is generally

believed that teaching students about the nature of science could help them learn

science content (Songer & Linn, 1991), enhance their interest in science (McComas,



Almazroa, & Clough, 1998), and most importantly, facilitate students' informed

judgments and decisions about scientific and technological issues (Driver, Leach,

Millar, & Scott, 1996; Smith & Scharmann, 1999). Therefore, in order to prepare

scientifically literate citizens who can function in an increasingly scientific and

technological society, the nature of science needs to be presented as one of the most

important objectives of science curricula (AAAS, 1990; BouJaoude &

Abd-El-Khalick, 1995; Kimball, 1967; Lederman, 1992).

The first chapter of Science for All Americans (AAAS, 1990) is dedicated to

introducing the nature of science, in which science is described as having certain

characteristics that differ from other ways of knowing:

Over the course of human history, people have developed many
interconnected and validated ideas about the physical, biological,
psychological, and social worlds... The means used to develop these
ideas are particular ways of observing, thinking, experimenting, and
validating. These ways represent a fundamental aspect of the nature of
science and reflect how science tends to differ from other modes of
knowing. (AAAS, 1990, p.3)

According to this reform document, science is recognized as a woridview (i.e. a

way of knowing the world). Scientists generally convey a view that the world is

orderly and understandable, and they often believe that people can discover patterns

in all of nature through the use of their intellects and instruments. Students are

expected to develop "scientific habits of mind" in order to be scientifically literate

and responsible for a better world. Such "scientific habits of mind" include a

woridview based on the western tradition of seeking to understand how the world

works (i.e. explain, predict, and control natural phenomena) (Lee, 1997).

Compared with other worldviews, a scientific worldview is often assumed to be

more rational, objective, and technical, stressing a practical perspective about the

natural world (Cobern, 2000).

Recently, researchers in some nonwestern countries have called for studies to

elucidate the role that sociocultural factors play in science teaching and learning

(Jegede & Okebukola, 1989; Ogawa, 1986). Studies conducted in developing



countries (e.g., Jegede & Okebukola, 1991; Ogunniyi, 1982) and traditional tribes

(e.g., Allen & Crawley, 1998; Kawagley, Norris-Tull, & Norris-Tull, 1998) are

especially concerned with the difficulties of teaching science to students whose

woridviews conflict with the western scientific woridview. Two major conflicts

exist between traditional worldviews and the worldview conveyed by school

science identified by Ogawa (1986) as one's "view of man and nature" and "way of

thinking." That is, in some traditional or nonwestern cultures, people may not see

the natural world as an object for investigation or of exploitation for human benefit.

Such conflicts may influence students' thinking about how science works, which, in

turn, prevent them from being scientifically literate. As such, studies of

worldview might provide insight into the issues of learning difficulties that

nonwestern students, or even those who had been fostered in western cultures (e.g.

in Cobern, 2000; Costa, 1995), encounter in the science classroom.

Most existing science curricula often emphasize mechanistic, dogmatic, and

positivist views (Hodson, 1985; Kilbourn, 1984). Now that the goal of "science

for all" has been advocated, attention should be directed toward figuring out how to

help all learners acquire scientific knowledge, skills, and ways of thinking without

violating their particular cultural beliefs and experiences. Reform documents in

the United States have called attention to science as an integral part of culture and

that its cultural components should be introduced to students (AAAS, 1991; NRC,

1996). Researchers also suggest that science education in a nonwestern society

should aim to clarify similarities and differences between the traditional and

scientific views of the world, help learners cross cultural boundaries from the

traditional culture to the culture of science (Aikenhead, 1993, 1996; Jedege &

Ogawa, 1999; Kawagley, Norris-Tull, & Norris-Tull, 1998; Ogawa, 1986).

The purpose of assessing people's conceptions of the nature of science is to

investigate whether they understand science as a way of knowing and whether their

views of the nature of science are consistent with currently accepted views. A

worldview, consisting of culturally dependent assumptions, influences the way



people think about the world. Science educators seek to understand whether and

to what extent science is involved in a learner's woridview, which influences

his/her interpretation of and interaction with the natural world. The study of

people's woridviews and nature of science conceptions may provide empirical

knowledge that helps pave the way to successfully addressing the influence of the

woridviews and views about science on science teaching and learning.

Statement of Problem

Science is acknowledged as a human activity, reflecting the socio-cultural,

and environmental circumstances in which it is practiced. Consequently, a

fundamental question is, "can people from different cultures have different views of

science?" While valuing Chinese, Islamic, Indian, and African scientific

achievements and contributions to modern science, Hodson (1993) believes that

different societies might define and organize science differently due to their

differing aspirations and values. Yet, scholars like Huff (1993) and Wen-Yuan

Qian (1985), a Chinese physicist, claimed that science has never existed in China

because China has never had a cultural context suitable to the development of

scientific knowledge.

At the beginning of the 19th century, science was imported from western

culture to China with its pledge to enhance national power. The May Fourth

Movement of 1919 deeply influenced Chinese people's first impressions of science.

A statement made by a famous revolutionary in that Movement serves as a good

example: ". . .Jn order to advocate Mr. Science, we have to oppose traditional arts,

traditional religion; and in order to advocate both Mr. Democracy and Mr. Science,

we are compelled to oppose the cult of the 'national quintessence' and ancient

literature" (cited in Gutmann, 1992, p.227). This statement reflects Qian's

sentiments about science and Chinese culture. Despite the arguments made by

some scientists like Qian, the impressions of science that belong to the present



generation of Chinese people should be examined in order to evaluate the outcomes

of science education in such a nonwestern cultural context.

Clearly, a debate exists about whether different scientific ways of thinking

emerge separately in different cultures. Some researchers attribute the debate of

whether science is universal or multicultural to the plurality of ideas about what

constitutes the nature of science (e.g., Atwater & Riley, 1993; Matthews, 1997;

Stanley & Brickhouse, 1994). Moreover, Hodson (1993) asserted that different

societies could have different priorities for scientific and technological knowledge.

Besides these philosophical appraisals, the major practical concern should be

directed to how people's cultural beliefs affect their understandings of what science

is and how to effectively teach "science for all," when "nonwestern societies have

lost the freedom to exclude science as a culture from their own culture" (Ogawa,

1986, p.117).

Woridview research provides studies concerning sociocultural factors with

explicit assumptions and a feasible methodology. A woridview is a collection of

values and beliefs, including its epistemological and ontological underpinnings,

which forms the frame of reference for a group of people to make sense of the

world (Kawagley, Norris-Tull, & Norris-Tull, 1998). It also influences one's

cognitive processes, including learning styles, decision-making, and information

process (Sodowsky, et al., 1994). Among other woridview theories, Cobem (1991)

suggested that Kearney's logico-structural woridview model (1984) provides

sufficient articulation to move worldview research beyond the level of description

to a level of analysis. The worldview model will be briefly illustrated in Chapter

II.

It is known that the traditional Chinese concept of nature is shaped by three

schools of thought Taoism, Buddhism, and Confucianism (Gutmann, 1992).

Traditional Chinese people believe that we humans should live in harmony with

Nature, and acquire knowledge through accumulating experiences from Nature

rather than to rule over it. Recent studies in the area of psychology, however,



revealed a different trend in that Chinese graduate students (including those from

Taiwan and mainland China) seemed to hold value orientations similar to their

colleagues fostered in western cultures, believing that human beings can control

Nature (e.g. Cheng, O'Leary, & Page, 1995; Sodowsky, et aL, 1994; Yang, 1986).

Notions of modernization were believed to influence these students' worldviews

most significantly in this regard. These findings also suggested the complex and

dynamic nature of culture, and the variations among groups and between different

generations. Therefore, extended efforts on assessing people's woridviews should

be encouraged.

Though politically separated from Mainland China, Taiwan still retains a

Chinese cultural heritage. Due to a political relationship with China and

geographical and historical interaction with Japan, Taiwan has also formed a unique

culture (Yang, 2001). In the recent decade, Taiwan has embarked on a continuous

program of educational reform. With international communication and

collaboration on science education issues, current reform in Taiwan is open to new

research agendas recommended by western educators. While educational reform

in Taiwan also emphasizes indigenous values and knowledge (Yang, 2001), the

implications of incorporating regional resources, local technologies, and cultural

traditions in science curricula require empirical investigations. As Lunetta and

Lederman (1998) recommended, Taiwanese education policy makers and

researchers should carefully examine the ideas that may work for western countries,

and adapt them to what is appropriate for teachers and students in Taiwan.

Since current conceptions of the nature of science bring about a more

sociological interpretation of scientific knowledge, with emphasis on social and

cultural embeddedness, the goal of developing teacher and student understandings

of the nature of science has been widely embraced by the international science

education community. In Taiwan, some efforts have been dedicated to exploring

students' understandings of the nature of science (Lin, 1998; Tsai, 1998, 1999), but

these studies tended to adopt the assessments, mainly standardized instruments,



developed in western contexts without making a concerted effort to address the

influence of particular linguistic, social, and cultural backgrounds on the

participants' views. These standardized instruments have garnered a great deal of

criticisms with respect to the respondents' tendency to interpret the question items

differently than the researcher (Lederman, Wade, & Bell, 1998; Aikenhead, Ryan,

& Desautels, 1989).

Science teachers are the representatives of the science community in their

classrooms and they play a key role in science instruction. In most nonwestern

countries, science teachers still serve as a major source of scientific information

(Ogunniyi, et al., 1995). Teachers might project their personal, social, and cultural

values into classroom discourses, and their sociocultural values might also affect

how they implement the curriculum (Cobern, 2000; Ogunniyi, et al. 1995; Proper,

et al., 1988). Many researchers believe that a teacher's conception of the nature of

science is a vital factor guiding his/her instructional practices (Carey & Strauss,

1970; Ogunniyi, 1982; Robinson, 1969). Others came to realize that teachers'

understandings, interests, values, and classroom activities influence student

learning to a large extent (e.g., Kleinman, 1965; Merill & Butts, 1969; Ramsey &

Howe, 1969). Still, the interplay between a teacher's image about science (and

understandings of the nature of science in particular) and his/her cultural values in

science teaching is not clear.

Cobern (1991) suggests that the nature of science is closely related to the

presuppositions and attributes of a scientifically compatible woridview. This

suggestion has been the basis of much additional inquiry. In some worldview

studies, researchers (e.g., Ogunniyi, et al., 1995; Shumba, 1999) implied that

teachers who held more traditional woridviews were more inclined to have

"inaccurate" conceptions of the nature of science. On the other hand, Haidar's

(1999) assessment of preservice teachers' understandings of the nature of science

inferred that teachers' informed views about the tentative nature of scientific

knowledge were derived from their religious beliefs about the world. However,



none of these studies examined people's nature of science views and woridviews

concurrently. Thus, the relationship between nature of science conceptions and

woridviews has remained implicit.

The purpose of the ]present investigation was to describe Taiwanese preservice

teachers' woridviews and conceptions of the nature of science. Particular

attention was paid to examining culturally specific images about science. Cultural

values and beliefs, as revealed in the worldview assessment, served as factors for

seeking the interrelationship, if any, between individuals' worldviews and

epistemological views of science. The research questions guiding the present study

were:

1. What are Taiwanese preservice teachers' woridviews?

2. What are Taiwanese preservice teachers' understandings of the nature of

science, in comparison with current conceptions of the nature of science?

3. Is there a relationship between the participants' woridviews and their

conceptions of the nature of science in the sociocultural context of

Taiwan?

Siificance of the Study

Improving teachers' and students' understandings of the nature of science is

still an ongoing process. Assessing teachers' conceptions of the nature of science

may serve as a starting point to help science teacher educators develop effective

instructions to promote preservice teachers' understandings in this regard. As far

as the "effectiveness" is concerned, exploring culturally specific values about

science by means of an open-ended approach should generate more productive

references about how to integrate contemporary nature of science instructions in

science teacher education programs successfully.

This study may contribute to worldview research (a new area of study in

science education) in the attempt to provide a more complete body of empirical

evidence and an alternative descriptive model. The findings of the present study



may provide science educators especially interested in the multicultural perspective

on science education, with additional information that may help them understand

how learners' sociocultural values influence their images about science. The

attempt to delineate the relationships between woridviews and nature of science

conceptions has the potential to fill a gap in the science education literature. If

there is a relationship between these two views, then subsequent investigations

should seek to discover in what ways one's worldviews affect his/her image of

science, and how the interplay of these two views influences a teacher's classroom

practices.

The results of the present study may offer some solutions to deal with the

dilemma of "internationalization" and "localization" in current Taiwanese

educational reform (Yang, 2001). Understanding how one's social and cultural

values influence one's way of viewing the world and the disciplines in which one

has been involved (in the case of science) may provide educators with valuable

information about how to design curricula suitable to the needs of the culture and

society. As noted, studies in the history of medicine, astronomy, and technology

have recognized the contribution of Chinese scientific achievements. Exploring

people's views about traditional practices and modern scientific knowledge may be

a culturally sensitive case. The results will hopefully evoke discussions in the

Taiwanese science education community in regard to what science should be taught

and the possibility of incorporating the nature of science instruction (presenting

science as socially and culturally embedded) in curriculum development and

science teacher education programs. Ultimately, this study hopes to draw the

interest of more researchers to the investigation of how sociocultural beliefs about

science, held by students and teachers, influence science teaching and learning in

some nonwestern contexts.
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CHAPTER II

REVIEW OF THE LITERATURE

Research about student and teacher understandings of the nature of science has

received increasing attention in the international science education community.

Reform documents (e.g. AAAS, 1990; NRC, 1996) and researchers in this field (e.g.

Duschl, 1990; Lederman, 1992; McComas & Olson, 1998) have long advocated

that there are several elements of the nature of science that should be

communicated to students. In European and North American countries, such an

intensive course of studies has already been established. The primary purpose of

the present literature review is to investigate the NOS understandings of students

and teachers fostered in cultures that seem to retain their traditional attributes and

not wholly to adopt modern scientific views. A question of particular interest is

whether or not people with different cultural backgrounds have different

interpretations of science.

As far as cultural characteristics are concerned, woridview research is believed

to be a new research agenda and a resourceful methodology for studies about

science teaching and learning. Researchers seek to know whether, and to what

extent, science is involved in a learner's worldview, and to examine the conflicts

between a learner's worldview and the view of science portrayed by school science.

This review of the literature focuses on four topics: 1) defining the nature of

science, 2) introducing the woridview theory and its assessment; 3) reporting NOS

conceptions and woridviews of nonwestern students, and 4) exploring nonwestem

science teachers' views of science and worldview presuppositions. Discussions of

the findings based on the literature and recommendations for research agendas and

methodologies follow.



The Nature of Science

The nature of science (NOS) typically refers to the values and assumptions

inherent to the development of scientific knowledge that is initially described in

terms of the history and philosophy of science (Lederman, 1992; McComas,

Clough, & Almazroa, 1998). Abd-El-Khalick and Lederman (2000) noted that no

consensus exists among philosophers of science, historians of science, scientists,

and science educators on a specific definition for the NOS. Moreover, NOS

conceptions have changed along with the developments in history, philosophy, and

sociology of science. These changes in turn have influenced the ways in which

NOS has been defined in the science education community since the beginning of

the 2O' century.

Many science educators have acknowledged the role of Kuhn's (1962)

Structure of Scientflc Revolutions in shaping current views of science. The

post-Kulinian philosophy of science placed an emphasis on developing a

descriptive account of how science actually works (Abd-El-Khalick & Lederman,

2000). It also attempted to associate scientific issues, claims, and practices with

the larger social and cultural contexts in which they emerged. The science

education community, consequently, witnessed the paradigm shift from logical

empiricism to constructivism and from absolutism to relativism. Such a shift has

influenced school curricula and research methodologies (Lincoln & Guba, 1985;

Loving, 1997).

Concern about the development of a complete understanding of the "nature of

science" can be traced back to the early 1900s (Lederman, 1992). At that time,

understanding the nature of science was equivalent to understanding the processes

of science and the scientific method. The character of science introduced in

science texts and school curricula was based on traditional Baconian views, which

described scientific knowledge as absolute, objective, developed through the

application of the induction method, and devoid of creativity and human

imagination (Haidar, 1999). In the I 960s, NOS objectives were linked to an
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emphasis on inquiry and science process skills, including observing, hypothesizing,

designing experiments, and interpreting data. By the 1980s, psychological and

sociological factors started to be included in the definitions of NOS. These

factors concerned the theory-laden nature of observation, the role of human

creativity in developing scientific explanations, the social structure of scientific

organizations, and the role of social discourse in validating scientific claims

(Abd-El-Khalick & Lederman, 2000).

Most recently, science educators and scientists have made intensive efforts to

involve the nature of science objective in science curricula. Several lists of

descriptors have been developed to define the characteristics of scientific

knowledge and its development (reviewed in Abd-El-Khalick & Lederman, 2000;

Smith & Scharman, 1999). In contrast with the traditional empiricist view, the

contemporary conceptions of the nature of science emphasize the tentative, historic,

humanistic, and holistic feature of scientific knowledge. As such, science is

characterized as a way of knowing and a cultural phenomenon (Hodson, 1993).

With a line of research on the NOS, Lederman and others have proposed seven

general categories to present the characteristics of the scientific enterprise

(Abd-E1-Khalick, Bell, & Lederman, 1998). These defined NOS aspects are

compatible with contemporary philosophy of science, and, most importantly, are

relevant and accessible to K-12 students. They include the views that scientific

knowledge is tentative (subject to change), empirically based (based on and/or

derived from observations of the natural world), subjective (theory-laden), partly

based on human inference, imagination, and creativity, and that it is also socially

and culturally embedded. Two additional aspects are the distinction between

observation and inference, and the function of and relationship between scientific

theories and laws. Such a categorization of NOS guides the current assessment

and analysis of people's NOS understandings. However, one should note that

NOS conceptions are as tentative and historical as scientific knowledge.

Therefore, the NOS acronym adopted in this thesis should not be assumed to
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reduce the length of this paper.

Woridview

13

A person's woridview is generally defined as the way in which people look at

reality (Kearney, 1984). Cobem (1991) defined worldview as a set of

culturally-dependent, implicit, fundamental presuppositions that predispose one to

feel, think, and act in predictable patterns. It also provides a person with basic

assumptions and images about what constitutes valid and important knowledge

about the world (Cob em, 1996). All people have worldviews, which are acquired

through various sources "including family, media, interpersonal relationships and

through the ways our institutions are structured and the way they function" (Proper,

Wideen, & Ivany, 1988, p. 547).

The original definition of woridview is Weltanschauung, a German term that

was first invented by Kant at the end of century (Cobern, 1991). At that time

the term was commonly used in the literature as a reference to one's perception of

the world and its meaning. It is often associated with metaphysics, cosmology,

and religion. Later, the work of a German philosopher Wilhelm Dilthey

(1833-1911) on Weltanschauung exercised a great influence on the fields of

anthropology, sociology, and history (Kluback & Weinbaum, 1957). In the

following sections, some early assessments of worldviews conducted in the fields

of social science and science education are reviewed. Several studies were found

to assess Chinese (Taiwanese) students' worldviews. Ultimately, a worldview

model developed by Kearny (1984) is introduced.

Assessment of Worldviews

In the areas of social science, Kluckhohn and Strodtbeck (1961) proposed the

concept of value orientation with an emphasis on the elements of culture. They



14

proposed three assumptions: 1) the number of common human problem is limited;

2) there is a range of possible solutions to all problems; and 3) all alternative

solutions are present in all societies at all times but are differentially preferred.

Five orientations were referred to as "human nature" (good, neutral, or evil),

"man-nature" (subjugation, harmony, or mastery), "time" (past, present, or future),

"activity" (being, being-in-becoming, or doing), and "relational" (lineal, collateral,

or individualistic).

Based on Kluckhohn and Strodtbeck's woridview categories, psychologists

like Ibrahim and Kahn (1987) developed an instrument for cross-cultural studies,

called the Scale to Assess World Views (SAWV). The instrument contained 45

Likert-scale items and its reliability and construct validity was established. A few

studies using the SAWV to examine Taiwanese students' woridviews were found,

such as Sodowsky, et al. (1994) and Cheng, O'Leary, and Page (1995). Assessing

the woridviews in these studies aimed to ensure the compatibility of the values and

life perspectives of the counselor and the client being counseled. It is noted that

the subjects participating in these investigations were all graduate students studying

in the United States. They found international students' woridviews often differed

from the traditional values of their respective cultures, possibly as a result of their

awareness of the changing perceptions of their modernizing societies. Sodowsky,

et al. 's findings (1994) indicated that Taiwanese international students were more

likely than their American and African counterparts to emphasize a subjugation

relationship with Nature and to focus on the present. Cheng, O'Leary, and Page

(1995) found that Taiwanese international students were more individualistic,

believed more in both harmony with and controlling Nature, and had more of an

orientation to the past than did their American and Irish counterparts. It is

apparent that inconsistencies between these findings existed, even though the

contexts and subjects had a certain level of similarity. Recognizing the

inconsistent results, Yang (1998) pointed out the inadequacies of such

cross-cultural comparison and noted that group means calculated in those
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comparative studies do not sufficiently represent individual and cultural means.

Moreover, it is found that the quantitative data elicited by the standardized

instrument could limit the interpretation of data.

The earliest worldview research in science education dates to Kilbourn (1984)

and Proper, Wideen, and Ivany (1988). They were concerned with the

mechanistic woridview hidden in the science curriculum that may have long-term

consequences for students and for society as a whole. Their studies were based on

Pepper's world hypothesis (1970), which posited the six woridview presuppositions

of animism, mysticism, formism, mechanism, contextualism, and organicism.

Kilbourn (1984) analyzed a biology textbook based on the six world hypotheses,

and found that mechanism was predominant whenever a causal explanation was

sought. Proper, et al. (1988) followed Kilbourn's analytic scheme to study science

teachers' classroom discourse, and noted that formism and mechanism were the

worldviews most commonly projected to students in a western science classroom.

However, the methodology used in the studies discussed above did not take account

of cultural differences because they employed a predetermined set of descriptors

that fit into the scientific standard in order to label a person's woridview.

More recently, Cobern (1991) proposed a theoretical framework for woridview

research in science education through a comprehensive review of anthropologist

Michael Kearney's worldview theory (1984). He suggested that woridview

research that focuses attention on learners' cultural contexts may well inform

educators the issues regarding the conceptualization of science and the public

image about science. Kearney's woridview theory was deemed to be the most

suitable for a study of issues in multicultural science education (Cobern, 1991,

1998).

Woridview Theory in Science Education Research

Kearney's logico-structural model has been used in science education research

concerning conceptual changes and multicultural perspectives of science education
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(Cobern, 1991, 1998). This section briefly describes Kearney's woridview

theory the logico-structural model (Figure 1). Seven cognitive categories

constitute the dimensions of the woridview theory: the Self, the Other,

Classification, Relationship, Causality, Space, and Time. The seven categories are

interconnected.

Classification

Self 1 Relationship Other

I.
Causality

/
Time Space

Figure 1. Kearney's logico-structural model (1984).

Figure 1 shows the integration of the seven cognitive categories. The bold

lines indicate the main logico-structural linkages. Opposition of the Self to the

Other is the primary axis of a worldview. The Self exists and interacts within an

environment; everything in the universe except the Self is the Other.

Classflcation is a static structure that discriminates the existence of the Self and

the Other. It is an innate ability arising from the interaction of mind with the

external world. The way in which one classifies natural phenomena is often

consistent with his/her disposition for qualifying and judging the nature of things.

To study the Classification worldview domain is to analyze the way people

categorize reality and the criteria by which they group the contents of these

categories together.

The Relationship dimension deals with the interaction between the Self and

the Other. The way people view their interaction with the Other influences the

way they act toward it. Anthropologists often describe people's views of the
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relationship between the Self and the Other as one of harmony, subordination, or

dominance. The domain of Causality is derived from the dynamic aspect of

Relationship. It refers to all human ideas about cause and effect that can be used

to explain the various phenomena and events which take place in any aspect of life

and experience (Cobern, 2000). The cognition of Causality is also dependent

upon the cognition of Time and Space. As Kearney suggested, folk cosmology

often offers valuable clues for analyzing people's spatial images. Cognition of

time is influenced by images of space, and is a more complex and abstract concept.

Cobern provided an example to show the different temporal concepts between

westerners and nonwestems saying, "most Westerners conceive of Time as linear

and are quite perplexed at the idea that Time could be thought of as circular" (2000,

p.11). Identifying a person's time orientation also helps researchers analyze a

person's perceptions of time. Kearney suggested that people from different

cultures would consider one area of time the past, the present, or the future to

be more important than the other two.

Research methodologies inspired by the logico-structural woridview model

lean toward the naturalistic inquiry (Lincoln & Guba, 1990) and qualitative

research paradigm. For example, Cobern (1993a, 1999, 2000) used the interview

technique to describe the way that American high school students, college students,

and science teachers' conceptualize Nature. The assessment dealt with three

domains on the worldview model: the Self, the Other, and Relationship. Cobern

(1995, 1997) further compiled a series of two-choice questions (Test of Preferred

Explanation) in combination with interviews to assess the variations in college

students' worldviews in the Causality domain. Cobern generally believed that

students often bring alternative woridviews into science classes that may not be

compatible with the scientific woridview. Lawrenz and Gray (1995) conducted an

exploratory study using an open-ended questionnaire to delineate all worldview

categories held by a group of South African preservice teachers. Allen and

Crawley (1998) and George's study (1999) adopted the qualitative research design,
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also based on Kearney's woridview theory, to identify traditional practices and

beliefs in some nonwestern cultures. Results of the latter three studies will be

reported in the following sections.

Research on Nonwestern Student Views of Science

This part of the review is dedicated to understanding student beliefs about

science in the nonwestern contexts. Attention is paid to the exploration of any

cultural specific views regarding science as a discipline and science learning. The

first section includes four studies focusing on assessing students' understandings of

the nature of science. Some comparisons were made with the results gathered

from studies of western students. The second section includes three studies

exploring the problems experienced by students whose woridviews differ with

school science.

Views of Nature of Science from Nonwestern Students

Owing to the researcher's background, special attention was paid to the NOS

research conducted in Taiwan. Lin (1998) reported some findings as a part of his

work on the development and validation of an instrument used to investigate the

NOS understandings of senior high school students in Taiwan.

The instrument, called the Understanding of the Nature of Science Scale

(UNOS) was developed in the Chinese language. In his 1996 article, Lin

described the conceptual scheme for constructing this instrument as being based on

research in the field of the philosophy, history, and sociology of science. The

instrument contained three subscales: the nature of the scientific method, the nature

of scientific knowledge, and the nature of scientific enterprise. Each subscale

contained 24 items and an understanding of a certain concept about science was

measured by a pair of positive and negative statements. The UNOS scale was
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reviewed by 10 experts and three senior high school science teachers. A pilot

study was accomplished by interviewing 15 senior high school students. The

concurrent validity was reported concerning its significant correlation with the

Scientific Processes Inventory (Welch, Wayne, & Pella, 1968). The coefficients

representing the correlation between SPI and UNOS and its three subscales ranged

from .57 to .64 (p<O.Ol). The reliability of UNOS and its three subscales was

reported as .90, .74, .79, .77, respectively.

The stratified cluster sampling method was employed to select a total of 1,670

grades 10-12 students in Taipei area. Based on the average score for UNOS, Lin

concluded that the Taiwanese high school students understood the nature of science

to an acceptable degree. Additional results reported were the interviews with 15

students in the pilot study. The interview data indicated that students' definition

of science was closer to physical science than to biological science. As to

scientific theories and laws, the interviewed students were unfamiliar with the

meanings behind these terms and failed to recognize the differences between a

theory and a law. In addition, the students believed that scientific knowledge

moved from being less certain (theories) toward being more certain (laws). Some

of them showed high respect for the scientific method, saying that the "scientific

method is a habit or attitude that normal people use to deal with everything."

Students did not consider that there is a direct connection between empirical data

and scientific theory. Moreover, interviewed students noted that scientists can be

influenced by personal interests and social environment, but they also insisted that

scientists should lead an ideal life with pure internal motivation and without

external influence.

Analysis of the responses to the individual UINOS items showed that about

one third of the students believed that "the scientific method, if followed step by

step, will lead to the correct answer," "scientific observations and reports are

nothing but exact and not-yet-interpreted documents of phenomena," and that the

interpretations of empirical data have no connection with the theory being used.
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More than 40% noted, "scientific models are proposed to be copies of reality."

About half of the students held two misconceptions about science: empirical data

produces scientific theories and scientific theories are absolutely true. On the

understanding of the nature of scientific enterprise, most students in the study were

not well informed of the nature of modern scientists. There were inconsistent

results revealed by the responses concerning social and cultural embeddedness of

the NOS. The inconsistency was most likely attributed to the shortage of the

forced-choice instruments that assumed respondents understanding the items in the

same manner as the instrument developers (Lederman & O'Malley, 1990).

Lin claimed that the students in the study had adequate understanding of the

nature of science with average UNOS scores higher than the mid score. However,

closer examinations of the results from individual items and interview data

indicated that students did not show comprehensive understandings on some

aspects of the NOS, including relationship between scientific theories and laws,

subjectivity, tentativeness, and scientific method. It should also be cautious about

generalizing the results of this study to other population because the investigation

was carried out in the capital area of Taiwan.

Liu and Lederman (2001) assessed the conceptions of NOS possessed by 29

gifted seventh-grade students at a school in central Taiwan. Students completed a

NOS questionnaire prior to attending a series of scientific-inquiry based activities

designed by the department of science and mathematics education at a university in

the United States. Post-instructional interviews were conducted with nine

randomly selected sub-samples to examine any changes in their conceptions.

An open-ended questionnaire contained 10 items aiming to assess students'

understandings on the tentative, empirical, creative, subjective, and socially and

culturally embedded nature of science, and the relationship between scientific

theories and laws. Eight of the items were adapted from the questionnaires used

by Lederman and O'Malley (1990) and Abd-El-Khalick et al. (1998). Two

additional items were designed to stress particular characteristics of Chinese culture
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and aimed to elicit responses regarding the development of scientific knowledge

with respect to cultural embeddedness. The questionnaire was translated to

Chinese and validated for the accuracy of translation by the back-translation

method. Each item was also reviewed by experts and pilot tested to gain the face

and content validity.

Pretest results indicated that the majority of participant students had a basic

understanding of the tentative, subjectivity, empirical, and socially-culturally

embedded aspects of NOS at the beginning. The qualitative data indicated some

interesting findings pertaining to Chinese-speaking students' views of the NOS.

First, some participants used the words "prove" and "fact" to express their views

about empirical basis of science, but not in any absolute sense. This finding was

consistent with Lederman and 0 'Malley's study (1990) with American high school

students. Second, none of the students chose the answer that scientific theories do

not change. About one third of them, however, held naïve views on this aspect,

which seemed related to the misconceptions regarding scientific theories and

experimentations. Third, students tended to assign creativity and imagination to

be the traits for historical figures but not for contemporary scientists whose work

and claims might directly affect people's decision making on current issues. Next,

students held inadequate conceptions regarding the distinction between scientific

theories and laws, and often described the terms "theory" and "law" with

vernacular meanings. Last, the majority of the gifted students seemed to hold

informed views of the involvement of subjectivity in some scientific controversies,

and the social and cultural influences on scientific knowledge. One confounding

variable, as noted by Liu and Lederman, was the participants' extracurricular

experiences. The teachers in the students' school had been involved in a

professional development workshop for NOS teaching. While the study neglect to

observe students' regular science learning in their home country, inferences

regarding students' development of the informed NOS knowledge remained

inconclusive.
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There was little change in students' views of NOS after the one-week science

activity and the three-hour NOS instruction, due to time limitations and a ceiling

effect. During the interviews, some students were able to elaborate their

conceptions on creativity and subjectivity with examples derived from their

experiences in the NOS instruction. The findings suggested the need for extended

program with explicit NOS instruction to improve students' NOS understandings.

This study also reconmiended future research focusing on the relationship between

students' cultural values and NOS conceptions, and the impact of NOS knowledge

on students' science learning. Participants in the study were a particular group of

gifted students who participated in a unique science camp, thus generalization of

the results to other Taiwanese students was inappropriate.

Another study to assess students' understandings of the NOS was conducted

in Israel. In the study, Tamir (1994) emphasized two objectives associated with

science education: understanding the nature of science and scientific attitude.

According to Tamir's definition, the aspects of the NOS included the scientific

enterprise, the scientists and how they work, the existence of multiplicity of

scientific methods, the interrelationship between science and technology and

among various disciplines of science. The scientific attitudes consisted of both

affective and cognitive elements, which require knowledge and understanding of

the nature of the scientific enterprise. This study analyzed a large scale of data

obtained in the Second International Science Study (SISS) concerning Israeli

students' views on the scientific enterprise. A comparison was made among the

scientific attitude data of Israeli, British, and USA students.

The SISS took place in the year 1984 and aimed to assess the science

achievements, attitudes, interests and preferences of grades 5, 9, and 12 students

from 25 countries. A variety of questionnaires and tests, including background

questionnaire, achievement tests and attitude inventories, were used to achieve its

goal. This study focused on the data collected by two instruments: Science

Understanding Measure (SUM) and Attitude Scale. The SUM was developed on



23

the basis of the Test of Understanding Science (TOUS) Form W (Cooley & Klopfer,

1961) and then formulated by Coxhead and Whitefield (1975) at the University of

Aston in Birmingham. It consisted of 20 multiple choice items that covered five

areas: scientists as people, science and society, the role and nature of experiments,

theories and models in science, and the unity and interrelatedness of the sciences.

However, the validity and reliability of the instrument was not adequately

established for this study.

A large amount of samples were involved in this study, which included

approximate 2000 students in each grade level for Israeli, as well as the British and

USA populations. Regarding the understanding of the NOS assessed by SUM, a

comparison was conducted between grade 9 and 12 students. In general, grade 12

students had higher scores than grade 9 on most items. There was a decline on

one item, which showed that the older students had more doubts about scientific

discoveries being always good and helpful. Responses showed a tendency that

students assigned less value to scientists' ideas than to technique and technology.

A correlation of 0.33 was found between the scores on SUM and on the science

achievement test. Tamir further inferred that most of the growth in understanding

the NOS was attributed to the learning of science in school. However, evidence

derived from the data was implicit for making the above inferences.

Cross-national comparisons indicated that Israeli students tended to feel more

strongly about the importance of science to the personal life of an individual than

British students did. On the other hand, Israeli grade 9 students had a lower

regard for the contribution of science to society than their British counterparts.

Yet, they gained lower scores on the statement that "science is useful for solving

the problem of everyday life" and "science will help make the world a better place

to live in" than British students did. Furthermore, Israeli students were more

likely to believe "scientific inventions have increased tensions between people"

than their British fellow students, whereas British students agreed the statement

that "science has ruined the environment" more than Israeli students did. The
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above comparisons implied that Israeli students seemed to consider science as a

body of knowledge useful for future careers and the development of countries, but

they tended to wonder about the value of science to their everyday life and to the

society.

Tamir suggested the effectiveness of STS instruction that might improve

students' positive attitudes toward the scientific enterprise. The STS goals seem

to be widely adopted in many nonwestern countries because the social dimension

of science can be introduced to students (BouJaoude &Abd-El-Khalick, 1995;

Holbrook, Craven, & Lutz, 1996; Nagasu & Kumano, 1996; Tsai, 1999). Another

recommendation by Tamir is the explicit teaching of the NOS that is believed to

deal with students' NOS misconceptions effectively.

BouJaoude and Abd-El-Khalick (1995) investigated Lebanese students' NOS

views by collecting qualitative data. The authors of the study assumed that

students' beliefs about science and their perceptions of its purpose and usage in

everyday life might reflect their science woridview, which directly or indirectly

influence their learning of science and choice of science related careers.

A total of 80 grades 7 and 8 students from two private and two public middle

schools (two classes for each school) in Beirut, Lebanon were randomly selected.

The sample represented different socioeconomic status and achievement levels. A

semi-structured interview was mainly conducted to elicit students' definitions of

science and perceptions of the purpose and use of science. In order to facilitate

the interpretation of students' data, the students' science teachers were also

interviewed and the data was used to compare with students' data.

A set of questions corresponding with the research questions formed the

interview protocol. The interview questions were pilot-tested with 10 students

from other schools. Two weeks after the interviews, the students were asked to

fill out questionnaires containing the same questions used in the interviews. The

questionnaires were merely used to check consistency of response by individual

students. It was reported that students' interviews and questionnaire responses
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produced the same categories and thus the reliability could be established. The

interview questions and questionnaires were designed in either English or French to

match the language of science instruction of each school. The method of back

translation was used to determine the consistency between two versions.

The data analysis contained two phases. First, students' and teachers'

interviews and students' responses to the questionnaire were analyzed for

categories and relationships among categories. The data were analyzed by the two

authors independently and compared to establish the inter-rater reliability. The

second stage of data analysis involved the study of the relationship between

students' perceptions and background variables, including school type, grade level,

gender, achievement, and parent occupation. Chi-square statistics were employed

to test the relationships.

Results showed that most students defined science as an academic subject that

provides information about the world (63.8%) and for doing things or to teach new

things (18%). Students also perceived the purpose of science as preparation for

higher education (52%), future careers (46.5%) and higher social status (21.5%).

The majority of them (66%) mentioned that they used science in academic settings,

while only few viewed science to be used to solve everyday problems (13%), in

non-academic activities such as sports (8%), and in medical related issues (8%).

About 19% of the students indicated that they did not use science regularly. As to

perceptions of science used by others, approximate 53% of them stated that others

used science in academic settings either in school or outside school, and 31%

deemed science being used by others in career related activities.

Analysis of teachers' interviews indicated that the teachers defined science as

an academic subject which purpose was to provide students information about the

world, and viewed science to be used in school related settings. Different

expectations between public and private school teachers was found; private school

teachers emphasized the need for students to achieve high grades in order for

higher education, while public school teachers tended to think their students would
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never use science in their careers due to their lack of confidence in students'

achievements.

Analysis of the relationships between students' perceptions and background

variables showed that there were significant differences between type of school and

students' definitions of science (X2, p=O.00I 8). Public school students tended to

define science either as a school subject or the truth. Moreover, there were

statistically significant differences between students' use of science and the type of

school (X2, p=O.Ol), and father's occupation (X, p=O.Ol). Two differences were

found evident: first, more students in public schools confessed that they did not use

science; secondly, more students whose parents were professional tended to state

that they used science in non-academic setting while more students whose fathers

were unskilled described that they used science in academic settings. A moderate

difference was found in the analysis of the relationship between father's occupation

and students' perceptions of science usage by others (X2, pO.O4). Students whose

parents were professional tended to state that people use science in careers, while

students whose parents were unskilled were more likely to say that they did not see

science being used by others. In summary, school type and parent occupation

appeared to be the background variables associated with students' perceptions of

science and its purpose. However, as indicated, the effect of type of school and

parent occupation might be confounded by teacher effect and students'

socioeconomic status.

By analyzing the school factors, it was indicated that the official Lebanese

science curriculum emphasizes science as an academic subject. In addition,

Lebanese parents seemed to have high expectations for their children to obtain a

professional science-related degree. Therefore, the school and out-of-school

factors created a culture of "science as an academic subject." Such a culture also

influenced students' views about science. Based on the findings, Boujaoude and

Abd-E1-Khalick suggested the need to change science curricula and perhaps the

entire educational system in Lebanon. The results of this study are intriguing, but
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a different perspective on assessing students' NOS views should be considered. The

study used interviews to tap students' beliefs about science and its purpose and

usage in everyday life. The interview questions appeared to prompt students'

awareness of their own context of science learning rather than what they know

about the scientific enterprise (Hogan, 2000). Specific and contextual questions

should have been designed to gather more in-depth information.

Traditional Woridviews Impinge on Student Science Learning

For answering the question whether the Western science is really in conflict

with nonwestem cultures, exploring worldviews of traditional tribes might provide

valuable information. A study conducted by Allen and Crawley (1998) was to

compare the woridviews of Native American students of the Traditional Kickapoo

Band with the worldview conveyed by school science.

A total of 28 Kickapoo students in grades 5-9 participated in the study.

Three types of data were identified and collected, including the data from students,

teachers, and texts. Data were recorded in the form of audiotapes, videotapes,

field journal notes, contact summary forms, student drawings, and other documents.

In the interviews, students were encouraged to talk freely about science class.

Some informal interviews and social interactions occurred during casual

conversations and phone contacts. In order to triangulate students' supplied data,

eight Kickapoo adults who did not serve any teaching related duty were

interviewed and asked to conm-ient on student data. The students had participated

in science activities conducted by the first author in this study. The activities

included a series of hands-on science lessons and took place at the Kickapoo

community center. Some dialogues regarding worldview values during the

activities were recorded.

Teacher interviews and text evaluations were conducted as a part of data

collection. Two teachers participated in this study: the male teacher had 15-year

experiences in teaching, with master degree in education, and the female teacher
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was in her first year teaching, with a biology degree. Interviews with the teachers

aimed to identify teachers' beliefs about tentativeness and cultural influences on

scientific knowledge, and impressions about Kickapoo students' learning in science

classroom. The planning guides, teaching materials, and assessments were also

examined. Classroom observations were periodically conducted in two

classrooms over an 18-month period. The factors observed included room

arrangement, bulletin board materials and displays, communication patterns, and

nonverbal behaviors of students and teachers. Based on the observation data, both

classrooms were reported as in a traditional teacher-directed manner with strong

reliance on the texts.

Analyses of the coded data of students, teachers, and the texts (and

instructions) revealed differences in epistemology, preferred methods of

teaching/learning, values, spatialltemporal orientation, cultural rules for behavior,

and perspective of the place of humans in the natural world. Allen and Crawley

anticipated that Kickapoo students' epistemological beliefs would locate on the side

as opposed to positivism and empiricism, because Western science was new to

them and its historically philosophical belief should be less valued among

Kickapoo students. However, the results showed that student views on the nature

of knowledge were positivist, similar to teachers' and texts'. Student interview

data indicated that students believed that there should be a right or wrong way to

explain things and they were afraid of giving wrong answer when being called

upon in science class. Students' epistemological beliefs seemed to originate from

school experience rather than from cultural inherency.

Regarding the acquisition of knowledge, teachers and texts strongly relied on

authority rather than empiricism for the basis of validity. Students demonstrated a

slight preference for empiricism, especially during problem solving, but also

expressed much appreciation of authority as a means of knowing, which accounted

for 42% of coded data. Comparing the pedagogical preference of students and

instruction showed that the values for students and instruction were located on the
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opposite side of each continuum. The organization of contents was strongly

reductionist in instruction, representing 100% of recorded data for teachers and

83% for text. In contrast, students tended to treat contents holistically, with 88%

of recorded data. It was noted that this holistic thinking was reflected in the

medical practices of Kickapoo that used natural, holistic methods of treatment.

The preference for a cooperative instructional strategy was evident among the

Kickapoo students (100% of data) and sharply in contrast with the competitive

scenario in the classroom (90% of data). Kickapoo students often shared answers

and assignments inside and outside classroom and seemed not to care grades much.

Regarding temporal and spatial representations, students stated that an individual's

life experience is a cycle event, a view that was influenced by the traditional beliefs

of reincarnation.

It was found that there were tremendous differences in Kickapoo students'

behaviors in different instructional settings. Student participation was coded as

active during instruction at the village (97% of data), but as passive at school (98%).

About 80% of the coded data indicated conflicting rules. Kickapoo students were

frightened by Western world's individualism that was deeply infused into

classrooms. Again, conflicting values were found in 60% of data. The conflict

in values was most apparent in the situations in which teachers or administrators

tried to motivate Kickapoo students. Kickapoo culture valued spiritualism over

materialism so that the rewards used as motivators, such as high grades and

promises of material gain, often conflicted with tradition Kickapoo values. In

defining the relationship between humans and nature, 76% of student data were

coded as harmony. Teachers and texts, however, clearly expressed perspectives in

which nature was viewed as a resource and its value determined by human need (in

over 90% of data).

This investigation of the traditional tribes' experiences in school learning

suggested that the woridviews which students bring with them into the science

classroom may affect not oniy how they make sense of scientific information, but
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also the extent to which they are willing to participate in the educational experience.

It was recommended that woridview research might be helpful for western teachers

to understand the problems of culturally distinct students. Results also suggested

that text authors should be sensitive to expressions of worldview and should avoid

the inconsistence with current concepts of the NOS.

George (1999) investigated the traditional practices and beliefs, with respect

to health regimens and marine-related activities, which operated in the daily lives

of people in a particular rural setting, the village of Seablast in the Republic of

Trinidad and Tobago, West Indies. Given the background of relative isolation and

population homogeneity, villagers' traditional woridview was likely to differ from

that of school science curriculum. The purpose of the study was to determine the

core components of the woridviews operating in the village, and to explore how

these might impinge on students' learning of science.

This study employed an ethnographic approach. In-depth, fairly

unstructured interviews were the main strategy used for understanding the villagers'

woridview. The interviews were generally initiated by one or two questions

discussing about how the informant conducted his/her life in a particular area (e.g.

health and household practice). More structured interviews were conducted later

in the fieldwork exercise mainly to seek clarification and elicit concepts that were

theoretically relevant. The validity and reliability of the data interpretation was

pursued by member reviews and interindividual checks.

In the early stage of this study, the interviewees included elders, housewives,

farmers, fishermen, public servants, teachers, secondary school students, and the

unemployed. The sample then reduced in size as the study progressed. A total

of 75 individuals (38 male and 37 female) and seven groups of secondary school

students (35 boys and 30 girls) were interviewed. It is noted that the data reported

in the article involved more adult responses than student views. Students' data

were mainly used to compare with those concepts revealed by the adults.
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Some topics were generated from the coded data, including the topics of

child-rearing practices, menstruation, pregnancy, nutrition, herbal medicine, marine

technology, and so on. The data were then organized and reduced into two topics

pertaining to health practices and marine-related activities. Based on Kearney's

woridview model (1984), this study attempted to detect Kearney's seven universals

and to identify the logical and structural integration of the woridviews. The

results in general showed that the concepts of the Self, the Other, Time, Causality,

and Relationship were identified, but the concept of Space was not classified

because none of the questions were directly related to it. Throughout the

interviews, there were some major terms and concepts (identified as folk concepts)

recurring, such as "dew," "heat," and "cooling," which may or may not be

supported by scientific evidence but permeate in the villagers' beliefs and their

daily operations.

The villagers seemed to have a worldview in which the survival of the Self

was the priority. The possession of appropriate knowledge was seen as important

for the proper functioning of the Self as well as for managing the relationship

between human and environment. What would be interesting, yet was lacking in

the study, is to explore the villagers' views about the development of knowledge.

By asking how they obtain appropriate knowledge about nature might provide

information about their learning (Duschl, Hamilton, & Grandy, 1992) and to further

fulfill the author's attempts to solve science education issues.

The analysis indicated that villagers engaged in the classification of various

aspects of the world based on the effects on the functioning of the human body.

The aspects of their classification included physical environment, herbs, food, and

people. Regarding the domains of Relationship and Causality, one important

principle derived from villagers' accounts was related to the lack of control over

certain aspects in the environment. All villagers were conscious of the lunar cycle,

which represented one of their conceptions of Time. It was noted that young

villagers did not seem to apply school science concepts to explain natural
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phenomena. The findings of this study highlighted a dynamic status of villagers'

woridviews. George in his 1995 article had found some evidence suggesting that

students and other individuals combined aspects of the traditional system with

aspects of science (George, 1995). While the study was not conducted in the

school setting, how students' worldviews impact on their learning of school science

still remained unanswered.

Given that attempting to nationalize Western science curricula was likely to

be ineffective because of the disconnectedness of students' woridviews and school

views, Waldrip and Taylor (1999) conducted an empirical study to examine the

permeability of students' woridviews to the official Western school view in a

developing country The study took place in a small South Pacific country. The

country frequently received overseas educational aid and most local curriculum

development was funded through outside sources. The science curriculum in the

schools was imported directly from a nearby Western country. Science teachers in

the country generally applied didactic teaching approaches and implemented

curricula with very little adaptation to the local cultural contexts. The primary

purpose of the teaching was to enable students to be successful in

government-mandated external examinations. In addition, the career goal of most

students was to obtain well-paid employment with the government.

The study aimed to investigate the extent to which the school view was

perceived as being relevant to the practices of traditional village lifestyle. The

interpretive-ethnographic methodology was employed and two assertions were then

proposed. The first assertion was: "In the context of this developing country,

enculturation into a Western school view has a deleterious effect on the perceived

status of students' traditional worldviews." A lack of traditional knowledge was

found in students' responses. Only one student had insightful accounts of

traditional practices and stories. Yet, the quote from the student showed a conflict

between his values of traditional practices and scientific rationality. Waldrip and

Taylor argued that scientific inquiry is based on a rationality, which is analytical
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and reductionist, quite different from that of the traditional woridview of the

villagers. All students seemed to deny or feel embarrassed by their traditional

worldviews and attributed ownership to their parents rather than to themselves.

On the contrary, the village elders thought that young people devaluated the

traditional knowledge. It was inferred that students' enculturation into the

Western school view, especially a scientific culture, had resulted in a sense of

cultural cringe away from traditional woridviews.

The second assertion was: "In the context of this developing country, a

Western school view is of limited practical viability in relation to traditional values

and practices." It was found that what the students learned at school was not

viable within the context of their village lives. The elders and parents considered

schooling as being responsible for teaching students to behave in ways contrary to

accepted village practices. On the other hand, some students claimed they no

longer understood village traditions and tended not to participate in certain aspects

of village life. The goal of education should be to provide people with valuable

skills that enrich the existing village practices. Yet, the findings of this study

revealed the irrelevancy of new Western ideas for the daily life of the village. For

example, students perceived that the agricultural science methods they learned in

school were not necessarily superior to traditional methods. Some of them even

believed that traditional ways of using local resources are better for them to survive

in the village. In addition, the learning methods valued by the school also

conflicted with their traditional practices. For instance, solving problem

independently and creatively was encouraged at school, whereas imitation was the

learning method the villagers applied. The didactic teaching approaches then

seemed to serve the best way to transfer knowledge by requiring students to copy

the teacher's work without sharing ideas with peers.

Even though the villagers sensed the harmful effects of schooling, they

respected the purpose of education as having economic benefit. It is assumed that

school science education should aim to help people improve their future lives.
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However, the case in this study indicated that school view conflicted with

traditional values and practices, and hence made young people disrespect their

traditional lifestyles. The only perceived benefit of formal education was to

improve household income. Furthermore, the villagers, including high school

students, did not deem the school view to be useful for improving knowledge and

skills to survive in the village. The findings of this study suggested the need for

the change of the curriculum development by integrating the villagers' woridviews.

Data from classroom observations should be conducted in order to gain insights

into the problems that students encountered in science classroom.

Research on Nonwestern Science Teacher Views of Science

This section aims to identify preservice and inservice science teachers' views

about science and to investigate their culture beliefs in influencing their science

teaching ideology and epistemic views of science in nonwestern contexts. Some

studies were intended to find out the relationships between teachers' views of the

NOS and their cultural identities. The others highlighted the importance of

integrating culture contexts into the content of science curricula.

Views of the Nature of Science from Nonwestern Teachers

Cobern (1989) conducted a study to investigate Nigerian preservice science

teachers' views of NOS using the responses of American students published in the

study by Andersen, Harty, and Samuel (1986) as a basis for comparison. In this

comparative analysis, Cobern was cautious not to pit one national group against

another. Instead, he was concerned about how the image of Western science is

understood in nonwestern societies.

The data-gathering instrument was the Nature of Science Survey (Kimball,

1967), consisting of 29 Likert-scale items. The content and construct validity of

this survey had been established in the previous studies. The reliability for
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Andersen et al.'s sample was 0.74 and for Cobern's sample was 0.71 using KR-20

formula. Thirty-two Nigerian preservice teachers were involved in this

investigation. The data from 21 American preservice teachers published in

Andersen et al.'s study (1986) was used as a basis for comparison. The item

means representing both Nigerian and American preservice teachers'

understandings of NOS were analyzed when the mean differences of 0.5 or greater

were identified. The selection criterion at 0.5 was arbitrarily decided as having a

minimum difference for practical significance. The identified items were then

tested for statistical significance by using the t-test at p< .05 level.

The results indicated that Nigerian preservice teachers were much more

inclined than their American counterparts to view the purpose of science in terms of

technology and development. On one item, Nigerian teachers tended to agree that

most scientists are reluctant to share findings with foreigners, being mindful of the

problem of national security, while American teachers disagreed. Cobem viewed

this item of special interest because it raised the issue of nationalism. The

findings of this study called for a research attention on the NOS views possessed by

people in developing countries and what image of science is carried in the

international media. The results showed that Nigerian teachers were much more

inclined to see science as a way of producing useful technology and view scientists

as nationalistic and secretive. Whether these views are consequences of culture,

education, or perhaps the international portrayal of science needs further

investigation.

Haidar (1999) investigated preservice and inservice teachers' views of the

NOS in the United Arab Emirates (UAE). The study attempted to tackle the issue

regarding the conflicts between traditional views about NOS and religious beliefs

influencing Emirates teachers' views about science. Teacher preparation

programs in the Arab countries mostly focused on teaching about the body of

scientific knowledge and sometimes provided a small unit in a methodology course

dealing with the NOS from the traditional Baconian view. On the other hand,
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Arab culture shaped by the Islamic woridview, a belief that the purpose of science

is to discover God's wisdom in the universe and truth is not absolute because only

God knows absolute truth.

A questionnaire was designed in a bipolar form. The items were compiled

from a variety of the nature of science instruments, mainly from the VOSTS

(Aikenhead et al., 1989) and Palmquist and Finley's study (1997), as well as based

on the author's own expertise. Twenty-two items were distributed in five

categories: scientific theories and models, role of a scientist, scientific knowledge,

scientific method, and scientific laws. Respondents were asked to choose one of

seven choices on the continuum that extended from strong, moderate, slight

agreeing/disagreeing, and neutral on each end. The content validity was

established by distributing the questionnaire to four university professors in the

area of science education to gain at least 75% agreement on each item. Reliability

was 0.76 using split half technique.

Two groups of participants were involved in the study: preservice science

teachers (31 females) studying at the UAE University and high school chemistry

teachers (n=234, 43.1% males, 50.6% females, and 6.3% unknown) attending a

professional development program. The preservice teachers were recruited from

all over the western part of the Arab world, e.g. Egypt, Jordan, Syria, Sudan,

Tunisia, Algeria and Morocco. The high school chemistry teachers were working

at the public schools in the UAE and had a wide range of teaching experiences

(from 1 to over 25 years).

The overall results indicated that teachers' views of the NOS were mixed in

both the constructivist and traditional views of science. Regarding the category of

scientific theories, teachers' responses showed that teachers held two views

consistent with the traditional view, two views with constructivist view, and one

split between the two ends. About half of the teachers held a traditional view that

observation is not influenced by the theories that scientists hold. The majority of

teachers conveyed that theories are discovered and proven to be correct. However,
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many recognized that scientific models do not describe reality and scientific

theories are subject to change.

Haidar attributed the presence of the traditional views about scientific

theories to the westernization movement in the region during the early 1 960s and

1970s. Positivism has been dominant in scientists' and science educators'

thinking since then. While the teachers' responses to the items regarding the

scientific model seemed to be consistent with an Islamic view about science,

Haidar concluded that the existence of constructivist views originated from

religious beliefs.

On the category of the role of a scientist, all of the items were geared toward

assessing respondents' understandings of subjective nature of science. The results

showed that teachers held traditional views on three items, constructivist view on

one item, and one mixed view. The view consistent with the constructivist view

was related to the existence of absolute truth in scientists' findings. It was again

attributed to the influence of religious background.

The third category was related to the tentativeness and creativity in the

development of scientific knowledge. The results showed that, with the exception

of the traditional view that described the progress of science as simply an

accumulation of knowledge, teachers' views about scientific knowledge were

generally consistent with the constructivist view. In the category of "scientific

method," the results suggested that teachers viewed the scientific method as a

step-by-step process and a way of validating theories, but at the same time,

recognized that there is more than one method to perform science. According to

these results, Haider concluded that the traditional views of scientific method was

due to the science curriculum, while the constructivist views could be attributed to

teachers' religious beliefs in that science is not the only way of knowing.

Three items constituted the fifth category, scientific laws. The participants'

responses to the items were inconsistent due to the design of the instrument.

Responses to one of the question items indicated that the majority of the
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participants (71%) believed "scientists interpret the laws found in nature"

(traditional) rather than "invent scientific laws" (constructivist). Responses to the

other question item showed that the majority of teachers (61%) tended to disagree

that scientific laws can be proven to be absolutely true. This type of

incommensurable views has previously been identified by Lederman and O'Malley

(1990). By using paper-and-pencil instrument, researchers are likely to interpret

respondents' views based on their agreement or disagreement on the statements

without elucidating and clarifying their views in different contexts (Abd-El-Khalick

& Lederman, 2000). Follow-up interviews would be useful to resolve such a

problem.

Haidar constantly advocated that the existence of traditional views of science

could be explained by historical factors in that Western science was presented as

the only way of knowing and developing their countries. Educational

environment embodied with traditional view of science also shaped the

participants' views. Haidar inferred that teachers' constructivist views of the NOS

resulted from their religious beliefs. This inference was merely drawn upon the

analysis of the conflicts between Islamic and Baconian views about science. No

effort was made to specifically delineate the interplays between participants'

religious beliefs and their conceptions of the NOS.

Zimmermann and Gilbert (1998) conducted a case study to discuss a

Brazilian secondary physics teacher Sergio 's models of science and the

consequences for his classroom practice. There were four models of science

defined by the authors, including inductivist, hypothetico-deductivist, contextualist,

and relativist models. On the continuum of these models of science, contextualist

and relativist models are more consistent with contemporary views of NOS.

Through examining a wide variety of data over a long period, this teacher was

identified to hold inductivist and contextualist views of the nature of science under

different contexts. The results suggested that historical, educational, and cultural

backgrounds informed the source of his contradictory views.
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Based on naturalistic inquiry paradigm (Lincoln & Guba, 1985), this study

used the techniques including long-term engagement with the teacher, frequent

observation, triangulation, peer debriefing, and audit trails to establish

trustworthiness. Data sources included individual interviews, group interviews,

classroom observation, informal interviews, and other documents. A system of

categories was derived from the data of teacher's viewpoints, stated behaviors, and

actual classroom events. The initial categories and subcategories were refined as

new ideas emerged from searches of documents. Analysis of the interviews was

used as a basis for examining possible differences between teachers' described

perceptions and those inferred from the classroom observations. Analysis of

classroom observations aimed to look for patterns andlor contradictory data and

then to expand or restrict categories from the analysis of interviews. The potential

bias was checked by other research colleagues and two school teachers. A

limitation of the data analysis, as noted by the authors, was related to a loss of

meaning occurred in the translation from Portuguese to English. This seems to be

an inevitable problem for each study conducted under non-English speaking

environment. The back translation strategy might help remedy this problem.

Sergio's responses were classified into spontaneous and liberated conceptions,

which were used for analysis and interpretation of his thinking. Two different

models of science Sergio held were identified to be dependent on three background

elements: historical, educational, and cultural. The historical element was

attributed to Sergio's reading of the history of science, while the educational

element was resulted from his school-based knowledge. Sergio did not take

courses regarding the history and philosophy of science during his undergraduate

period, but had read some books about the history of science. It was inferred that

his contextualist model of science was developed from such reading. The cultural

element was defined to be Sergio's disbelieves in religion and astrology.

Zimmermann and Gilbert concluded that Sergio's reading of history of science

pulled him to a more contextualist view of science but brought him close to
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irrational knowledge of religion. Such a conflict reinforced by his school

knowledge led him to adopt an inductivist view of science.

As discussed above, Sergio held two different views of science that seem to

be resulted from his educational and historical backgrounds, respectively.

However, classroom observations indicated that only the inductivist model guided

his classroom practices. Sergio tended to present physics content knowledge as

factual, normative, and as a prescriptive system of rules that represents the truth

about the world. These views reflected on his lesson planning that consisted of a

sequence of "facts" and "rules" to be transmitted. Moreover, his classroom

discourse conveyed a belief in stepwise rules to solve physics problems. The

authors claimed that, although Sergio seemed to be skeptical about the inductivist

model of science, his classroom messages supported by his educational background

and denial of pseudoscience and the paranormal were inductivist.

A major recommendation made by this study was the value of interviews.

Zimmermann and Gilbert claimed that the interviews, including individual and

group interviews, provided Sergio with opportunities for reflective thinking and

stimulated perturbation of his views of NOS. However, this inference was made

without any empirical basis. Whether the conceptual change can be merely

induced by interviews needs further discussion. This study also provided an

implication regarding the cultural setting in Brazil. According to the authors,

Brazilian population is very keen on spiritual religions, believing in pseudoscience

and the paranormal. Those who are very enthusiastic about mysticism might

embrace a very relativist view of science. On the contrary, science teachers who

have contacted scientific views and are responsible to teach students science as

opposed to mysticism and pseudoscience are inclined to deny a relativist view

about science. The authors inferred that the Brazilian cultural background might

influence teachers in opposite directions in which inductivist views are welcomed.

This reflects a need to study the relationship between one's cultural beliefs and his

view of science.
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Teachers' Woridviews and Views on Science Teaching and Culture

It has been widely accepted that success in the teaching-learning process

relies on a clear understanding of the sociocultural environment of the learner

(Cobern, 1993b). Exploring a learner's worldview thus has received an increasing

attention among science educators. An international cooperative study (Ogunniyi,

et al., 1995) conducted by a group of researchers from several nonwestern countries

was intended to answer whether and to what extent the woridviews in various

nonwestern societies might vary. The worldview presuppositions held by science

teachers from five countries, Botswana, Indonesia, Japan, Nigeria, and the

Philippines were identified.

The instrument consisted of eight fictitious stories that were designed based

on eight predefined categories of woridview presuppositions, including magic,

mysticism, spiritism, parapsychology, metaphysics, pseudoscience, rationalism, and

science. The first seven categories to represent the nonwestern presuppositions

were mainly based on the judgments of the first author who had expertise in the

area of social anthropology and science education. The stories contained one to

four sentences describing some fictitious human experiences (e.g. Bermuda

Triangle, afterlife experience, and traditional healer) and phenomena that could

have different explanations (e.g. animals sense environmental change and magnetic

field helps seed germination). There were five statements with explanations

relevant to each story. Respondents were asked to read each fictitious story and to

rate each explanation by giving responses of agreed, disagreed, or undecided. The

content validity of the instrument was checked by a panel of 10 experts in the fields

of science education, history, philosophy, and sociology of science. However,

there was no description regarding how the consistency of five language versions

of the instrument was examined. It is not clear whether the linguistic and cultural-

specific views were taken into account while the question items were designed.

The sample was selected based on the availability of preservice and inservice

science teachers from nonwestern countries in which the authors resided at the time
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of the study. A total of 215 science teachers completed the questionnaire, 31 from

Botswana, 20 from Indonesia, 59 from Japan, 50 from Nigeria, and 55 from the

Philippines. The percentages of response choices (agree, disagree, and no opinion)

were calculated to form the woridview profile of science teachers of each country.

For most of the categories, the percentages of response to each statement were alike.

No particular patterns for each country in terms of the predetermined categories

could be identified. In summary, the results showed that the teachers of the study

held a multiplicity of worldview presuppositions and their views, irrespective of

cultural differences, were identical. The teachers generally agreed more with

statements dealing with metaphysics, parapsychology, pseudoscience, and science

than with statements dealing with magic, mysticism, and spiritism.

It was found that the disagreement percentage was generally higher than the

agreement percentage on the statements dealing with rationalism and science.

Ogunniyi, et al. cautioned that it could be a reflection of the subjects' inaccurate

conceptions of the NOS. They inferred that the teachers were influenced by both

scientific and nonscientific woridviews. Further investigation on the pattern of

responses needs to be conducted in order to understand the interplay between

scientific and nonscientific worldviews held by nonwestern teachers.

Oguriniyi and his colleagues made some arguments to reflect the findings of

the study, namely that: (a) science teachers often hold inadequate viewpoints about

the NOS; (b) science teachers may have entered and left schooling with several

different understandings of the NOS which coexist and compete with their

woridview presuppositions; and (c) science teachers from nonwestern cultures do

not seem to make a clear demarcation between the scientific and nonscientific

worldviews. The findings of this study implicitly indicated that teachers held

nonscientific and scientific viewpoints at the same time. However, a

comprehensive picture about the teachers' woridview presuppositions could hardly

be obtained merely from the quantitative data. Furthermore, there were no

specific attempts to assess these teachers' understandings of the NOS in the study.
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Thus, the authors' arguments regarding teachers' NOS conceptions and their

woridviews were made without sufficient evidence.

Lawrenz and Gray (1995) conducted a research to identify woridview

components in a South African context and to examine the relationships among

preservice secondary science teachers' woridviews, characteristics, and scientific

concepts. The data-gathering instrument consisted of 14 demographic items and 6

woridview items. The open-ended woridview items were related to each of the

seven categories in Keamey's woridview model (1984). The content validity of

the questionnaire was established through panel reviews and pilot test results.

A total of 48 preservice secondary science teachers participated in the study.

They had completed three-year bachelor degrees in a subject area and enrolled in a

Higher Diploma in Education degree program to pursue teaching licenses. The

participants' ages ranged between 21 and 34, with 79% in the 22 to 24-year-old

range. Forty percent of the participants had studied physics at the college level,

while 92% had studied chemistry. On the other hand, 77% had studied botany and

zoology for at least one year and 38% continued to take biological science course

for three years. The participants came from locations including extreme rural

areas (25%), towns (19%), suburbs (45%), and cities (10%). The family types

included nuclear (70%), extended (21%), and fragmented (8%) family situations.

Eleven percent of them had a Moslem background, while the remaining 89% were

Christians. Only one student was white. Although Afrikaans and English were

common languages, there were some other home languages the participants used,

including Xhosa, Setswana, Sesotho, German, and Arabic. It appears that the

participants in this study had diverse ethnic backgrounds.

Two categories emerged from the responses to the item regarding the

perception of distance were distances that were described in a personal framework

(62%) and that were given in an actual number (3 8%). As to the notion of time,

two categories were defined to be actual time (62%) and relative time (27%). It

was noted that most of the participants did not use absolute measurement-oriented
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examples. In addition, very few of them considered time and distances on an

astronomic or geologic scale. These findings implied that scientific worldview

had little impacts on participants' common sense or non-science perceptions.

The participants' responses regarding time orientation ranked from the

present (48%), the future (3 8%), to the past (6%). Participants used "ability to

control it" as a reason to justify the choice of the present and the future. Lawrenz

and Gray inferred that the notion of control in participants' views was related to

believing in controlled experiments as evidence for making decision.

Approximately 63% of the participants agreed with the statement, "human beings

should learn to live in harmony with the world the way it is and not try to control

it." The categories for the explanations were: "humans destroy the world with

control" (25%), "humans being part of the nature shouldn't try to control it" (2 1%),

and "considerations of a more philosophical nature" (17%). The three categories

for disagreement were: "control makes the world better" (17%); "control is

necessary for human survival" (8%); and "control won't hurt the world" (12%).

Analysis of responses to question 6 revealed that the participants listed a

variety of causes and the answers regarding how to prove it were also quite diverse.

Seven categories were defined. Four of them fit within scientific continuum:

controlled experiment (17%), if-then proposition (17%), showing a possible cause

(8%), and giving a scientific explanation (35%). This result implied that many

participants preferred to give an explanation of a phenomenon as opposed to

provide evidence. They tended to recite something they had learned as a

scientifically correct explanation and feel that giving an explanation would be

sufficient proof to the cause. This was interpreted as a tendency toward

authoritarianism. Lawrenz and Gray cautioned that authoritarianism would have

negative influence on the participants' teaching.

The relationships between woridview item categories and student

characteristics and the relationships among worldview item categories were

analyzed by using the Chi-square tests. The perceptions of time were related only
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to home location (p= .01). Participants from rural area all chose actual time

examples. Likewise, those from rural area and towns were more likely to select

numerical distances than were those from more urban areas (p .02). Christian

participants were more likely than Moslem participants to select numerical distance

(p= .18). There was a relationship between type of proof and studying physics

and biological sciences. Students who had not taken physics were more likely to

suggest explanations as a type of proof(p= .05). In contrast, those who took more

physics courses seemed to have a more numerical, orderly, and controlling view of

the world (p= .14). Yet, the p-value that determined a statistical significance in

the study was relatively liberal.

There were several relationships among the worldview items. The

Chi-square values were not provided in these analyses except the one for the

relationship between perception of distance and control of world. As reported, the

time and distance categories were related to each other. Participants who chose a

numerical time tended to choose numerical distances. Categories of proof were

related to the time and distance woridview items. Participants who gave if-then

proposition examples were more likely to give examples of actual times and

numerical distances. Agreeing or disagreeing with the statement that "humans

should not control the world" was related only to the time and distance woridview

items. Participants who believed that humans should control the world were more

likely to give numerical examples of time, while those who agreed that humans

should not control nature were more likely to give a personal example of distance

(p =.09). From these findings, a mechanistic-personal continuum was generated

to examine aspects of woridviews.

Using the continuum, Lawrenz and Gray interpreted the findings that "people

on [personal] side of the continuum are more likely to express time and distance in

personally relevant ways, to take life science coursework, to use less sophisticated

types of proof, and to believe that humans should not control the world." In

contrast, the worldviews located on the mechanistic side were closer to a physical
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indicated that most of the South African preservice teachers held nonmechanistic

and psychological conceptions of time and distance and believed in

authoritarianism. Lawrenz and Gray suggested that science was not well

integrated into most of the participants' worldviews, although they had taken many

science courses at the secondary and college level. With this in mind, science

educators should be more aware of the differences in woridviews.

It has been a common belief that traditional worldviews in nonwestern culture

represents a perception of reality that is different from the scientific woridview to

be developed in science education. Many studies in developing countries were

based on the assumption that students as well as teachers growing up in a

traditional society have encountered the contradiction between the two worldviews.

Shumba's study (1999) was seeking to measure secondary science teachers' level of

commitment to traditional culture in Zimbabwe and how this orientation was

related to their beliefs concerning science instructional ideology.

Zimbabwean culture was multiethnic, multilingual, and multicultural.

Although many Zimbabweans had adopted Western material values and their

religious beliefs were influenced by Christianity, the indigenous woridview based

in traditional custom and lifestyles of Shona and Ndebele ethnic group was

pervasive. Overall, the traditional Zimbabwean philosophies and values were

spiritualism, authoritarianism, metaphysics, and harmony (nonmaterialism). The

cosmological reasoning dominated their thinking about cause, leaving relatively

little room for experimentation.

The instruments were to assess science teachers' Orientation to Indigenous

Culture (OICS) and Instructional Ideology Preference (STIPS). The OICS was

developed by the author and contained 42 statements assessing the respondents'

level of agreement to the assertion on a five-point scale. The question items were

reviewed by one expert in science education and three experts in Shona religions,

philosophy, and languages. As was indicated, the data collected in the
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investigation also served the validation purpose. There were eight categories in

the OJCS scale that reflected African cultural variables in terms of reverence for

authority, sex roles (i.e. endorsing inequality between sexes), view of nature, causal

attribution (i.e. attributing success and failure to ancestors or to spiritual agents),

family structure, religious ideology (i.e. orienting traditionalist religious beliefs),

problem solving (i.e. preference to authoritarian procedures for problem solving),

and orientation to social change (i.e. level of preference for the tradition). The

construct-related evidence of validity was established by examining correlation

between the OICS score and its eight subscores. The correlation coefficients

among the subscales showed that all the subscales were relatively independent from

each other. The reliability of the whole scale was .71 (split-half correlation).

The STIPS was developed by Jones and Harty (1978) and composed oftwo

10-item subscales: the inquiry and traditional instructional preferences. The scale

was to assess respondents' beliefs about how science should be taught in their

classrooms. The reliability based on split-half correlation coefficient was .54 for

the inquiry subscale and .59 for traditional subscale. These coefficients were

substantially low, which might affect the interpretability of this scale. One of the

research questions was related to science teachers' conceptions of the NOS.

However, there was no particular instrument to assess teachers' views of the NOS

in the study, but instead, only two items in the STIPS were used to interpret

teachers' misconceptions of the NOS. One item referred to that "The true nature

of science should be illustrated to the student through the study of its technological

applications and achievements." This statement elicited responses related to

pedagogical aspect rather than the understanding of NOS. The other one was:

"Investigations should follow the scientific method as the best means for all to use

to make discoveries." This item was dealing with the misconception of the

existence of a single scientific method.

The sample for the study consisted of 63 certified secondary science teachers

who started the final year of a 2-year bachelor of education degree program at the
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University of Zimbabwe. About 87% of them were male. Forty-five teachers

(71%) grew up in a religious environment in which both Christianity and traditional

religions were practiced. The majority (97%) came from rural areas, including

mining center and commercial farms.

The comparison between the mean score and neutral score of each scale and

subscale was used as an index to interpret teachers' orientations. The OICS score

was 102.49, which deviated significantly from neutral score of 126 (t-13.65,

p<.00l). The scores indicated that this sample of science teachers had a

constantly low orientation toward indigenous culture in Zimbabwe. The

responses to the items concerning the sex role stereotype and problem solving

showed the lowest mean scores. As to the social change, the teachers' orientation

was positive and nonconservative. They expected some changes in traditional

values and beliefs. The analysis of assessment on causal attribution and religious

ideology indicated that most teachers were not inclined toward indigenous religious

beliefs and did not appear to accept spiritual causes of events or hold superstition

regarding the cause of accidents. Yet, the teachers generally believed in a

harmonious human-Nature relationship.

Data from the inquiry instructional preference subscale on the STIPE

indicated that the science teachers had a mean score of 38.35 on the inquiry

preference subscale, which was significantly higher than the neutral position of 30

(t= 15.68, p<.001). In general, the teachers accepted the idea that students should

have greater responsibility in accomplishing learning outcomes by inference, by

discovering, or by having them figure out important concepts. They also agreed

that during instruction, alternative viewpoints or explanations should be

encouraged.

The responses to the traditional subscale showed that the science teachers

held a preference for traditional noninquiry instructional strategies (t6. 19, p<.001).

Most of the teachers still believed that students should be explicitly told important

concepts and should be given specific directions for experiments. On the two
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items that represented the misconceptions of NOS, the data indicated that the

majority of the teachers (about 90%) tended to view science in terms of its

applications in improving human welfare and production of useful technology, and

also believe in a single scientific method with a number of procedural steps. This

interpretation seemed to conform to the author's previous findings in 1995, in

which the relationship between OICS and inquiry instructional ideology, nature of

science (NOSS, Kimball, 1967), nature of scientific knowledge (NSKS, Rubba &

Andersen, 1978), and environmental conservation awareness scores was studied.

The analysis indicated that there was a significantly negative relationship between

scores on the traditional subscale of the STIPS and NOS (r -.44).

The correlation analysis on both the inquiry subscale and the traditional

subscale scores indicated that teachers who were inclined to adopt inquiry as

instructional strategy were likely to have a lower level of orientation to indigenous

culture. Age and teaching experience were significantly positively related to both

traditional instruction ideology and OICS but negatively correlated to inquiry

instructional ideology. This inferred that older teachers tended to have a higher

level of commitment to indigenous culture and relatively less preference for

inquiry.

Shumba concluded that the science teachers in the study were not strong

traditionalist but maintained some traditional posture with regard to aspects of

traditional authority, religion, view of nature, and social change, and that they

showed a much shift away from tradition with regard to sex roles, causality, and

problem solving. While appraising the balance of tradition and change, Shumba

raised a concern of the loss of traditional belief. He cautioned that adoption of

scientific viewpoints should not occur through loss of the social coherence and

unity of tradition. As such, an important issue in science education for

nonwestem countries should be to critically examine Western science relative to

local woridviews.



50

A cross-cultural study conducted byAikenhead and Otsuji (2000) was

primarily to examine what teachers understand about the connection between a

student's home culture and the culture of Western science conveyed in the

classroom. With a line of research, Aikenhead and others had contended that

culture clashes occur for both western and nonwestern students whose woridviews

differ from the scientific woridview conveyed by school science (i.e. Aikenhead,

1996; Costa, 1995; Ogawa, 1995).

Two target groups of science teachers from two countries were chosen

through different selection procedures. For Canadian group, the sample consisted

of teachers who were nominated by administrative leaders and taught science to a

significant number of Aboriginal students in grades 7 to 12 across the northern half

of the province of Saskatchewan. A total of 25 Canadian participants including

three Aboriginal science teachers participated in this investigation. In Japan, the

sample was randomly selected from two professional societies for science

education. The data were received from 135 respondents who served in a range of

teaching duties, including classroom teachers, administrators, teacher educators,

and others. Apparently, the sample size and demographic data between the two

groups were not alike. Under such a research setting, three cultural experiences

different between Canadian and Japanese samples were identified to be national

cultures, home cultures, and whether or not they shared the culture of their

students' home culture.

An international Science and Culture Nexus (SCN) instrument consisted of

67 Likert-scale items was used to assess science teachers' views on five topics:

science, science and culture, science and everyday common knowledge, culture,

and teaching and learning science. The instrument was developed by a team of

international science teacher educators from Australia, Canada, South Africa, and

United States. The validity and reliability of the Japanese version had been

investigated by Jegede and Ogawa (1999). They conducted factor analyses with

the data from same group of Japanese teachers in this study and reported an Alpha
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reliability of .87. However, there were no reliability measures for Canadian

(English) version. T-test was used to determine statistically significant differences

between two groups' means for each item.

On the views of science, although Japanese term of science (technoscience)

seemed to be different from the original definition of Western science, both

Canadian and Japanese teachers had similar pattern of responses to most of the

items on the "Science" sub-scale. Both groups strongly agreed on science as a

way of knowing about the world and universe, but held narrow views about the

relationship between science and technology. Under the subscale of culture, both

groups had similar patterns of responses. Exploring teachers' views on the

science and culture nexus (connection) was the maj or goal of this study, which was

mainly assessed in the "Culture and Science" and "Science and Society" subscales.

Many differences were found between two groups and suggested as being

culturally based. First, Japanese teachers disagreed significantly more (t-3.6,

p<.Ol) than Canadian teachers with the statement, "Science is often seen as a

subculture of Western science," while Canadian teachers were more inclined to

state science as a tool for colonization. Secondly, Japanese teachers were more

likely to view the work of scientists by reflecting the values and beliefs of scientific

community (t=2.30, p<.O5) and less likely to view science as being independent of

a scientist's culture (t=-2.35, p<.O5). Thirdly, the Japanese teachers believed that

school science content reflected the local culture, while the Canadian teachers

significantly rejected the idea (t=3 .57, p<.Ol). On the other hand, Canadian

teachers held stronger beliefs on the relevancy of scientific ideas and everyday

common knowledge, while Japanese teachers tended to see scientific evidence as

being foreign to everyday knowledge. It seemed that there were some

contradictions between their beliefs of the power of school science and views of

feasibility of scientific knowledge in everyday life.

As to the outcomes of school science instruction, teachers expressed

significantly opposite views about the nature of school science impacts on students.
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Canadian teachers tended to believe that learning science could empower

nonwestern students and help the progress of nonwestern countries, while Japanese

teachers tended to disagree. However, both groups believed that aboriginal!

nonwestern students would not lose indigenous knowledge by learning scientific

knowledge. As Aikenhead and Otsuji's interpretation, individual empowerment

and national progress in Japanese views seemed to be influenced by aspects of

culture.

Two additional implications were drawn in this study. First, both groups of

science teachers were unaware of the culture clashes experienced by students in the

typical science classroom. The second implication was related to how to teach

science to students who have holistic woridviews toward nature. Reductionism is

claimed to be a cultural feature of science. Aikenhead and Otsuji believed that

"this feature will likely be more accessible to holistic thinking students when

reductionism is treated as a cultural component to science rather than being treated

as the only correct view of humankind's relationship to nature" (p.295-296). As

such, the cultural aspects of science need to be conveyed to students and teachers.

Several suggestions in terms of cross-cultural perspective on science education

were made, which, however, were theoretical rather than practical.

Summary and Discussion

The empirical studies examined in this review can be divided into two lines of

research. The first aims to explore students' and teachers' views of science in

nonwestern contexts. The second line of research attempts to discuss the impacts

of traditional woridviews, which seem to be at odds with western scientific

woridview and school science, on the learning and teaching of science in the

nonwestern contexts. In this section, some important findings and implications

derived from the examined articles are summarized, along with critical appraisal of

the research methodologies.
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Nonwestem Students' and Teachers' Views of Science

Two studies (e.g. Lin, 1998; Liu, & Lederman, 2001) assessing students'

understandings of the nature of science were conducted in Taiwan. Lin's study

involved a large number of high school students in a capital area, while Liu and

Lederman's study investigated a particular group of gifted seventh-grade students

who participated in a science camp designed by an American university. In Lin's

study, students' NOS understandings were assessed by a standardized instrument

and seemed to reach an acceptable degree with an average score higher than the

mid-score of the instrument. However, results for individual items and interview

data did not completely support the conclusion drawn based on the average score,

and thus caused concern about the validity of the instrument. Liu and Lederman

found that the majority of the gifted Taiwanese students held basic NOS

understandings prior to the NOS instructions and inquiry activities. Yet, the

students' extracurricular experiences might act as a confounding variable in

influencing their NOS conceptions, suggesting the necessity of further

investigations about the relationships between learners' socio-cultural values and

their NOS understandings and science learning.

Tamir 's study (1994) with Israeli middle to high school students indicated that

these students generally had an adequate understanding of the tentative nature of

scientific knowledge. In comparison to the responses of British students, Tamir

also found that Israeli students showed a strong tendency to view science as a body

of knowledge useful for future careers and the development of countries, but did

not value the usefulness of scientific knowledge to their everyday life and to

society as highly. Similarly, BouJaoude and Abd-El-Khalick's study (1995) found

that most Lebanese middle school students and their teachers defined science as an

academic subject pertinent only in school related settings.

Cobern (1989) investigated Nigerian preservice science teachers' views of the

NOS by using the responses of a sample of American students as a basis for
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comparison. The results revealed that Nigerian preservice teachers were more

inclined than their American counterparts to view science as a means to produce

useful technology. Aikenhead and Otsuji (2000) found that both Canadian and

Japanese teachers tended to commit themselves to a narrow view of the relationship

between science and technology. More Japanese teachers than Canadian ones

recognized the influence of social and cultural factors on science, but Japanese

teachers also tended to see scientific knowledge as irrelevant to everyday common

knowledge.

Based on such observations, it becomes clear that students and teachers in

nonwestern countries tend to view science as close to technology, as being useful

for future careers and the development of their countries, and as an academic

subject that provides knowledge used only in school related settings and of little

relevance to everyday life. In other words, they were inclined to view science as a

materialistic benefit rather than a way of knowing nature. Furthermore, the

findings of these studies implied that science is not involved in the nonwestern

learners' everyday thinking. That is, the scientific view of the world may not be

consistent with their views. Therefore, studies of the differences between the

worldviews that learners bring into the classroom and the scientific view

specifically conveyed by school science may generate fruitful information

regarding science learning and teaching.

Traditional Worldviews' Influence on Science Learning and NOS Views

Allen and Crawley (1998) conducted a study to compare the worldviews of

Native American students of a traditional Kickapoo Band with the worldview often

conveyed by school science. They found that students' views about the nature of

knowledge (including scientific knowledge) were positivist that was similar to the

views conveyed by science teachers and texts. They inferred that students'

epistemological beliefs were likely to originate from school experience rather than
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from cultural inherency. Conflicts were found to exist between the preferred

methods of teaching/learning and cultural rules for behavior between students and

instruction.

George's investigation (1999) revealed that the system of traditional practices

and beliefs is still pervasive in the context of a village in the West Indies. The

findings implied that students and teachers who have some level of commitment to

traditional wisdom are likely to find themselves functioning in two worlds - the

traditional world and the world of science. Another study performed by Waldrip

and Taylor (1999) examined the permeability of students' worldviews to the official

Western school view in a developing country in the South Pacific. They found

that the villagers did not perceive science as useful for improving knowledge or

one's skills for survival in the village, but were only willing to recognize its benefit

of increasing household income.

In an international cooperative study, Ogunniyi, et al. (1995) concluded that

teachers from five nonwestern countries held a multiplicity of worldview

presuppositions and that their views were identical, irrespective of geographical

locations. Their results also showed that the teachers' agreement percentage on

the statements under the category of rationalism and science was relatively low.

However, further investigation on the pattern of responses is needed in order to

understand the interplay between scientific and nonscientific worldviews in those

nonwestem teachers' instructions. Lawrenz and Gray (1995) proposed a

personal-mechanic continuum to interpret the worldviews held by a group of South

African preservice teachers. Their findings indicated that the majority of the

participants' conceptions of time and distance were nonmechanistic and

psychologically bound. They also warned that these preservice teachers tended to

accept authoritative evidence rather than empirical testing to be a sufficient

explanation of the natural phenomena.

Shumba (1999) investigated secondary science teachers' level of commitment

to traditional culture in Zimbabwe and their beliefs regarding science instructional
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ideology The correlation analysis implied that teachers who preferred inquiry

instruction tended to be less committed to indigenous culture. The study was also

intended to discover whether teachers' cultural orientation is related to their

conceptions of NOS, but no direct assessment was conducted to examine teachers'

NOS views. A similar methodological problem was found in Haidar's study

(1999), another case in which participants' woridviews were not assessed.

Haidar's investigation was intended to address the conflicts existing between

traditional views of NOS and religious beliefs affected Emirates teachers' views of

science. Hajdar claimed that the existence of traditional views about NOS should

be attributed to a science curriculum and education system that highly embraced

traditional Baconian views of science. He further asserted that teachers'

constructivist views of the NOS resulted from their religious beliefs. Yet, none of

the question items were specifically designed to assess teachers' religious or

cultural beliefs.

Zimmerman and Gilbert (1998) conducted a case study to discuss a Brazilian

secondary physics teacher's models of science and the consequences for his

classroom practices. Results indicated that the teacher's reading of the history of

science led him to hold a contextualist model of science, while he developed his

understanding of the inductive model of science through his educational

background and disbelief in pseudoscience and the paranormal. Zimmerman and

Gilbert implied that the teacher's Brazilian cultural background, rich in paranormal

tradition, might have influenced him to reject that culture of thought and embrace

the inductivist views. However, the study paid little attention to examining the

teacher's religious and cultural beliefs and how these beliefs may have influenced

his view of science.

Clearly, many researchers have dedicated themselves to exploring the impacts

of sociocultural factors on science learning. Results of their studies generally

suggest that traditional woridviews negatively affect science learning, especially

when science is presented in a conventional positivist fashion. On the other hand,
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the attempt to examine the relationship between science teachers' understanding of

the NOS and their religious beliefs (Haidar, 1999), commitment to traditional

cultures (Shumba, 1999), or educational background (Lawrenz & Gray, 1995;

Zimmermaim & Gilbert, 1998) is also evident in the literature. Unfortunately,

none of these studies provide sufficient evidence to allow one to draw direct

conclusions, so further research on this topic is still needed.

Recommendations

The literature examined in this review has included studies conducted in

Chinese culture, the Arabic world, and some other indigenous traditions. If one

considers the diversity of cultures, these studies are apparently very limited. A

recent issue ofScience Education (volume 85, issue 1, 2001) consists entirely of

position papers discussing multicultural science education and the nature of science,

but the topic itself is insufficiently researched.

Few studies have explicitly explored the influence of a learner's worldview or

cultural background on his/her understanding of the NOS. Those that have

claimed to investigate the relationship between worldviews and views of science

have either revealed the differences between indigenous knowledge and scientific

concepts, or examined the conflicts of traditional values with school science or the

impact of these values on science learning. Additionally, the validity and

reliability of the paper and pencil instruments for assessing NOS conceptions and

woridviews, used by some of the studies examined in this review, has been

criticized. Researchers must, therefore, develop more valid assessments to

examine woridviews that represent a person's traditional knowledge and cultural

values and his/her conception of the NOS.

Since awareness of sociocultural perspectives of science education and NOS

research has been increasing in the international science education community, it

seems reasonable to propose the demands of cross-cultural comparative study.
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International cooperative projects aiming to compare the differences and

commonalties among populations with different cultural backgrounds may provide

useful information for science educators and curriculum developers to design

science instructions that are suitable for local contexts. Notably, the qualitative

and ethnographic (or naturalistic inquiry) methodologies have been recommended

as appropriate for cross-cultural research under the framework of worldview theory,

especially when a researcher attempts to understand an unfamiliar cultural context.

By involving nonwestern science educators in the efforts of cross-culture studies,

more productive data can be collected and analyzed.

As the studies reviewed in this chapter have demonstrated, international

science education has generally failed to produce citizens who are scientifically

literate and have adequate understandings of the NOS. Development of NOS

instruction that effectively communicates the contemporary views of the nature of

the scientific enterprise to students is an ongoing process in both western and

nonwestern countries. Additional concern in regard to science education in

nonwestern contexts has to do with the practical viability of science in the everyday

life of nonwesterners. The content, pedagogy, and discourse offered in the science

classroom are often different from the woridviews of nonwestem students. This

usually results students in being "outsiders" of science, or being compelled to

function differently in science world, where memorizing facts recorded in

textbooks is the most efficient way to deal with the conflicts between science and

their cultures.

Do students and teachers with different cultural backgrounds have different

views of the nature of science? On the basis of this literature review, the answer

to this question may not be conclusive. The literature shows that nonwestern

teachers and students are inclined to view science in a more materialistic and

practical way, which may be the result of the present school curriculum. If so,

research efforts should be directed to seek empirical evidence for comparisons

between a learner's sociocultural values (worldview) and his/her epistemological
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belief about science, as well as to evaluate the impact of school science on a

learner's image of science.
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CHAPTER III

DESIGN AND METHOD

The purpose of the present investigation was to examine the woridviews and

conceptions of the NOS held by preservice elementary teachers in the context of

Taiwan. Multicultural science education studies advocate that there is a

relationship between worldview presuppositions and scientific epistemological

beliefs. However, as was discussed in Chapter II, those studies neglected to assess

woridviews and NOS understandings independently in order to delineate the

relationship. Therefore, the additional intent of this study was to empirically test

the above assumption.

As an exploratory study, this investigation employed a descriptive research

design, which functions best to set forth some of the phenomena in science

education, such as people's woridviews and epistemological views about science.

Moreover, the primary concern of a descriptive research design is to determine

"what is" rather than to find causal inferences (Gall, Borg, Gall, 1996).

Delineating the relationship between worldview and NOS conceptions required an

open-ended approach because, as revealed in the review of the literature,

researchers have made the assumption without sufficient empirical evidence.

Qualitative methods of data collection and analysis were utilized, such as the use of

open-ended questionnaires and interviews (Bogdan & Biklen, 1992). This

approach provided respondents with opportunities to express their views freely, as

opposed to forcing them to choose answers among limited options predetermined

by the researcher. Follow-up interviews further served to verify the researcher's

interpretation of the responses. These qualitative data were analyzed to construct

patterns, trends, and categories of information for answering the research questions

as follows:
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1. What are Taiwanese preservice teachers' woridviews, based on Kearney's

logico-structural model?

2. What are Taiwanese preservice teachers' understandings of the NOS, with

a comparison to current conceptions of the NOS?

3. Is there a relationship between the participants' woridviews and their

conceptions of the NOS in the socio-cultural context of Taiwan?

Participants

Participants in the present investigation comprise a group of preservice

elementary teachers, who had taken science content and methods/practicum courses,

from a teachers college in central Taiwan. A total of 54 third-year students from

the departments of science education and mathematics education voluntarily

participated in the study. The Teachers College was upgraded from a 5-year

junior college to a 4-year college since 1987, continuously providing elementary

teacher preparation programs. The department of science and mathematics

education was then established. Its graduates usually had better training in

teaching science and were more likely to be assigned as science specialist teachers

in elementary schools. Due to extensive differences in the higher division courses

for science and mathematics professional requirements, and in order to fulfill

diverse demands from students and society, the department separated into the

science education department and the mathematics education department in 1998.

Students enrolled in these two departments are still required to have credits in

general sciences and science methods/practicum courses. Since this investigation

aimed to describe the socio-cultural beliefs of a group of people who have been

involved in the culture of science for years and might impose their conceptions and

cultural values on the ideas of their students in the future, preservice teachers in

these two departments were chosen as the target subjects for the purpose of the

present study.
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A biographical questionnaire (Appendix A) was used to gather background

data about the participants. These data included gender, age, type of college

entrance examination attended, and academic tracks in high school. Data about

home location and religious background of each participant was also gathered as a

reference for his/her cultural characteristics. Information regarding the general

requirements and course credits for each program and the content of the science

method courses was additionally obtained.

Instruments

Two open-ended questionnaires and two corresponding interviews were

designed to collect data on participants' woridviews and conceptions of the NOS.

This section describes the development of each questionnaire. The protocol of

follow-up interviews for each questionnaire is also discussed.

Woridview Questionnaire and Follow-Up Interviews

Open-ended Questionnaire. The design of the woridview questionnaire was

based on Kearney's worldview model (referred to Figure 1). Cobern (1999, 2000)

conducted several investigations to examine students' and science teachers' ideas

concerning Nature. Lawrenz and Gray (1995) developed a questionnaire to assess

preservice science teachers' woridviews including all domains in Kearney's model.

The question items used in the present investigation were mainly adapted from

Cobern's (1999) and Lawrenz and Gray's (1995) studies. The final version

consists of five open-ended questions (Appendix B).

The first question, assessing responses regarding the Self, Other, and

Relationship domains in the woridview model, contained four sub-questions, two

of which were initially from Cobern's interview questions (1999). Cobern's study

was intended to address where science fits into students' thoughts about Nature.

The findings indicated that students discussed the natural world using concepts
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from religion, aesthetics, and science, while their science teachers spoke only about

science, with more mechanistic views of Nature. The questions aimed to elicit

respondents' impressions about Nature and views of how and why humans acquire

knowledge about Nature. Two additional sub-questions were used in combination

with the first two to gather responses regarding the interactions between human

beings and the natural world.

The items used to assess perceptions of Time and Space was initially selected

from Lawrenz and Gray's questionnaire. In their study, examples given by the

respondents for "a long distance" and "a long time" were categorized into a

"personal" and "impersonal" continuum. However, in the pilot test of the present

study, this question did not elicit meaningful responses. All respondents simply

provided a term "infinity" as an answer. As such, not even face validity could be

established. Since no alternative questions were available to assess respondents'

perception of space with respect to traditional beliefs of measuring and directing,

this domain is excluded in the present study.

According to the studies conducted by some anthropologists such as Kearney

(1984) and Klucichohri and Strodtbeck (1961), time orientation is one of the topics

that might generate a range of beliefs that reflect one's cultural values. That is,

people with different cultures might have different temporal focuses. The item

assessing respondents' time orientation was also designed by Lawrenz and Gray

(1995). Their study revealed that the majority of respondents in the South African

context chose the present and future as more important than the past, and used

"ability to control it" to justify their choice. They also found that the notion of

control was related to believing in controlled experiments as evidence for making

decisions. An interconnection between time orientation and causality in their

study was established. Therefore, this question was included to examine

culture-specific notions of Time in the Taiwanese context.

Question #3 was used to elicit responses related to the Classification category

by asking respondents to organize the phenomenal world. It was also modified
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from Lawrenz and Gray's study. This item aimed to assess respondents'

categorical thinking about the natural world. Each participant was required to

construct a classification system that could be used to group whatever things they

could think of in the universe. Examination of the classification category could

yield two types of information. One of these is the content of the domains, and

the other is the criteria or attributes by which these contents are grouped together

into common domains.

The fourth and fifth woridview questions were used in combination to assess

respondents' causal thinking. Question #4 was adapted from Lawrenz and Gray's

questionnaire to discern respondents' strategies for explaining the cause of a

phenomenon. One important cultural aspect revealed in Lawrenz and Gray's

study was authoritarianism. In addition to this cultural characteristic, what is of

interest to science educators regarding causal thinking is whether a learner's

woridview is congruent with the scientific woridview in interpreting natural

phenomena (Cobem, 1995, 1997, Lee, 1999). With this in mind, the fifth item on

the woridview questionnaire, borrowed from Cobern's TOPE (Test of Preferred

Explanation) items (1995), was used to assess participants' preferences on the

explanation styles, i.e. scientifically compatible or incompatible. The item was

selected from among 30 items in Cobern's original design because the participants

in the present study had recently experienced a natural disaster (earthquakes), and,

more importantly, the item implies human interaction with the environment.

Respondents were asked not only to select one of the explanations, but also to

justify their choice and evaluate the option they did not select.

Five science education experts, who had conducted woridview research in the

field, critically reviewed each question item regarding the appropriateness and

relevancy to the research questions. Each item was revised according to the

panel's suggestions for modification until at least 80% agreement was attained. It

is worth mentioning that one reviewer particularly commented that the perceptions

of time and space are too abstract to be assessed, and may not relate to students'
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science learning or understanding about science. According to the reviewer's

suggestions and pilot-test results, the item, as noted earlier, regarding the concept

of time and space was omitted, but the one assessing time orientation was still

retained. The other reviewer suggested the need to conduct pilot tests in order to

ensure the richness of data elicited by the questions.

The final version of the questionnaire was translated to Chinese. The

Chinese version of the questionnaire was then translated back to English and

reviewed in order to ensure the accuracy of translation. A pilot test was

conducted with 10 elementary schoolteachers between 25 and 40 years of age and

included science and non-science majors. Results of the pilot study indicated that

the items were understandable and capable of eliciting a range of views.

Agreement by the review panel and results of the pilot test provided evidence for

the face and content validity of the worldview questionnaire.

Interview Questions. Following the initial analysis of the worldview and

biographical questionnaire responses, the semi-structured interviews were

conducted with the selected participants. During the interviews, participants were

provided their questionnaires and given enough time to read through their written

responses. They were then asked to elaborate on certain responses. Due to the

open-ended nature of the questions, participants were encouraged to speak freely

and at length, and to reflect on their experiences and beliefs that they thought were

relevant to their responses. The following questions were used to guide the

interview:

- Please describe your thinking about question #1(2-5). What is your first

thought (impression) when you read this question?

- Does any of your background or do any of your experiences influence your

views on question #X? Please describe this background or experience and

how it influences your answer.

Do you think your religion has any influence on your response to the

question #X? What are your religious beliefs about the issue in question #X?
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(This question is asked only if a religious component was revealed in the

participant's response to question #X.)

The purpose of the follow-up interviews was not only to provide opportunities

for respondents to clarifr and elaborate on their written responses, but also to

explore how the life experiences and social and religious backgrounds the

participants possessed may have influenced their woridviews. The information

derived from the biographical questionnaires served to initiate the conversations for

the second and third interview questions. The interviews lasted approximately 45

minutes.

Nature of Science Questionnaire and Follow-Up Interviews

NOS Questionnaire. An open-ended questionnaire was used to assess

participants' conceptions of the aspects of NOS, including the tentative, empirical,

creative, subjective, and socially and culturally embedded nature of science,

observation versus inference, and the functions and relationships of scientific

theories and laws (see Appendix C). As was discussed in Chapter II, standardized

NOS assessments have been criticized due to the likelihood that respondents

interpret questions in ways different from what was intended by the researcher

(Lederman, 1986; Lederman, Wade, & Bell, 1998). The use of open-ended

questions allowed respondents to express their own views on issues relative to the

NOS, instead of imposing some particular views about the scientific knowledge

and enterprise on the respondents. The approach used in the present study, it is

believed, could avoid some of the difficulties the standardized instruments

encountered.

The NOS questionnaire consisted of nine open-ended items. Seven of the

nine items were adapted from Lederman & O'Malley (1990) and Abd-El-Khalick

and others (1998). Two additional questions (see Appendix C, item #8 and #9)

were designed to specify the characteristics of Chinese culture and aimed to explore

respondents' views on the development of scientific knowledge in relation to
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cultural embeddedness. The development of question #8 was inspired by the

history of medicine (Porter, 1997) and current debates in Chinese and Taiwanese

society regarding the scientific legitimation of Chinese medicine (Chi, 1994). It

was assumed that, when comparing the differences between two types of medicine

that developed under different cultural practices, respondents would most likely

attribute Chinese medicine to knowledge that lacks scientific evidence. This item

had been pre-tested with a group of Taiwanese gifted students (Liu & Lederman,

2002). The results showed that respondents tended to focus on the healing

effectiveness of the medicines instead of discussing the differences on the

development of medical knowledge in the two cultures. In the follow-up

interviews, the researcher obtained more information by directly asking students

whether they thought the knowledge of Chinese medicine is non-scientific.

Therefore, the item in the present study included a statement "Chinese medicine

is not scientific," asking for participants' agreement or disagreement, and

comments on that statement. The item could elicit respondents' cultural beliefs

about science.

An important sociocultural factor involved in the development of knowledge

in Chinese history is known as authoritarianism. The belief is strongly held that

elders, having been exposed to more life experiences, possess more wisdom and

make better judgments. Hence, question #9 was meant to assess respondents'

beliefs about the validity of scientific claims made by scientists of different ages, in

attempts to study whether they realize that empirical evidence is essential to

making scientific arguments. In Liu and Lederman's (2001) study, responses to

this question implied that Taiwanese students tended to think that creativity and

imagination should not be used by contemporary scientists who work on the issues

directly related to their life. Thus, responses to this item could be used to verify

consistency with question #5 in regard to human imagination and creativity and

serve as an intermediate for analyzing the relationship between NOS conceptions

and woridviews, as described earlier in the last section.
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The content and face validity of the question items had been established in

previous studies (e.g. Abd-El-Khalick, Bell, & Lederman, 1998; Abd-E1-Khalick, et

al., 2001; Lederman & O'Malley, 1990; Liu & Lederman, 2001). In order to

ascertain that the question phrases were accurate and appropriate for the

participants in this study, the method of back-translation was applied using the

same process as that for the woridview questionnaire. The items, original and

back-translated ones, were examined by a panel, including three American science

educators and two Taiwanese science educators, and modified to gain at least 80%

agreement on each item.

Follow-up Interviews. The main purpose of the follow-up interview was to

validate participants' responses to the open-ended questionnaire and to probe their

answers in depth. During the interviews, participants were provided their written

responses to the questionnaire, according to a procedure similar to that used during

the woridview interviews. They were asked to explain their responses to each

item and to respond to requests for clarification or elaboration. The researcher

asked interviewees to give relevant examples to support their answers to some

items when they lacked such details in the written questionnaire. In some cases,

the researcher reminded an interviewee of the comments he/she provided to the

worldview questions in attempts to seek any connections between his/her

woridview and NOS conceptions. The interviews lasted approximately 45

minutes. The interview protocol was as follows:

Please read your response to question #1(2-9) and elaborate on your response.

Could you give an example of what you meant by [responses, written or

verbal]?

- How does your response on #X relate to what you said on #Y?

Data Collection

An invitation (see Appendix D) describing the general intent of the study was

distributed to the target students in the two departments at the Teachers College.
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They were informed of the time commitment, types of questionnaires, and

possibility to be chosen for follow-up interviews. Informed consents were

obtained before the questionnaires were administered (Appendix E). Five

students who volunteered chose to participate only in writing questionnaires, but

not in interviews.

PHASE I. WORLDVIEW DATA COLLECTION

Administration of Worldview Questionnaire

& Biographical Questionnaire

1

Purposeful Selection of Interviewees

\I/

Woridview Follow-up Interviews

1.

PHASE II. NOS DATA COLLECTION

Administration of NOS Questionnaire

\j/

NOS Follow-up Interviews with the same Interviewees

1

Reviews of Documents & Informal Interviews

Figure 2. Schematic of Data Collection Procedures
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Data collection was conducted in two phases (Figure 2). In the first phase,

participants' woridviews were explored by using an open-ended questionnaire in

conjunction with follow-up interviews. The purpose of this part of the

investigation was to understand participants' views of the human-nature

relationship, time orientation, and categorical and causal thinking. Since it was

participants' cultural beliefs that were important to this investigation, in order to

reduce the possibility of leading responses toward scientific concepts, the

assessment of the participants' conceptions of the NOS was postponed until the

woridview interviews were complete.

Semi-structured interviews proceeded after the analysis of the woridview

questionnaire and biographical information was complete. The main purpose of

the interview was to validate participants' responses to the open-ended

questionnaire. However, it was not feasible to interview all of the participants

because of time constraints. Moreover, it was the in-depth information from the

participants who were considered to be information-rich that was of interest to this

study. As such, a purposeful sampling strategy was employed (Gall, Borg & Gall,

1996) in order to select a sample of interviewees who had different responses to

each woridview category. The initial data analysis of the worldview questionnaire

served the purpose of identifying the distinctions in the participants' views and

provided the primary criterion for the selection process. Other selection criteria

included participants' gender, home location, and religion, as well as their

willingness to participate in the interviews. Finally, 14 participants (accounting

for approximate 25% of subjects who completed the woridview questionnaire)

were selected for the follow-up interviews. These interviewees' demographic

information and woridview responses are presented in Appendix I and J. As a

result of selection, interviewees' responses to woridview questions are varied and

their background variables, including gender, major, type of examination taken,

home location, and religious belief, show a level of disparity
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When the woridview interviews were complete, about two months after the

woridview questionnaire was first administered, all of the participants were asked

to respond to the NOS questionnaire. A one-page introduction describing the

intent of the NOS questionnaire and the purpose of this part of investigation was

distributed to participants (see Appendix C). The researcher emphasized that there

are no "right" or "wrong" answers to the items. Again, participants were assured

that it is their viewpoints that were important to the researcher, not their ability to

answer the items "correctly."

The same group of interviewees as in the woridview interview participated in

the NOS interview for the purpose of validating the written responses to the

questionnaire. During the interviews, interviewees were provided with a copy of

their NOS questionnaires and written responses. The interviews followed the

protocol described in the last section. However, digressions often took place, as

the participants' lines of thought were probed in depth. All interviews were

audiotaped and transcribed for further analysis. Other data sources, including

program catalogs, course syllabi, textbooks, and informal interviews with faculty

members in the two departments and with participants, were collected in order to

enrich the researcher's interpretation of participants' responses.

Data Analysis

Both woridview and NOS data were inductively analyzed to look for emergent

patterns. Analytic induction was the approach employed in the present study to

"develop a descriptive model that encompasses the cases of the phenomena" (p.70,

Bogdan & Biklen, 1992). By using the procedure of analytic induction,

commonalties in the data were sought to develop categories for each woridview

domain and NOS aspect. A list of categories and subcategories was modified and

redefined until it accounted for all of the phenomena.
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Data analysis proceeded during data collection and after the conclusion of the

investigation. After participants completed the worldview questionnaire, data

analysis began in order to generate the first profile of participant worldviews.

This analysis led the researcher to think about the data and set up an agenda for the

follow-up interviews to clarify some unclear or interesting responses with the

participants (as in Miles & Huberman, 1984), as well as to identify the interviewees

who had different traits. The second worldview profile was generated from the

follow-up interview and compared with the first set in order to establish the validity.

The analysis of NOS data proceeded in a fashion similar to that of the woridview

data. A comprehensive analysis of woridview and NOS data was conducted at the

conclusion of the investigation in order to answer the third research question.

Analysis of Woridview Data

The analysis of participants' woridviews focused on four domains, including

views of the human-nature relationship, concept of time, classification approaches,

and causal thinking. The written responses to the questionnaire were summarized

and coded. A set of emergent categories corresponding to each worldview domain

was generated from participants' responses. Several rounds of category

generation, confirmation, and modification were pursued to satisfactorily organize

the data into a representative categorization. Each category was defined and

substantiated with written quotes or interview excerpts.

It needs to be mentioned that, although items were adapted from previous

studies (i.e. Cobern, 1995, 1999; Lawrenz & Gray, 1995), the analytic approach in

the present study did not necessarily follow the frameworks in those studies. The

present study was conducted in a different cultural context from those previously

studied. Given this difference, the descriptors and interpretive strategies used in

other investigations may not adequately fit with the data generated from the

participants' responses in the present study.



73

In the analysis, each completed questionnaire was reviewed to generate a

summary of each participant's views. That is, each participant was treated as a

separate case. The same analysis process was repeated for the transcripts of the

semi-structured interviews. A separate profile of the woridviews for the selected

interviewees was used to compare and contrast with the questionnaire results in

order to verify the validity of the participants' woridviews derived from the analysis

of the questionnaires.

Analysis of NOS Data

Responses to the NOS questionnaire and corresponding semi-structured

interviews were analyzed to construct profiles of the participants' conceptions of

the NOS. Validity of participants' views derived from the questionnaire was

established by comparing the two separate profiles generated from the analyses of

the questionnaires and follow-up interviews. The category generation proceeded

in a similar manner to that of the woridview data analysis.

However, it is inevitable that the analysis of NOS data was guided by the

researcher's understanding of the NOS. As described in Chapter I, at a level of

generality, seven aspects of the NOS are believed to represent the current

conceptions of the NOS, and to be important and accessible to K-12 students.

These characteristics of the NOS are that:

1. Scientific knowledge is subject to change with the finding of new evidence

and with the reinterpretation of existing data.

2. Scientific knowledge is ultimately based on empirical evidence, i.e.

observations of the natural world.

3. Human imagination and creativity are involved in all stages of the

development of scientific knowledge, including hypothesis generation,

experimental design, and data interpretation.
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4. Scientific observations are influenced by the personal subjectivity resulting

from individual scientists' values, agendas, and prior knowledge.

5. Science affects and is affected by the values and expectations of the culture

and society.

6. Scientific knowledge is based on observation and inference. Observations

are gathered through human senses or extensions of those senses.

Inferences are interpretations of those observations.

7. Scientific laws and theories are different kinds of scientific knowledge.

Scientific laws describe relationships among observable phenomena, while

scientific theories are inferred explanations for natural phenomena.

Participants' responses were compared with the defined views of the NOS.

Having a view compatible with cm-rent NOS conceptions was determined on an

aspect-by-aspect basis. That is, participants need not have comprehensively

adequate views across all aspects of the NOS (Abd-El-Khalick, 1998).

Participants' responses for each aspect of NOS were generally classified into two

categories informed and naïve, based on whether they match current conceptions

or not. Most importantly, the subcategories that reflect their informed or naïve

conception were identified along with the excerpts from questionnaires and

interviews.

Analysis of Relationships with Participants' Characteristics

Systematic analyses were conducted to explore the relationships of worldview

categories and NOS understandings to student characteristics. The data regarding

participants' background information was gathered through the biographical

questionnaire. The participant characteristic variables examined were: major,

gender, home location, type of entrance examination attended, and religion.

Emergent woridview categories derived from the responses to the woridview and

NOS questionnaires, respectively, were sorted by each characteristic variable.
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Since there were frequency data, the Chi-square test was used to examine the

relationships.

Searching for Patterns Between Worldviews and NOS Conceptions

The third research question of this investigation focused on whether there is a

relationship between participants' woridviews and their conceptions of the NOS.

In order to answer "yes" or "no" to this question, the analysis focused on

discovering and describing any relationships that could possibly exist between or

among worldview categories and NOS aspects.

In the analyses of woridview and NOS data, several categories emerged from

the responses to the questionnaires. These categories were treated as variables.

The possible relations detected between two variables (A and B), for example,

could result in two outcomes: both A and B are present in one person's views (A+,

B+); A is present while B is absent (A+, B-), or vice versa. It should be noted that

finding relationships between two variables might not immediately lead one to

make cause-effect statements about certain phenomena (Miles & Huberman, 1984).

As an exploratory, descriptive study, the statements of the results in this

investigation were framed in this manner: "A person who has A concept is more

likely to hold B concept." Chi-square tests were used to determine the statistical

significance of a relationship. In addition to the quantitative and statistical

examination of the data for an entire sample, comparisons of two follow-up

interview narratives for each individual were made to seek any patterns that may

have been revealed in the responses to both questionnaires.

About the Researcher

This investigation was conducted in an institution from which the researcher

received her elementary teacher training. The researcher's familiarity with the

institution, although this allows a certain level of understanding, may bias her
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interpretation of the cultural characteristics of the setting. Therefore, a survey

research design, using the open-ended questionnaires and interviews, rather than

ethnographical methodology, was chosen in order to gather more objective

information. The researcher analyzed and evaluated the participants' views about

the natural world and conceptions of the NOS from their written and verbal

responses to the questionnaire. Obviously, the researcher's personal perceptions

and understandings of the issues covered in the questionnaires may influence the

data interpretations. Thus, there is a need to introduce the researcher's

background and her beliefs about the world and the nature of science.

The researcher received elementary teacher training at the studied teachers

college. She had taught science in elementary schools for five years. After a

few years of teaching experiences, the researcher was enrolled in a university in

Taiwan to earn a Master of Science degree in Botany. Her graduate research

topics included plant ecology and systematics. According to her reflections,

science was portrayed with a firmly positivist view in Taiwanese schools at that

time. With all the schooling she received in Taiwan, she tended to believe that

scientific methodology should be seen as a way to pursue the truth. It was after

becoming a doctoral student that the researcher began to study the history and

philosophy of science and developed an understanding of currently accepted views

about the NOS.

As described in the previous chapters, some aspects of the NOS have been

characterized as important topics that should be introduced to K- 12 students. The

researcher believes that it is crucial to introduce the following aspects of the NOS:

Scientific knowledge is tentative (subject to change), empirically-based (based on

and/or derived from observations of the natural phenomena), subjective

(theory-laden), partially the product of human imagination and creativity (the

invention of explanation), and socially and culturally embedded. In addition, an

understanding of the function of, and relationships between scientific theories and

laws is emphasized. Scientific laws are not proven theories or the final product of
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scientific research. The distinction between observation and inference in science

is also an important aspect to be included in the K- 12 science curriculum.

As to the woridview, the researcher grew up in a traditional Chinese family

and was subtly influenced by traditional Chinese philosophies through school

learning and family education. The practices of ancestor worship, filial piety, and

a strong sense of family and cultural traditions are manifest in the researcher's life.

The researcher holds conservationist views about the status of the natural world and

believes that the natural world is understandable. She partly adopts scientific

ways of viewing the natural world, but not any utilitarian perspectives.

While teaching elementary science, the researcher had raised a concern about

the implementation of science curriculum imported from western countries. The

scientific concepts students learned in the classroom were not authentic to their

daily lives. In addition, none of the scientific achievements in Chinese history had

been formally introduced and discussed by science instructors. From personal

contact with some scientists and science educators in Taiwan, the researcher

learned that many Chinese people believe that "there is no science in Chinese

history." Thus, a special interest in the socio-cultural differences and NOS

teaching was generated from her personal reflections, reviews of the literature, and

conversations with her professors in the graduate program. In general, the

researcher agrees that a cultural perspective on school science should be

emphasized in the nonwestem countries. Teachers should be prepared to

recognize that students with different social and cultural characteristics have

different approaches to science learning. She also believes that teaching about the

NOS in such nonwestern settings would help students move smoothly into the

culture of science.

This investigation is primarily concerned with the cultural characteristics and

epistemological views of Taiwanese preservice elementary science teachers.

Within this context, the researcher considers herself a participant observer because

she was fostered in that culture and is making observations and evaluations about it.



78

Reflection upon the knowledge acquired during the course of the researcher's

graduate studies leads her to adopt the concept of value-pluralism, or naturalistic

views that all reality is constructed by persons and the researcher is concerned with

interpreting these constructed realities (Guba & Lincoln, 1989). In this study, the

researcher inevitably compares and contrasts the respondents' views with her

conceptions. The assumptions built on the researcher's own perspectives may

also influence the data analysis. However, the researcher's research philosophy

(naturalistic perspective) allows her to be more open-minded in interpreting the

research findings. Readers could make their own judgments while reading the

excerpts generated from the descriptive data, and through scrutinizing the

researcher's knowledge background.
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CHAPTER IV

RESULTS

This study aimed to identify woridviews and NOS conceptions held by

preservice elementary teachers in a Taiwan context. The assessment and analysis of

woridviews, based on Kearney's logico-structural model, included the dimensions

of Relationship (between the Self and the Other), Time, Classification, and

Causality. It was assumed in the literature that conceptions of the NOS might be

related to woridview presuppositions. As such, the additional intent of this study

was to explore whether there is a relationship between participants' woridviews and

understandings of NOS.

The present chapter is organized into four sections. The first section presents

general background information of the participants. The second section analyzes

participants' views about the human relationship with Nature, concepts of time,

classification systems, and causal thinking. Comparisons are made among the

woridview dimensions and between each worldview dimension and participants'

background variables. The third section, following a similar analysis procedure to

that employed in the woridview data, is dedicated to elucidating participants'

conceptions on seven defined characteristics regarding the development of

scientific knowledge. The final section is intended to delineate the

interrelationship, if any, between woridviews and understandings of NOS held by

this group of preservice teachers.

Participants

The target subjects of the present study were selected from the departments of

science education and mathematics education at a teachers college in central

Taiwan. Science content and methods courses are required only for the students

enrolled in these two departments. However, the course requirements for these
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two departments are different (Table 1). At the time of this investigation, the

students had taken 12 to 20 credits of science contents courses andwere taking

science methods/practicum courses.

Table 1: Differences of Course Requirements for Participants in Science Education
and Mathematics Education (Comparison only for science-related courses)

Course Science Education Mathematics
Education

Introduction to Natural Sciences 2 2

Science Content biology, physics,
chemistry, earth science, 18 10
environmental science

Science Instructional Methods 2 2

Introduction to Elementary Science
2 0Education

A total of 54 students, who enrolled in the third year of the teacher education

programs, voluntarily participated in this study and completed the worldview and

biographical questionnaire. At the second stage of data collection, 11 of the

participants withdrew from the study mostly because of their unwillingness to

sacrifice their spare time amidst tight schedules and examinations. Therefore,

only 43 of them returned the NOS questionnaire. The profiles for participants

who participated in the NOS survey will be discussed later in this section.

Fourteen interviewees were purposefully selected according to their varying

responses to the worldview questionnaire. They all remained in the study and

participated in the NOS interviews. The demographic information and worldview

categorization for these interviewees can be found in Appendix I and J, respectively.

In the final section, comparisons of responses collected from worldview

questionnaire and NOS survey were analyzed focusing on those 43 participants.
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The entire sample included 25 students (18 male and 7 female) enrolled in the

science education department and 29 (12 male and 17 female) in mathematics

education. Obviously, there were more male than female students from science

education voluntarily participating in this study, while more female than male from

mathematics education. The participants' ages ranged between 20 and 27, with a

median of 21 years.

The majority of the participants had taken a national Joint College Entrance

Examination (JCEE), while some (13%) were recruited through taking the

recommendation test, an alternative method of admission based on the new testing

regimen. In the recommendation test, all science subjects, including physics,

chemistry, and biology are integrated as one test subject. Students could take the

recommendation test and apply for university admission in the fall term of the

1 2thgrade year. The Joint College Entrance Examination usually takes place in

July every year. Students could choose to take different science subjects based on

which college they desired to attend. Of the participants who had taken JCEE, 28

had written the test with physics, chemistry, and biology as separate test subjects,

while the rest had written one with the same subjects except biology. Three

students indicated that they had chosen test subjects not only with sciences but also

included literature and social study. However, all the participants selected

mathematics and science as their major while studying in high school. It needs to

be noted that the science curricula and textbooks the participants had in high school

were to some extent uniform. Generally, Taiwanese students majoring in

mathematics and science at the high school level were recommended to take as

many science courses as possible in order to pass the JCEE successfully.

Data on the participants' home locations and religions were also collected.

Twenty-eight students (52%) came from the counties located in central Taiwan,

while 21(39%) originally lived in southern Taiwan, and five (9%) in the northern

area. According to the descriptions of administrative divisions, home locations of

19 participants (3 5%) could be described as urban areas, while 19 other students
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(3 5%) lived in suburban, and 14 (26%) in rural areas. It needs to be mentioned

that this teachers college is located in the biggest city in central Taiwan. Almost

all of the students who came from the areas outside of this city chose to live in the

school dormitories. Many college students might have left their homes since high

school. Therefore, information regarding participant home location could be seen

as only an initial part of their cultural backgrounds.

Twenty-one students (3 9%) professed to have religious beliefs. Of those,

nine students were Taoists, three Christians, two Buddhists, and one Roman

Catholic. Two students reported that they possessed integrated religious beliefs

among Buddhism, Taoism, and Christianity. Two students said that they held

both Buddhist and Taoist beliefs. The other two did not specify their religions.

Those who chose "no religious belief' may not necessarily be seen as atheists,

though some indeed claimed to be so. It is typical in Taiwan that many people do

not want to affiliate themselves with any religion. Similarly, those who claim to

practice multiple religions often do so because of their unwillingness to choose one

religion in particular.

Most of the participants (83%) stated that they possessed some informal

teaching experiences. Thirty participants indicated that they had tutored

one-on-one or at learning centers or in cram schools. Ten had worked as assistant

teachers in summer camps. Yet, none of them had formal teaching or internship

experiences at elementary or secondary schools.

As previously mentioned, some participants did not return the NOS

questionnaire at the second stage of this investigation. A comparison of

participants' background variables and the rates of NOS questionnaires returned

showed that the percentage of science education students who completed the NOS

questionnaire was apparently higher than that of their fellow students in

mathematics education (92% vs. 69%). Such a significant difference in the

response rate between science education and mathematics majors led the researcher

to examine the demographic data of the participants from each department. Table
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2 summarizes participants' background information during the first and second

stages of data collection. It is found that there are no significant differences

between the two profiles, and thus indicates that the comparisons of worldview and

NOS responses are not likely to be affected by the loss of NOS data.

Table 2: Summary of Participants' Profiles

Science Ed Math Ed Total

First Stage (Completed WQ) N=25 N=29 54

Gender
Male 18 (72%) 12 (41%) 30 (56%)
Female 7 (28%) 17 (59%) 24 (44%)

Home location
Urban 10 (40%) 9(31%) 19 (35%)
Suburban 10 (40%) 9 (31%) 19 (35%)
Rural 5 (20%) 9 (31%) 14 (26%)
Unknown 0 2 (7%) 2 (4%)

Religion
Yes 12 (44%) 9 (3 1%) 21(39%)

Examination
Recommendation test 4 (16%) 5 (17%) 9 (17%)
JCEE biology included 12 (48%) 16 (55%) 28 (52%)
JCEE biology excluded 9 (36%) 8 (28%) 17 (3 1%)

N=23 N=20 43
JC&flU JtU UI1I1CLCU 1NJL)

Gender
Male 17 (74%) 9 (45%) 26 (60%)
Female 6 (26%) 11(55%) 17 (40%)

Home location
Urban 10 (44%) 6 (30%) 16 (37%)
Suburban 9 (39%) 6 (30%) 15 (35%)
Rural 4 (17%) 6 (30%) 10 (23%)
Unknown 0 2 (10%) 2 (5%)

Religion
Yes 10 (43%) 6 (30%) 16 (37%)

Examination
Recommendation test 4 (17%) 3 (15%) 7 (16%)
JCEE biology included 11(48%) 12 (60%) 23 (53%)
JCEE biology excluded 8(35%) 5 (25%) 13 (3 1%)
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Views on Relationship, Time, Classification, and Causality

Questions used to investigate participants' worldviews were designed and

compiled based on Kearney's logico-structural model. The assessment and

analysis of participants' worldviews in this study mainly focuses on views of the

human-nature relationship (Self, Other, and Relationship), concepts of time (Time),

methods of classifying phenomena in the world (Classification), and causal

thinking (Causality). An attempt is finally made to summarize participants' views

on these four dimensions and to search for interconnections, if any, among the

worldview domains.

Written responses to the questionnaire and corresponding interview transcripts

were independently analyzed to generate separate profiles of participants'

worldviews. The two profiles were then compared to ascertain the validity of the

open-ended questionnaire in assessing respondents' worldviews related to each of

the defined worldview domains. This comparison indicated that participants'

views elicited by the questionnaire were generally congruent with those they

expressed in the follow-up interviews. During the interviews, participants were

asked to clarify several key terms that might have interchangeable or metaphoric

meanings, and to elaborate on their ideas about certain issues. The analyses of

interview data, consequently, served an important function in categorizing

participants' responses.

The following are detailed descriptions of participants' views on the four

defined domains. Quotations are presented to support the arguments for the

categorization. After each quotation, a number following an "S" or "M" is used to

identify an individual participant. The letters "S" and "M" refer to science

education and mathematics education students, respectively. The name of the

instrument (WQ-worldview) and interviews in which the statement was made are

also listed.
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Conceptions of the Human-Nature Relationship

Item #1 with four stimulus questions in the questionnaire was designed to

assess participants' conceptions of Nature with specific emphasis on the

human-Nature relationship. Responses to this comprehensive question were

analyzed as a whole. The analysis focused on three dimensions. One was the

awareness of Self as distinct from Nature. In this regard, participants' views about

how and why humans acquire knowledge about Nature were examined. This

study, following Cobem's research methodology (2000), took the word "Nature" to

mean the natural world. The second dimension was participants' descriptions of

Nature. Specific attention was paid to understand the thoughts conveyed by the

terms participants used to describe Nature. These analyses provided an overview

of participants' perceptions of the human role in Nature that led to study the third

dimension regarding the relationship of human beings to Nature.

Prior to the discussion of participants' concepts of Nature, it is important to

verify the usage of the term "Nature" in Chinese. Nature is commonly translated

as Tzujen. In a modern Chinese dictionary, Tzujen refers to the physical

environment and is equivalent to Datzujen (the Great Nature) and Tzujenje (the

natural world). In a pilot study, respondents were asked to define and compare

these three Chinese terms. The results suggested that Datzujen is a better word to

describe what is defined as Nature, because Tzujen is often used as an adjective

(natural) and Tzujenje seems to be excessively associated with scientific concepts

that appear in textbooks. Essentially all of the participants in the present study

referred Datzujen with a meaning closely related to the natural world. In the

woridview follow-up interviews, one of the participants, who claimed to be a

devout Taoist currently studing some classical literatures of Taoism, specifically

defined Tzujen according to the Taoist notions:

As in Lao Tzu's [a founder of Taoism] "Haven, Tao, and Tzujen," Tzujen
means to follow the natural order. For example, it is morning now, but in
several hours night will come. Why does heaven move in this way? It's
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the natural order. No reason, no why. That is Tzujen. (S 13,

WQ-interview)

Perceptions of Human Self. Seven categories emerged from the responses

regarding how and why people study Nature: Humans are able to "accumulate

experiences" and "develop science (technology);" humans "need natural resources

for survival" and are "practical," "dominant," "with limited ability," and "uncertain

about reality." Responses from one participant could be placed in one or more

categories. In the remainder of this section and the next section, the numbers of

responses are reported.

Twenty-one responses fell into the category of "accumulate experiences."

Those participants stated that people learn about things in Nature through personal

experiences and education. They tended to limit human knowledge to sense

experiences and asserted that "we can learn about only the things that are closely

linked with our life" (S 14, WQ). Eleven responses were grouped in a relevant but

distinct category identified by the phrase "developing science or technology to

study." In response to item #1-2, students voluntarily mentioned that the scientific

method(s) and instruments are to be used to study Nature:

We can study about the objects and phenomena in the natural world
through the scientific method observing, proposing questions,
hypothesizing, experimenting, and making conclusions. (S25, WQ)

Humans are able to understand many things in Nature because they are so
smart. As to how to understand, my first thought is to use scientific
instruments, such as the telescope, microscope, etc. (S9, WQ-interview)

Although the above quotations were all from science education students, as many

mathematics education students' responses could be classified under this category

as those made by their science education counterparts. A variety of examples

were given regarding what can be known about Nature, which included biological,

meteorological, geological, and astronomical phenomena.
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The third and fourth categories both were derived from the comments

concerning human needs. Eight students indicated that human beings have a need

to use natural resources for life. Two of them provided examples of how ancient

people studied nature for food and medical cures:

Human beings want to study Nature because they have the "need." In
ancient times, people studied Nature probably for food. They grew fruits
or bred pigs in order to produce more food. Even now using animals and
plants to do biotech research is also for the need to find medical cures
and to help people. (S 12, WQ)

Ancient people lumbered trees for building houses. In order to build a
nice house, they would study to find out which kinds of trees were good
ones to use. If they needed medicines, they would go find herbs. (M22,
WQ-interview)

Eight participants gave responses unlike those in the "need for survival"

category, considering human beings to be practical or utilitarian. They seemed to

imagine that there are two worlds, one natural world and the other human, and

recognized that humans tend to expand the human world. Many of them applied

the phrase "gain profits from Nature" in their responses, implying that they believe

human beings utilize Nature to gain material benefits. Two stated that people are

able to find all of the answers regarding Nature if they have enough time, funding,

and labor, and also believed in the power of technology.

People are making efforts to have their dreams come true. Some
scientists invented airplanes so that people can fly. Cloning techniques
nowadays give us a hope that human beings will be able to live forever. It
is just a matter of time. (S 19, WQ)

The other two held uninterested attitudes toward understanding things in

Nature. The following interview excerpt is typical:

I am not very interested in knowing things in Nature. I don't know why
some people are so attracted by the names of plants. I think knowing the
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names is not a practical thing to do. [Researcher: Why do those people
study plants?] They are researchers. I don't know their backgrounds.
Have they been hurt? They study plants because they want to protect
themselves? . . .1 think people should understand how to utilize those
things instead of just to know their names. (Ml 3, WQ-interview)

In the written questionnaire, this female participant tended to discuss the natural

world as an aesthetic concept. Even though she had provided a utilitarian view of

Nature, she appeared to show no interest in scientific interpretations of the natural

world and hold some misunderstandings about the development of scientific

knowledge.

Four of the participants argued that humankind are dominant species and have

unlimited potential and therefore is superior to other organisms. It is interesting to

note that these participants utilized either evolution or creationism to explicate their

views:

Humankind is the most successful species in the evolution process.
Curiosity is the incentive of human progress. The invention of symbols
and languages makes humankind able to observe, record, and explain
everything in Nature. (S 19, WQ)

God created Nature and also created humans. The purpose of making
humans is to have them rule over things in Nature, because only humans
can talk with God. (M6, WQ)

The sixth category included 14 responses that demonstrated the view that

humans have a "limited ability" to uncover Nature. Those participants tended to

consider that even with advanced technology and profound knowledge, humans

will still not be able to know all about Nature. Additionally, 10 respondents

further stressed the uncertain nature of human knowledge, which formed the

seventh category. They commented that things change in time and so does human

knowledge. They also believed that we have no way to confirm that what we

know is true because we are limited in space and time. One particular participant

made the following statement concerning the uncertainty of reality:
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With advanced technology, we become able to see tinier particles. By
the time we are able to break things apart, however, we will find that
what we have known as truth is not true at all. For example, in the past,
people believed the atom to be the smallest unit, but now the finding of
quarks changes this concept. The more complicated the knowledge gets,
the less possible it is for us to see the whole... We try to find the order in
Nature and explain it in an ideal situation. But ideals are not the facts.
What we have found is not the natural order but the human constructed
reality. (S 18, WQ-interview)

It is necessary to clarify that neither the woridview questionnaire nor its follow-up

interview was meant to lead responses toward science. This student voluntarily

discussed the development of scientific knowledge and science's limited ability to

answer the questions in the world. He seemed to adopt Heisenberg's "principle of

uncertainty" to express his view about human knowledge but did not explicitly use

the term until the NOS follow-up interview. Two other participants were skeptical

about the existence of laws or absolute knowledge for interpreting the world.

Seemingly, these seven categories could be put on a continuum. The sixth

and seventh categories would be located at one end of the continuum with the view

of humamty as limited and insignificant. The "dominant" category including the

responses that humans are superior to other life forms could be placed at the other

extreme end. Obviously, participants who possessed the "dominant" view were

not likely to mention uncertain and limited nature of human knowledge, and vice

versa. This continuum will be formulated through the discussions in the next two

sections regarding participants' views about Nature and human interactions with it.

Descriptions about Nature. Participants' descriptions of the natural world fall

under seven categories, including "created by God," "understandable," "full of

resources," "in danger," "changeable," "powerful," and "living." These categories,

except for the first two, emerged from the responses to questions concerning with

what the natural world is like.
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Only one participant regarded Nature in a thoroughly religious view, "created

by God." This participant affiliated herself with Christianity. In the written

responses and interview dialogues she constantly referred her ideas to the Bible and

creationist concepts. Her view (M6) about humanity's role has been quoted in the

previous section. It appears that she did not comment on the mysterious,

changeable, and powerful characteristics of Nature. Instead, she strongly

embraced the views that human beings are the guardians of Nature, and that the

development of science and technology follows God's decree.

Seven responses were coded into the category of "understandable" with the

view that things in the natural world can be mostly known by human beings. This

epistemological description about Nature can be cross-referenced with the

categories stated in the previous section. Four of these participants had mentioned

that humans developed science (technology) to study Nature, while the rest had

emphasized sense experiences in accumulating knowledge about Nature.

Eleven of the participants described economic and aesthetic functions of the

natural resources. Of the participants, eight had also discussed the aspects of the

need for survival or the utilitarian views as illustrated in the previous section. In

addition to the view that Nature provides resources essential for human life,

participants seemed to intensely embrace the ideas of sustainable natural resource

management:

Nature gives us all we need for survival. It is inevitable that we take
resources from Nature. However, we ought to know that Nature needs
protection and our efforts to improve its sustainable development. (Mb,
WQ)

Five participants held to a conservationist perspective that depicted Nature as

endangered entity. They especially expressed concerns on several environmental

issues, such as pollution, landscape destruction, decrease of forests, and the

endangerment of species:



91

I feel that the quality of our environment is getting worse. Air, weather,
many things have been influenced by human activities. I personally enjoy
being out in Nature. I don't understand why some people dump garbage
at those natural and beautiful areas. (Ml 4, WQ-interview)

During the interview, the above participant (Ml 4) attributed scientists with the

ability to provide information for solving environment problems. However, one

other participant cited different research paradigms for conservationists and

scientists. In answering item #1-2 "how the things in Nature become known," he

stated that scientists understand Nature in an objective way, especially believing in

evidence, while conservationists look at Nature more emotionally wishing to

protect and help Nature. An examination of the responses under this category

indicated that participants had either positive or negative views about the

relationship between science and conservation. This result is similar to Cobern's

findings (2000).

The next category is "changeable." This term represents the idea that things in

Nature are changing all the time. There could be many meanings for this term in

Chinese, including diverse, complex, tricky, and unpredictable. Sixteen responses

were grouped into this category. Of these, eight discussed the limitation and

uncertainty of human knowledge to study things in the natural world.

The "powerful" category included 15 responses expressing the effects of

natural disasters on humans and the power of Nature that humans cannot resist.

Many of these participants used an expression that could be literally translated to

the sentence "Nature will fight back after being beaten off." The expression

indicated a view of Nature as a person who has a temper and the power to react to

the destruction caused by humans:

Nature has its own order. Humans may be able to change Nature, but
Nature will change to a different status to keep its order [Italic added].
For example, a few years ago, CFCs have been used as perfect solvents
but turned out to be killers of our environment. We are now eating our
own bitter fruit. (S 15, WQ)
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It is noted that the term "order" referring to the laws of nature often occurred in the

participants' descriptions. However, the Chinese notion of order is somewhat

different from the use of order or orderly in English. It does not necessarily refer

to what is discoverable by human beings. Rather, it is more close to the meaning

of dynamic balance that exists in Nature and between humans and Nature.

Combined with other categories, five of these participants' responses were also

categorized as "changeable." Additionally, seven of these participants had

commented on the limited human ability, while two others had mentioned the

uncertainty of reality.

Many participants cited natural disasters as examples to express their views.

Owing to its geographical location, Taiwan is regularly threatened by earthquakes

and typhoons. In the recent past, the 9-21 earthquake (7.3 on Richter scale) in

1999 and typhoons Toraji and Nan in 2001, and their follow-up impacts such as

flooding and landslides had caused a great loss of human life and property in

Taiwan. Some participants not only believed in the power of Nature but also

recognized human responsibility in preventing serious disasters resulting from the

natural events:

After the 921 earthquake, I believe that Nature's power is far beyond
what we can imagine. Humans might be able to build durable
architectures, shovel off mountains, or level up seashore, but so what. An
earthquake changed all the landscapes constructed by humans, which in
turn resulted in serious disasters. (M29, WQ)

Through such discussions about the order in Nature, the category of "living"

consequently emerged from the responses viewing Nature as a living entity.

According to the five participants' responses, Nature was described as if it has a

consciousness and is subject to the cycle of life. To these individuals, Nature is

not something that can be controlled; it controls itself:
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Nature is subject to cycles of creation, growth, and destruction. Humans
are not able to know all the things in Nature because humans are a part of
Nature, a part that will initiate the death of Nature and also involve
themselves in the process. If humans intend to violate the order of Nature,
they and Nature will be doomed. (S 18, WQ)

I personally believe that we need to learn the Taoist ethic: non-
contrivance. Nature has its own way of living. Everything in the world
has its value of existence. We need to understand Nature but not to
intervene in it. We should know to adapt ourselves to Nature rather than
to conquer it. (S 13, WQ)

The above analyses of participants' perceptions of Self and Nature have

formed a picture of how they view the relationship between humans and Nature.

It is evident from the above discussions that the categories of "powerful,"

"changeable," and "living" are related to the "limited" and "uncertain" end of the

continuum as was proposed in the previous section. In the next section, these

categories will be put together in order to identify possible trends demonstrated by

the participants' thoughts.

Views of the Human Relationship with Nature. The item #1-3, "what kind of

relationship, in your opinion, should humans establish with Nature?" and item #1-4,

"Do you agree or disagree with the statement 'Man can conquer Nature'?" were

used in combination to discover participants' opinions about the interactions

between humans and the natural world (Appendix B). In response to item #1-4,

11 participants agreed with the statement and all commented on the human ability

to conquer the difficulties brought by the environment. From their written

responses, these participants seemed to view the term "Nature," which translated in

the Chinese idiom as tien, with a meaning close to "fate." Of the participants who

agreed with the statement, four were interviewed to verify their interpretation of

this idiom and further to validate this item in assessing people's comments on

human relationship with Nature.
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Interview results indicated that those participants indeed referred tien to

Nature and endorsed the ability of human to conquer Nature:

I interpret this idiom to meaning that humans have the power to conquer
Nature. Well, basically, I agree with what this idiom says. We humans
have the abilities to invent many useful instruments that help us to do
many things, such as to cave a mountain. To conquer Nature is to
improve our lives. (S9, WQ-interview)

I initially interpret tien as "fate" or something. If you say it as Nature I
would also agree. They [Nature and fate] both have a similar meaning. I
believe that we will be able to uncover Nature if we want to, no matter
how immense or mysterious the natural world is. It is a matter of time
and the matter of our intention. (Ml 5, WQ-interview)

According to participants' views, Nature and fate were considered to be equivalent

because in the idiom they were both taken to mean the natural obstacles that exist

in surroundings and also in human society. Item #1-4 is the last question of the

comprehensive item (Appendix B). After being led through the series of

questions, respondents' lines of thought were presumably focused on the issues

concerning interactions between human and the natural world. It is thus indicative

that the participants who continued to discuss human abilities tended to view

human relationship vis-à-vis Nature as one of dominance. As such, item #1-4 is

considered to be a valid question eliciting participants' responses related to the

Relationship domain. More evidence indicated that five of the participants who

agreed with the statement held a resource view of the natural world; three had

considered human existence in terms of dominance; and the remainders commented

on the functions of science and technology in exploring Nature.

When asked to write about human relationships with Nature, many other

participants adopted different terms to express their views. These terms could be

translated into several English words, such as "coexistence," "harmony," "balance,"

"equal," "friendship," "cooperation," and "interdependence." Of these terms,

"coexistence" showed the highest degree of occurrence with a frequency of 23. It
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is interesting to note that these terms are often seen elsewhere in the newspapers to

express the mutuality with people and other nations, sentences such as "peaceful

coexistence," "cooperation and mutual benefit," and "maintenance of a friendly,

equal and mutually beneficial relationship of coexistence between X and Y." such

terms apparently reflect a commonly held concept of humans' relationship with

Nature. Since people might simply quote these terms to respond to the question

without deeply considering what they mean, one might remain skeptical of these

individuals' lines of thought on this relationship and triangulate their intact

responses to the set of questions in order to determine the categorizations.

The data mainly from item #1-3 and item #1-4 were analyzed to generate the

categorization for the Relationship domain. Four categories were formed

accordingly. The categories are presented as verbs because the researcher has

analyzed the data in a way of finding words to fill in the sentence "Humans

should (with) Nature." Only four participants did not elaborate on their

responses to this set of questions in addition to filling in the blank with a verb.

For this reason, their views in this respect were not placed in any category.

The first category consisted of eight participants' responses with a view that

human beings should "protect" Nature. Six out of eight students had mentioned

the resource aspect of Nature and/or the human necessity to exploit it (refer to

Appendix F for raw data). They suggested that people could exploit the natural

resources to improve life, but must also use the resources wisely and take the

responsibility to protect Nature from being destroyed and polluted. One student, for

example, stated that "Humans live on the earth and enjoy the resources and

beautiful things in the natural world. We should appreciate Nature and protect it

from being destroyed. It is also to improve the quality ofour lives" (M14, WQ).

Another insisted that "We exploit a lot of resources and gain profits from Nature, so

we should also protect and not destroy it" (S7, WQ). To these participants, Nature

seems to be an object that humans must utilize, study, and protect; their views of

the human's relationship with Nature is anthropocentric. The following narrative
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is from one female participant who was interviewed for elaborations on the views

regarding the human-Nature relationship:

When thinking of Nature, I think about natural sceneries, geographical
views, and also animals and people. I would also think of natural
phenomena, such as weather, wind, and cloud. Nature contains many
things; some are mysterious, not yet understood by us with current
technology, such as some kind of energy hiding somewhere on earth.
We have not uncovered it, but someday we will be able to because we are
so smart. We can use scientific instruments to observe and record natural
phenomena, such as revolutions of celestial spheres, animal behaviors,
growth mechanisms, weather, topography, and so on. Nature provides
many things for the necessity of our survival, but Nature also needs our
protection. I draw the relationship between humans and Nature like this:
Man-Nature. They both have interactions. When our earth encounters
crises, like the event that happened in the movie Armageddon, I think we
need to take the responsibility or at least have the obligation to protect it.
Nature is there for us. I agree that humans have the power to conquer
Nature. We can invent some useful instruments to do many things, such
as to cave a mountain. To conquer Nature is to improve our lives.
Artificial rain is a good example. The process of using some chemical
stuff to induce rain, which could alleviate the drought, is so amazing. (S9,
WQ-interview)

Responses in the second category showed a view distinct from those in the

"protect" category. Five participants advocated that humans should obey Nature

and follow the order (laws) of the natural world. They emphasized that human

beings are part of Nature and should not overstate their power. To them, Nature

may be explored and studied but human knowledge can only help us explain what

can be seen in the present time. Without exception, all of them had commented on

the limited and uncertain aspect of human knowledge. Their descriptions about

Nature were more likely to be categorized in the "powerful," "changeable," and

"living" categories. The following narrative from a male student is to represent

the views in this category.

Nature is infinite. Since the development of science, our knowledge has
been increased quantitatively and objectively. However, there are too
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many facets of the natural phenomena. The probabilities of their
occurrence and the odds of being found by humans, adding all kinds of
other factors, thus become infinite. I use the symbol co to express the
degree of indeterminateness within Nature. As to what things in Nature
can be understood, I think it depends on whether we have noticed them or
not. That is, our imaginations could suddenly touch a point that happens
to fit with the reality I'd like to use Newton as an example. When
observing an apple falling from a tree, Newton began to think of the law
of gravitation. Before him, no one had ever analyzed the phenomena and
proposed an explanation. People use a developed schema [he borrowed
the term from psychology], which is like a set of values or concepts to
study Nature. In order to survive, humans need a proper environment.
Nature provides us with a living environment with the aspects of time
and space. We should follow the order of Nature unless we do not need
this environment. I don't agree with the idea that man can conquer or
control Nature. We might be able to control the local environment, such
as the humidity, temperature, or brightness in this room, but we cannot
control earthquakes and typhoons. (S 10, WQ-interview)

The rest of 37 participants had used the terms similar to "coexistence" to

address the mutuality between humans and Nature. They seemed to emphasize

harmony with Nature. However, a closer examination of the data revealed that

some participants addressed the harmony relationship with a moderate attitude,

while some discussed their point of views through a pragmatist perspective.

Twelve students with a moderate attitude said that humans cannot be independent

from the natural world and are not the possessors of Nature. They believed that

humans can survive only if Nature is in a good condition. Almost none of them

mentioned human dominance or the resource views of the natural world. Most

had submitted comments about the limited ability and uncertainty of human

knowledge. These responses were thus assigned the "Coexist Moderate"

category. The following narrative is an example.

Nature, before the emergence of humans, had kept the way it was. But
ever since humans' appearance on the earth, Nature's order has been
destroyed due to human exploration. We thought we could restore the
balance or order but we actually push it to the maximum chaos and
accelerate Nature's death. According to the Chaos theory [sic], Nature
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will collapse and reappear. We cannot live outside of earth or create an
artificial environment. We cannot be the so-called Creator. Man to Nature
is like a vacuole to a cell. If the cell dies the vacuole cannot live alone.
Because of our desire to control Nature, we try to find the order and
explain it in an ideal situation. But ideals are not the facts. What we have
found is not the natural order but the human constructed reality. We
should live in harmony with Nature. Studying Nature can help us
understand ourselves. (S 18, WQ-interview)

For the remaining 25 participants who had also noted the coexistence

relationship, the pragmatist views about the natural world and human society were

more likely to occur in their responses. Those participants tended to emphasize

the importance of conservation and argued that Nature and humans should not

defeat each other. In other words, they believed that the relationship between

humans and Nature is like a friendship: giving benefits but not fighting against each

other. These responses were grouped into the "Coexist-Pragmatist" category.

The following excerpts were quoted from two students, one male and one female.

[Researcher: Could you draw a picture to express your view of the human
relationship with Nature?] I would draw the relationship like this: a man
exists inside of Nature, and Nature exists inside of the man, and so on
and so forth. Someone might say that Nature seemed going well without
humans. But I feel that Nature needs humans now because we not only
obtain things from it but also give it feedbacks. For example, we cultivate
better breeds of trees to enhance the evolution of the natural world. This
new Nature will then give us other feedbacks. (M27, WQ-interview)

Nature means environment. When I think of Nature, I often think of sky,
mountain, flowers, and birds. I would use a term mutualism to describe
human relationship with Nature. Both sides benefit from the relationship.
In other words, you could become extinct if you intend to harm the other.
It seems that humans now are controlling the world. But you will never
know whether the world will be controlled by other kinds of animals.
(Ml 3, WQ-interview)

It is noteworthy that the views under this category as elicited by the questionnaire

were diverse to some extent and not as consistent as those in the other categories.
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However, the concepts of relationship of these 25 participants were generally

considered as human-centered as those in the "protect" category.

Table 3 and 4 display the summaries of participants' responses on the views of

human role and the descriptions about Nature under the different Relationship

categories. The data presented in Table 3 demonstrated that participants who

provided views that humans should protect Nature were more likely to discuss

human role in terms of dominance and necessity, but less likely to mention the

uncertainty of reality. Conversely, students with views under the "Obey" category

were more likely to address the limitation and uncertainty of human knowledge, but

rarely had the dominant and practical perspectives. Under the "Coexist-

Moderate" category the trend is similar to that in the "Obey" category.

Participants whose views fall under the "Coexist-Pragmatic" category seemed to

provide many different kinds of descriptions about the human role. They tended

to focus more on discussing the development of knowledge about Nature.

Table 3: Frequency of Responses regarding Views about Self by Different Views on
Relationship with Nature

Different views on Man's relationship with Nature

Views about Self Protect Coexist-Pragmatic Coexist-moderate Obey Total*
(N=8) (N=25) (N=12) (N=5)

Dominant species 2 2 0 0 4

Gain benefits for life 4 3 1 0 8

Need for survival 2 5 1 0 8

Develop science to study 2 8 0 1 11

Accumulate experiences 1 14 4 2 21

With limited abilities 1 3 5 4 13

Uncertain about reality 0 2 6 2 10

*Numbers could be different than what have been reported in the section of
Perceptions of Human Self because they excluded those views of Relationship that
were unidentified in any of the categories.
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A comparison in Table 4 further indicates the divergence in participants'

responses. Students who possessed the views that humans should obey or

moderately coexist with Nature tended to see Nature as changeable, powerful, and

living, but never used the other four descriptions. Conversely, with the "Protect"

view, students tended not to depict Nature as "powerful" and "living." Under the

"Coexist-Pragmatic" category, participants provided the most comments on the

resource views of Nature.

Table 4: Frequency of Responses regarding Descriptions of Nature by Different
Views on Relationship with Nature

Different views of Man's relationship with Nature
Descriptions about
Nature Protect Coexist-Pragmatic Coexist-Moderate Obey Total*

(N=8) (N=25) (N=12) (N=5)
Created by God 1 0 0 0 1

Indanger 2 3 0 0 5

Understandable 2 5 0 0 7

Full of resource 3 8 0 0 11

Changeable 2 7 4 2 15

Powerful 0 7 5 2 14

Living 0 1 2 2 5

*Numbers could be different with what have been reported in the Description about
Nature section because they excluded those views of Relationship that were
unidentified in any of the categories.

Through the above discussions, an anthropocentric-moderate continuum

emerges. Figure 3 was constructed as an attempt to visually summarize the

analyses of the participants' views about humans' relationship with Nature. At the

anthropocentric end appear people who hold that human beings have a dominant

role in Nature and who describe the resource view of the natural world. At the

moderate extreme are people who accept ideas about the limitations and uncertainty
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of human knowledge and who emphasize the power and unpredictability of Nature.

Besides those typical responses located on two ends, most responses essentially

distribute in the middle of the continuum. In general, participants' views

classified into the "Protect" and "Coexist-Pragmatic" categories were considered to

be close to the anthropocentric side, while the "Obey" and "Coexist- Moderate"

categories were on the moderate side.
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Figure 3: A Continuum of Participants' Views about Human Self and Nature

Taking students' characteristics into analyses, it is found that more science

education participants held views close to the moderate side than their mathematics

education counterparts. Mathematics education students were more likely to

discuss their opinions from a human-centered perspective (Table 5). The

Chi-square test was employed to determine whether participants' anthropocentric or
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moderate views were related to their majors, which showed a value of less than .01.

There were no considerable patterns existing between other background variables,

such as gender, home location, and examination types, and their anthropocentric or

moderate views on the human-Nature relationship (Table 5).

Table 5: Comparisons between Participants' Views and Background Variables

Views on Human Relationship with Nature
Protect Coexist-Pragmatic Coexist-Moderate Obey
(N8) (N=25) (N=12) (N=5)

Major
Science Ed 4 6 8 5
Mathematics Ed 4 19 4 0

Gender
Male 3 16 4 5

Female 5 9 8 0
JCEE Exarninationa

Biology included 5 13 9 0
Biology excluded 2 8 1 4

Home location
Urban 4 8 5 2
Suburban 2 8 4 2
Rural 2 7 3 1

a only include those who had taken JECC examination.

Concepts of Time

Item #2 in the worldview questionnaire was designed to assess participants'

concepts of time (Appendix B). In this study, 41 participants (76%) selected the

present, while seven (13%) chose the future and three (6%) the past. Three

students stated that all time areas are equally important and hard to be taken apart.

They justified choosing the present because it can be controlled (3 7%), because it is

real (24%), and because it determines the future (15%). The participants who

considered the present time controllable tended to comment on the uncertainty of

the future and permanence of the past. The participants whose responses are

categorized in the "it is real" category cited a spiritual statement "living in the
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present moment" a Chinese translation of "Real Moments," which is the title of a

best-selling book by Barbara De Angelis (1995). It is also found that many

religious organizations in Taiwan, especially Buddhism, use this statement to teach

their followers. The participants tended to emphasize that they can only

experience the moments and implement the goals in the present.

Seven participants preferred the future. Four of them (7%) justified

choosing the future because it can be planned or shaped, while two (4%) claimed

that the future is full of hope, and one (2%) said that he was worried about the

future because of its uncertainty. In the follow-up interview, the participant who

described the uncertainty of the future told the researcher that he was taking many

psychology credits in addition to science education courses for his minor degree.

Information from informal interviews with students and faculty members in the

department indicated that most of the students enrolled in the teacher preparation

program generally do not plan to have minor degrees. Therefore, this participant

was considered diligent and unique.

All of the three participants who selected the past were Taoists and science

education majors. They all justified choosing the past because it gives good

memories and understandings for self-reflection. They emphasized the

accumulation of experiences in improving their abilities to deal with the present

and future. One also stated that the certainty of the past gives him a sense of

security. Another participant voluntarily noted that time is not a segment on a line

but a circular succession. He used a term that can be translated as "reincarnation"

or "regression of time" to express his cyclical view of time and made following

comment in the follow-up interview:

We can see the changes of dynasties in our history. Every dynasty seemed
to go on the same path rise and collapse. We live in the present and
move toward the future. However, in a while, we will find we are doing
the same stupid things that we had done before. There seems to be a link
between the future and the past. (S22, WQ-interview)
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However, Kearney (1984) argued that it is inappropriate to refer a concern

with repetitive events to a circular image of time. The term "oscillating" is then

considered to be a more proper label to express the view because it allows little

cumulative changes within the life span rather than merely describes that something

revolves. While discussing the view that Nature is subject to the life cycles,

another students seemed to have voiced an oscillating image of time:

Nature is subject to cycles of creation and destruction... According to the
Chaos theory [sic], Nature will collapse and reappear. [Researcher: So,
are you saying Nature will go back to the original status after collapsing?]
No, the reborn world is not what it was. The process actually is not
circular. (S18, WQ-interview)

It needs to be mentioned that the perception of time as a process was not

intentionally assessed in this study. However, such an image of time process

spontaneously emerges from some participants' responses.

The question item for assessing students' time orientation was borrowed from

Lawrenz and Gray's study (1995). Consistent with their finding, the "ability to

control time" was the main justification for choosing the present and the future,

which appeared in half of the responses. These participants seemed to have a

stronger sensation that uncertainty was insufferable. The term "uncertainty" had

been used as one of the categories in the analysis of the human-nature relationship.

It is interesting to find that students who conmiitted to the notion of control were

less likely to suggest the uncertain feature of human knowledge (X2, p= .05). In

contrast, people who view the human-nature relationship with more moderate

attitudes were less likely to think of controlling something.

In summary, the majority of the participants in this study preferred choosing

the present as more important than the other time areas. Three participants who

preferred the past were science education majors and seemed to emphasize the

importance of past experiences. The notion of "controllable" is manifested in a



105

sizable majority of participants' justifications (44%) of preferring the present and

future.

Classification

The ordering of things into groups based on similarities and differences is

called classification. The concept of classification seems to have been well

developed in Western philosophy (Kearney, 1984). In this study, the data for the

Classification domain was derived from the responses to item #3, "...categorize all

of the phenomena in the universe." Examination of the Classification domain

focused on the content of the categories and the criteria by which the content is

grouped. The participants provided a variety of classification systems. Some

drew complex hierarchies, while some wrote down only a few categories and

examples. In order to make comparisons, analysis focused mainly on the first

level of the classification system that each participant proposed.

Of all the participants, 38 (70%) provided a dichotomous categorization,

while only nine (17%) drew a multifaceted classification system. Seven

participants (13%) did not answer the question. Five of them were mathematics

education majors and two were science education ones. Of the participants who

did not provide any classification system two were interviewed to probe their

concepts of classification. One from science education said that he did not

understand the purpose of the classification task. The other mathematics

education student specified his opinion:

I wrote that I did not know how to categorize because nothing in the
world is absolute [Italic added]. What I meant includes two points. First,
the things to be classified must be under the same conditions. Things may
change with different time and space so that there is no single criterion
for classification. Second, classif\jing things needs a purpose or a need.
Otherwise, classification is meaningless. For instance, I want to eat fruit
so I am only concerned about whether it is "a fruit" or "not a fruit." The
purpose of classification thus is to satisfy my own interest. (M27,
WQ-interview)
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It seems that those participants might be confused by the purpose of classification

without context and unable to construct any categorization to include all of the

phenomena in the world.

For the participants using multifaceted classification systems, the most

common categorization provided by three respondents (6%) was natural,

supernatural, and artificial. It is interesting to note that a total of 10 responses

(19%) included supernatural or paranomial phenomena as one of the categories.

For those dichotomous classification systems, the most common categorization was

"living vs. nonliving" with 17 responses (3 1%). The second common

categorization was concerned with the human ability to explain the phenomena (i.e.

knowable! unknowable, explainable! unexplainable, observable! unobservable, and

predictable! unpredictable) containing nine responses (17%). For the third

conmion categorization, human value was involved to classify things such as good

and bad, color and colorless, sensible and insensible, concrete and abstract. This

type of classification system was used by seven respondents (13%). The fourth

common system was "natural vs. artificial" which appeared in five responses (9%).

From the above discussion about participants' categorizations, it becomes

clear that the position of human beings in the classification systems is valuable to

data analysis in the Classification domain. Attention was then directed toward

examining whether the participants placed human Self inside or outside of the

classification system. It is found that 19 students (35%) classified human beings

into one of the categories. The majority of these students adopted "living vs.

nonhiving" as the classification criterion. They tended to classify human beings

with other animal species (animate objects). Twenty-eight participants (52%) did

not classify human beings into the categories. Rather, they tended to group things

based on whether they are man-made or known by humans. In other words, these

participants put the Self outside of the constructed classification systems. In

general, the latter three common categorizations discussed above are atthbuted to
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this type. The following is a multifaceted categorization, according to which

humans are not placed inside of the system:

Natural: including phenomena in the natural world not made by humans
but knowable, such as lightening.
Supernatural: including phenomena that humans have no way to
understand, such as the spirit of the dead.
Artificial: including phenomena in the natural world produced by humans,
such as architectures. (S2 1, WQ)

Of the participants who defined supernatural phenomena as immeasurable and

inexplicable by current scientific knowledge, many recognized that human

knowledge is limited to understand the environment. Their classification

approaches implied that they seemed to have a stronger sense of the Self in

exploring the world.

Table 6: Comparisons of Participants' Classification Systems

No. of Respondents
Science Ed Math Ed

Position of humans
7 13Inside of classification system
16 11Outside of classification system

Categorizations
Living & nonliving 5 12
Knowable/unknowable, sensible/insensible 15 8
Supernatural phenomena included 6 4

It is interesting to find that there were moderate differences between science

education and mathematics education students on their classification systems,

although the Chi-square test only showed a value of .10. As evidenced by the data

presented in Table 6, more science education participants placed humans outside of

the classification systems, while more mathematics education students included

humans in the categorization. A closer examination of the categorizations

indicates that more mathematics education people chose "living vs. nonliving" as
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the classification criterion, which is considered to be a more technical or

impersonal classification method. In comparison, more science education

students divided phenomena into the categories of "knowable vs. unknowable" for

human beings. In other words, science education students seemed to highlight

more on experiential and knowledge-based concepts than their mathematics

education counterparts.

As mentioned earlier, 10 participants thought about supernatural phenomena.

In the follow-up interviews, one of the science education majors said that she and

her classmates had just finished a course assignment on the topics of supernatural

phenomena, scientific verifications, and the development of critical thinking, and

had orally presented their reports to the class during the period of this study. It

was assumed that science education participants were more likely to think of the

supernatural because they had at least heard of this topic. However, of the 10

responses, six were from science education majors and four were in mathematics

education.

In general, participants' responses regarding the Classification domain elicited

by this woridview questionnaire could be divided into two major categories based

on the position of humankind in the classification system. A slightly higher

percentage of participants preferred to group things on the basis of human senses

and values. More mathematics education majors selected the criterion of "living

vs. nonliving" for classification, whereas more science education students

employed an experiential-based concept for classifying things.

Causal Thinking

The Causality dimension of one's woridview refers to his/her thinking about

cause and effect in explaining various phenomena. Item #4 and #5 in the

worldview questionnaire were used in combination to assess participants' causal

thinking (Appendix B). Due to the different objectives of these two question
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items, participants' responses to the questions were analyzed independently.

Question item #4 is very open-ended, allowing respondents to discuss the causes of

a phenomenon freely. Item #5 was selected from one of the Test of Preferred

Explanation (TOPE) items (Cobern, 1995). The choice B in the item was

designed to be more scientifically acceptable (Appendix B). In addition to

determining the percentages of "A" and "B" choices, participants' justifications of

the choices were particularly analyzed. This analysis would provide more insight

into participants' scientific thinking.

Explanations for the Causes of a Phenomenon. In response to item #4,

"what could be a reason for the strong haze?" the majority of participants attributed

the causes to the natural events, including weather (31%), humidity in the air (24%),

and mist (15%). Additional causes included pollution (11%) and fire (9%).

Only two participants suggested religious explanations. Three did not answer this

question. Clearly, most of the participants did not consider human activity to be a

major cause of such a phenomenon. Those who gave religious views seemed to

believe that the rarely seen haze is a bad sign. One of them, a Taoist, cited a

Chinese folk story to explain the strong morning haze as an incident intended to

confuse humans, while another quoted the prophecies in the Bible to say that it is a

sign of the end-time. Essentially, they seemed interested more in effects than in

causes.

When asked to write a method to prove their explanations, about half of the

participants (48%) cited information from meteorology as sufficient proof. Even

for the other causes such as fire and pollution, the students tended to merely explain

the phenomena as facts. These responses were grouped into the "giving an

explanation" category. Several science education majors, in both the written

answers and in the follow-up interviews, mentioned that they had discussed some

relevant issues in their meteorology course. Therefore, they tended to recite what

they had learned as an explanation. About the same number of mathematics
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education students (though they had not taken the meteorology course) also gave

answers in which they repeated something from high school textbooks. Nine

students (17%) were inclined to search for an authority's opinion by "consulting the

weather broadcasts and the newspapers," and "asking for teachers' opinions on

whether my explanation is correct or not" (S2, WQ). The participants whose

views were classified into the two categories discussed above showed a tendency

toward authoritarianism.

Only nine students (17%) preferred to show others evidence by measuring

data or manipulating some kind of tests in order to prove their explanations.

Three of them suggested using instruments to analyze the temperatures and

humidity during the days. The other students thought of some experiments in

terms of teaching others about their explanations. However, the measurements

and manipulations the participants provided were not the controlled experiment.

Three participants (6%) gave an if-then proposition, e.g. "If it is foggy then the

humidity would be high and the ground temperature must drop to some degree at

night" (S 11, WQ). Participants whose views could be grouped into the "showing

some evidence" and "giving an if-then proposition" categories seemed to

emphasize the importance of a more empirical approach in showing their

explanations.

Selections of the Scientifically Compatible Explanation. Answers to item #5

were first analyzed to compare the percentages of "A" and "B" selections.

Interestingly, participants' choices on the explanations were divided almost evenly.

Twenty-seven (50%) students chose the B explanation, the scientifically-more

compatible one, while 24 (44%) selected the A explanation. The other three

participants believed that both explanations could explain part of the phenomenon

and be related or reciprocal to each other. No notable patterns were revealed

when participants' selections were sorted by their genders and other background

variables.
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It is interesting to note that the arguments participants used to justify their

choices were quite consistent within each group. Students who embraced the B

explanation tended to argue that the A option does not have empirical evidence.

There were 14 responses (26%) stressing this view. Examples are as such:

Option A has no evidence to support it. Can we conduct a controlled
experiment to foster a "man" who has lived away from other human
beings, and then take him back after he grows up to test if he has the
ability to sense earthquakes? (M23, WQ)

The A explanation looks like the idea that Carl Jung advocated known as
the "Collective Unconscious". Although this concept has been widely
accepted, it still lacks empirical evidence and it cannot be analyzed
objectively. For the B explanation, we could find evidence to explain this
phenomenon. (Sb, WQ)

The other participants justified choosing the B explanation mainly because it seems

more rational than option A (4%), and because they believe animals' sensibility is

better than humans' (15%). When discussing animals' sensibility, two of the

participants brought in evolutionary theory to critique the explanation:

I do not think human beings have the instinct to predict earthquakes.
Each organism should have at least one stronger quality than other
organisms. Also, the predicting capability is a worthy trait to be passed on
to the next generation. It should not disappear afterward. (Ml 9, WQ)

As for the A explanation, I believe that human beings may have the
ability to sense danger in the surroundings and this ability has gradually
disappeared. However, this disappearance may not be caused by human
reliance on technology. Its disappearance is simply because humans do
not need that ability. (M20, WQ)

Participants who selected the A explanation were also inclined to adopt

evolutionary ideas in their justifications. Twelve of them (22%) conveyed

"disuse" as the mechanism of degradation. For instance:
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The A explanation conforms to evolutionary ideas. A good example is the
chicken and its wings. Since chickens have long been bred by humans,
chicken wings become degraded. The B explanation is more of an
inference. (S6, WQ)

Modern people have enjoyed the protections that have resulted from the
development of technology. Their instinct has disappeared due to lack of
using it. If we had always lived in a dangerous environment, our
sensibility would reoccur; this is why animals have the instinct. (Ml 3,
WQ)

Human beings have long experienced the process of evolution in an
artificial environment. Their innate and natural functions have become
degraded. (S5, WQ)

Such responses seem to indicate that evolutionary concepts are widely accepted by

students in Taiwan. However, these participants seemed to hold misconceptions

about Darwinian evolution. A confusion of Lamarckian ideas with Darwinism

was evident in their responses.

While being interviewed about his justifications for choosing the A

explanation, one student claimed that the idea of reincarnation influenced his

understanding of evolution concepts. He argued that:

Every organism is evolving. I believe all of them [organisms] possessed
those genes at the beginning. According to Darwin's evolution theory,
those disused functions, like rudimentary organs, would disappear....
[Researcher: Do you think your religion has any influence on your views
about this issue?] I personally prefer Buddhism, although I indicated that
Taoism was my religious belief because my family practices Taoist rites.
I consider the evolutionary process to be similar to reincarnation.
Reincarnation means that one would now possess the abilities of his past
life. One has some innate potential, so to speak. I think the potential is a
gift from one's past life. As in evolution, [organisms] retain good
qualities and eliminate bad ones. (M7, WQ-interview)

This student had also used the terms, "Darwin theory" and "survival of the fittest"

in his elaborations on the concept of time. Similar to other participants, M7

suggested evolution as teleological and involving organism's intention, an
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understanding close to the Lamarckian concept of evolution. During the interview,

he was asked to further discuss his learning experience in relation to the

evolutionary theory. He claimed that he had not taken advanced biology in high

school and never heard of Lamarckian or other evolutionary thoughts besides

Darwin's theory of natural selection.

Eight of the participants (15%) choosing the A explanation were inclined to

reflect on the human's relationship with Nature. They completely agreed with the

A statement and repeated that humans have been away from Nature to pursue an

unnatural life. Some arguments were emotional and spiritual:

I have recently read a book, titled "The Pilgrimage: a contemporary quest
for ancient wisdom" [Chinese translation version]. According to what I
have read, the boy in the book and the Egyptian Pharaoh Ramses [II]
were able to read the languages of the great Nature. I think that we
humans have become so arrogant that we have not been listening to the
sound of Nature for a long time. (S23, WQ)

The book S23 cited was written by Paulo Coelho who is an international best

selling author and honored as a special advisor to the UNESCO program "Spiritual

Convergences and Intercultural Dialogues." Comparisons with other domains of

worldviews showed that S23 held a view of the human-Nature relationship close to

the moderate side of the continuum as described previously. Nonetheless, the

other participants who repeated the statement about how humans depart from

Nature did not necessarily view the human relationship with Nature from a

moderate perspective, but most of them had not mentioned that humans should

control over Nature.

In addition, the other two students (4%) selecting the A description insisted

on the existence of the sixth sense in predicting dangers and believed that humans

should have the instinct. Six participants did not justify their choices.

Statistically, participants' preferred justifications do not relate to any of their

demographic variables.
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Relationship of Participants' Responses between Two Causality Items.

Although items #4 and #5 have different features and objectives for assessing one's

causal thinking, both were used to examine participants' ideas of what constitutes a

compelling explanation. It is therefore necessary to scrutinize the relationship that

may exist between participants' responses to these two items. It was found that a

moderate, yet negative relationship existed between the type of proof and the

choice of preferred explanation (X2, p = .18). The participants who showed

authoritarian views in proving their arguments were more likely to suggest the B

answer (the scientifically-more compatible option in item #5) as a convincing

explanation. On the other hand, those who emphasized empirical evidence for

demonstrating the cause were more likely to select the scientifically less acceptable

description.

In summary, a majority of participants were inclined to cite information from

authoritative sources, such as textbooks, teachers, and experts, when asked to offer

explanations as to the cause of a natural event. Only a minority of them suggested

doing measurements and manipulations to verify their speculation. Two

expressed a spiritual or supernatural idea to explain the event. About half of the

participants chose the scientifically more compatible explanation to the TOPE item,

while the other half selected the less compatible one. However, participants who

emphasized empirical approaches to support their explanations, as was assessed by

the item #4, seemed more likely to select the scientifically less acceptable

explanation. This result is somewhat contrary to expectations. Further

investigation of individuals' narratives is needed, as will be discussed later in the

case study.
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Summary

Several notable attributes were recognized through the assessment and

analyses of woridviews held by the participants in the present study. First, the

majority of the participants (61%) provided a human-centered or applied

perspective in discussing the relationship between human beings and the natural

world. They were more likely to emphasize human abilities in exploring and

exploiting the natural world and to refer to the resource aspect of Nature. Still,

many participants (24%) thought of the limitedness and uncertainty of human

knowledge. Those who held a more moderate perspective on the human-Nature

relationship were more likely to address the powerful, unpredictable, and living

aspect of the natural world, in addition to the limitation of human power. The

emergent continuum would be able to delineate the participants' woridviews on the

Self, Other, and Relationship dimensions according to Kearney's model.

Second, the notion of uncertainty seems to be an indicator that determines

participants' perceptions of human Self and concepts of time. Participants who

considered human knowledge limited and uncertain were less likely to use the

notion of control to interpret natural phenomena or to express their time orientation.

It becomes clear that one's awareness of Self influences one's interpretation of

one's own ability to react to or control one's surroundings. Besides, regarding to

the orientation of time, an overwhelming majority of participants (76%) in this

study considered the present more important than other time areas. This result

indicates that participants did not retain the traditional Chinese views on time

orientation as cited in the literature.

Third, the majority of the participants (70%) used the concept of dichotomy as

the major approach to generate their classification systems. The common

categorizations provided by the participants involved naturalistic and scientific

concepts. Participants who placed human beings outside of the classification

systems and grouped things in terms of human values and knowledge (50%) were

slightly more than those (37%) who classified humans into one of the categories in
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the system. However, a closer examination of the criteria that participants used to

classify things shows that many of the participants who placed human beings inside

of the classification system also tended to adopt some technical or impersonal

categories, such as "living" and "non-living," which are relatively easy to conceive.

In addition, a tendency toward authoritarianism is evident in the participants'

explanations for the cause of a natural phenomenon. The majority of participants

(67%) were inclined to give an explanation citing from what they had learned in

school or to ask experts' opinions as a sufficient proof. Only a few students (22%)

stressed the importance of showing empirical evidence to convince others. It is

noted that unlike the findings in Lawrenz and Gray's study (1995), none of the

participants in the present study considered the controlled experiment as a way of

proving their explanations. Apparently, a great majority of the participants (7 0%)

regarded the morning haze merely as a meteorological phenomenon that is natural

and impossible to be studied by conducting a controlled experiment.

As many as 44% of the participants selected the scientifically incompatible

explanation to the issue presented in the item #5. When asked to justify their

choices, 14 participants (26%) referred to theories of evolution. However, they

seemed to hold some misconceptions regarding evolution and failed to differentiate

Darwinian arguments from Lamarck's ideas. Furthermore, their concepts of

evolution may not necessarily be consistent with what they had learned in high

school biology. On the other hand, 50% of the students chose the scientifically

compatible explanation, but only 26% explicitly stressed the empirical feature of

this explanation.

For some interviewed participants, religious beliefs were indeed involved in

their elaborations on some of the issues, including the idea of reincarnation as an

image of time and as an interpretation of evolution, and the creationist views of

human role vis-à-vis the natural world. Except for one particular individual,

however, the participants' religious views were not directly elicited in the written

questionnaire. Furthermore, many participants in this study were inclined to
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provide spiritual statements while asked to substantiate their time orientation and

preferred explanation. Even so, the concepts and processes of science were still

embraced in many participants' responses regarding the human-nature relationship

and causality.

Finally, among all the demographic variables, a student's major area of study

was the only one showing significance on participants' views about the human-

Nature relationship and classification, as well as their concepts of time. More

mathematics education participants provided an anthropocentric or pragmatic

account in discussing human relationship to Nature than their science education

counterparts. Regarding the classification methods, science education students

were more likely to place humankind outside of their classification systems and

emphasized the importance of human values and knowledge in classifying things in

the world. Additionally, the three participants selected the past as more important

than the other time areas were all from the science education department. They

tended to insist on the necessity of accumulating experiences for improving

personal abilities when dealing with the present and future.

Conceptions of the Nature of Science

Responses to the open-ended NOS questionnaire were used to generate a

profile of participants' views of the NOS. Seven aspects of the NOS were

pursued in the present study. These aspects included empirical, inferential,

tentative, creative, subjective (theory-laden), and socio-culturally embedded nature

of scientific knowledge, and the functions of and relationship between scientific

theories and laws. Responses to the two additional questions, which were

concerned with the development of scientific knowledge in relation to Chinese

cultural characteristics, were analyzed to verify the consistency of participants'

views on the empirical aspect of NOS, and to examine their beliefs about

authoritarianism under the context of scientific research.
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A total of 43 students (79% of initial sample) returned the NOS

questionnaires: 23 of the science education majors and 20 of the mathematics

education majors. The background profile of the participants in the NOS data

collection stage did not display any significant differences with that of the initial

sample, as described in the Participants section. Moreover, the 14 selected

interviewees all remained in the study and participated in the NOS follow-up

interviews. The percentages reported in this section are the results subtracted by

the number of respondents who returned the questionnaire (43).

Similar to the analysis procedure of the woridview data, the written responses

to the NOS questionnaire and the transcripts of the interviews with the selected

interviewees were analyzed independently to generate separate profiles. By

comparing the two profiles, the participants' conceptions of NOS demonstrated by

their responses to the questionnaire were generally consistent with the views they

expressed during the interviews. The validity of the open-ended questionnaire

was thus established.

This section reports the profiles of participants' NOS conceptions with regard

to the target aspects as defined previously. During the analysis, participants'

views were constantly compared with the contemporary conceptions of NOS. In

addition to generally classifying participants' responses as "informed" and "naïve"

views, several categories were generated to express the features of their views for

each aspect of NOS. After each quotation, a number following an "5" for science

education majors or "M" for mathematics education majors is used to identify an

individual participant. The name of the instrument (NOSQ-the nature of science

questionnaire) and interviews in which the statement was made are listed. A

systematic analysis was finally conducted in order to search for any relationship

between participants' characteristics (e.g. gender, major, home location, and

religious background) and their NOS views.
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Empirical Basis of Science

Science is a way of knowing the world, a way that seeks and provides

explanations for natural phenomena. The construction of scientific knowledge is

ultimately, although not solely, based on observations of the natural world.

Humans, however, including scientists, do not have direct access to most natural

phenomena. Observations are not only dependent on people's senses but also

filtered through the established apparatuses based upon their theoretical

presuppositions. It goes without saying that empirical evidence plays a crucial

role in science to search for interpretations of the natural world, as is mentioned in

the reform document (AAAS, 1990) where it is stated that "the validity of scientific

claims is settled by referring to observations of phenomena" (p.4). The first item

on the NOS questiolmaire was to inquire about participants' definitions of science.

Also, by asking to compare science with other disciplines, participants'

understandings about the empirical basis of NOS could be assessed.

Definitions of Science. In regard to the definition of science, the majority of

respondents (74%) viewed science as a discipline, which based upon a body of

knowledge, attitudes, and processes in studying natural phenomena. Some

participants (11%) provided a broader definition for science according to which

science is a systematized knowledge concerned with phenomena in the natural and

human world, including the natural sciences and social sciences. Two of them

specifically considered religion, philosophy, and art as a type of science in that all

of these disciplines fit into the definition "science is a generalization of all facts,

principles, and inquiries in the universe" (S22, NOSQ).

Six other participants (14%) described science as equivalent to technology

and stressed its applied functions to improve the quality of human life. They did

not spontaneously think of the role that empirical evidence plays in science when

asked to compare science with other disciplines; instead, they emphasized that
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science contains modern technologies and knowledge developed through them,

which we should learn and implement:

Science includes a wide range of subject matters and knowledge,
especially related to technology. Other disciplines are concerned with
humans' mental components, while science focuses on making our lives
better. (M13, NOSQ)

Scientific knowledge is used to fulfill humans' needs. It is more practical
and functional, while the knowledge of religion, philosophy, and art is
more concerned with mental components. (S15, NOSQ)

Science is to apply modern technology to study humanity or natural
phenomena in-depth, while the other disciplines provide only superficial
understandings about those phenomena [Italic added]. (M12, NOSQ)

Participants used the term "modern" to describe science as opposed to their

perceptions of other disciplines as "traditional." They believed that science is the

trend for the future, that it has the potential to change human life, and that science

differs from other disciplines because of its rigorous procedures.

Understandings of the Empirical Nature of Scientific Knowledge. In

responding to the first item on the NOS questionnaire, about 63% of respondents

specifically attributed empirical characteristics to science. The terms "empirical"

and "empiricism" were frequently used to express this view. Responses to other

items on the questionnaire also showed that many participants perceived science as

a discipline that seeks tangible, concrete, measurable facts or evidence. These

ideas regarding the relationship between evidence and scientific knowledge,

nonetheless, might not be consistent with current conceptions of this aspect of

NOS.

Twelve participants (28%) spoke of science as a pursuit of truth. They

intensely believed that scientific knowledge should be verified (proved) through a

vast amount of experimentations until it is recognized as absolute truth. Three of
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them also seemed to believe that scientists follow a certain procedure for

developing scientific knowledge:

Scientific knowledge is developed through some systematic procedures,
is to search for orders in the world, and can be tested by experiments. In
science there are fixed principles and facts, while in the other disciplines
there seem to be no "right" and "wrong" answers. Science is objective,
while the other disciplines involve subjective elements. (Ml 4, NOSQ)

Science is a discipline to pursue the truth. [Scientists] formulate questions
about natural phenomenon, test hypotheses through experiments,
re-formulate and re-test the hypotheses when they are incorrect, and
repeat testing to reach the absolute truth. (S24, NOSQ)

Additionally, seven participants (16%) emphasized the features of

verifiability, repeatability, and objectivity in scientific experiments (or

investigations). In their views, the reliance on empirical evidence makes science

exclusive of subjective factors, such as human biases and values. They strongly

embraced the ideas of (logical) empiricism but overlooked the human elements of

interpretation, intuition, and opinion. One student, for example, wrote that

"Science is a knowledge that is particular about evidence and data. Unlike

religion, philosophy, and art, science is full of objectivity" (Mb, NOSQ).

Another of this student's colleagues stated:

I think that science explores how the natural world works; scientific
knowledge is developed through objective (absolute) methods, is written
down using mathematical symbols or based on human experiences, and is
then applied to our everyday lives. Science is objective, not man-made.
People only describe the principles they find in the natural world.
Scientific knowledge, conclusions, theories, or the generated
mathematical formulas, which were derived from experiments, could be
used everywhere. On the contrary, religion, philosophy, and art are
subjective, irrational, and created only for human preference. (M27,
NOSQ-interview)
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Though they did not directly mention the term "objectivity," the remaining 10

students (23%) also described science as more precise, rational, and systematic than

other disciplines due to its reliance upon measurable facts. Apparently, the

aforementioned participants held a naïve view about the empirical nature of

scientific knowledge.

Without any exception, those participants who defined science as technology

or with a pragmatist perspective (16%) were unable to acknowledge the importance

of empirical evidence in the scientific enterprise. In their responses to the first

and fourth questions on the NOSQ, scientific achievements only included

discoveries of new knowledge and inventions of useful instruments for satisfying

humans' needs. Some of their quotations were listed previously. These

participants' conceptions of the empirical aspect of NOS were also characterized in

the naïve category.

Only five participants (12%) responded in ways that were more consistent

with the current conceptions of NOS. These participants suggested that empirical

evidence is to support, but not to prove, scientific claims. They expressed an

explicit view that science is a human endeavor to understand the world, which by

all means involves subjective and social factors.

Science is knowledge, is human explanations for everything in the world,
and of course is created by human beings. Evidence makes science
different from other disciplines. The evidence must be something that can
be sensed and understood by humans. (S20, NOSQ)

Science is a human attempt to explain natural phenomena (including
social and environmental instances). It is an enterprise in which scientific
knowledge is "reproductive" and "verifiable." The biggest difference
between science and other disciplines of inquiry is that science attempts
to be "objective." Religion, philosophy, and art also give explanations to
some "phenomena," but the explanations are usually offered by prophets
or authorities. They usually lack "evidence," which is what science
emphasizes [emphases in original]. (S 18, NOSQ)
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Everything studied in a systematized, quantified, qualified, and
objectified process can be called science. What I said as "objectified" is
more concerned with an attitude than a method. Science is still subjective
to some extent, as if we cannot objectively observe a thing without any
perceptional interference. Compared with other disciplines, "empirical
nature" is what makes science different. Scientific knowledge cannot be
established if there is no evidence to support it [emphases in original].
(S 10, NOSQ-interview)

It is interesting to note that S 18 and Si 0 made a connection between science and

objectivity. However, what they emphasized was that there is much in science

that is based on personal belief and conventions, In their views, objectivity is just

an "intention" sought by the scientific community and an "image" presented in

public (participants' conceptions of subjective nature of scientific knowledge will

be discussed in detail later). The remaining five participants did not provide

responses containing references to the empirical nature of scientific knowledge, nor

did they recognize science as a different way of knowing the world as compared to

the other disciplines of inquiry.

In summary, an overwhelming majority of participants did not provide

informed understandings regarding the relationship between evidence and scientific

knowledge, though many of them generally attributed empirical characteristics to

science. These participants either viewed science as technology, or held an

absolutist concept of scientific knowledge, or equated scientific inquiry to merely

experimental confirmation. Unlike their counterparts who believed that scientific

knowledge is solely based on tangible facts, only five participants (12%) explicitly

noted human endeavors in constructing scientific knowledge.

There are two notable patterns between participants' understandings of the

empirical aspect of NOS and their demographic variables. It is recognized that the

five participants who expressed adequate views on this aspect were all science

education majors (X2, p< .01). Out of seven participants who defined science with

a pragmatist perspective, five were females.
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Observation, Inference, and Theoretical Entities in Science

The second item of the NOS questionnaire asked respondents how certain

scientists are about the structure of the atom. This item was intended to elicit

participants' understandings of the role of models and the distinction between

observation and inference. The atom, one of the important terms in the physical

sciences, is a theoretical, and not directly observable entity. The theoretical

entities are inferred explanations (models) and can only be measured through their

effects or behaviors. Responses to this question item were used to determine

whether the participants understood that the construct of the atom is based on

indirect evidence and inference, or whether they incorrectly attributed scientists'

understandings of atomic structure to direct observation.

Twenty participants (47%) indicated that scientists are quite certain about the

structure of the atom. Only two of them specifically stated that scientists have

used electron microscopes to determine the atomic structure:

Scientists are pretty sure about [the structure of the atom] now! I vaguely
remembered that someone had used X rays to obtain some relevant
evidence and to infer what an atom looks like. But, now [scientists] can
see the structure inside the atom from electronic microscopes. People
have used their inventions to discover or determine many facts. (S 12,
NOSQ)

Thirteen of these participants provided general responses, saying that scientists

have conducted many experiments and used high-powered equipment to determine

the structure of the atom. Although their responses did not reflect a belief that

atoms could be seen, these participants seemed to believe that scientists had

conducted a variety of experiments to "prove" their view of the atomic structure.

Some of them thought of the possibility that scientists might "discover" smaller

particles in the atom. However, they seemed to agree that an atom and its

elements are real entities rather than a model developed to express a theory:
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Scientists are 99% certain about the structure of atoms. Only 1% is
uncertain, because they probably will find a particle smaller than a quark.
As for the evidence, scientists might have used super-precise equipment
to do experiments. They could also use some principles, such as
electromagnetism, to obtain the mass of an atom. (Ml, NOSQ)

Another seven of these students did not provide specific evidence scientists used to

construct the atomic structure, but expressed a faith in the efforts that scientists

expended to understand this fact.

I think scientists have knowledge superior to that of other people. They
should have in-depth understanding about the structure of the atom by
using some precise machines. They use what they have observed and the
results from experiments to determine the atomic structure. (M24,
NOSQ)

Three participants (7%) wrote down "I do not know" or "I am not sure" in

response to this question. Their conceptions of the inferential nature of science

could not be identified. Three other participants (7%) seemed to hold tentative

views on the issue raised in the item #2. They were unwilling to comment on how

certain scientists are about the structure of the atom, even though they were able to

recite some evidence from textbooks. They seemed to realize that there is no

direct evidence to prove the structure of an atom, and were rather skeptical about

how accurate the scientists' experiments were to support their claims about the

atomic structure. Still, they failed to recognize the relevance of indirect evidence

and inference to constructing a scientific model, and expected the existence of

absolute knowledge. All three of these students were mathematics education

majors and attended the follow-up interviews. During the interview, one claimed

that she was not interested in critiquing what she had learned in school:

Someone said scientists used X-rays to detect electrons outside of the
nucleus; they guess there must be positively charged particles inside
because they found particles with negative charge. I think this issue
should be given to those people who are interested in studying the
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structure of the atom. Knowing this [concept of the atomic structure] only
helps me increase my knowledge. I would never have doubts or
comments on what I have learned. (M6, NOSQ-interview)

Overall, the responses of the aforementioned participants, including

approximately half of the entire sample, were categorized as the naïve view. Out

of 43 students who returned the NOS questionnaire, 17 (40%) demonstrated

adequate understandings of the distinction between observation and inference.

They noted that the structure of the atom was determined through the analyses of

indirect evidence. Many were able to identify the atomic structure as a model that

could provide enough information and explanations for observations of some

phenomena at the present time. For example:

Scientists are unable to ascertain the structure of an atom, but only infer it
from indirect evidence they have found or by using their prior knowledge.
This model has not been rejected because it can explain things so far.
Scientists used Dalton's atomic theory as a base and then conducted
experiments to test their ideas. (M27, NOSQ-interview)

The structure of an atom is just a hypothetical model that is similar to the
model of the universe [planetary orbits]. Nucleus, proton, electron, and
neutron are terms defined by scientists. The model of the atomic structure
has been frequently updated and it requires further study. (M23, NOSQ)

Interestingly, two of these participants were in favor of the idea of uncertainty

while discussing the issue of how the structure of an atom is formulated. In the

section describing participants' views on human relationships with nature, it was

found that one participant (S 18) had embraced a view of uncertainty. In the NOS

interview, he explicitly expressed his concept of Heisenberg's principle of

uncertainty:

An atom cannot be seen directly. Even though the atom really exists, it is
impossible to correctly measure or observe the atom using microscopes,
for instance, because the microscopes are also made of atoms. According
to Heisenberg' s principle of uncertainty, the measurement itself can make
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unexpected errors. While determining the atomic structure, scientists
used some evidence to support their "hypotheses." The model of the
structure can only be labeled as "currently found" not "exactly true," and
the current model does a good job of explaining observed phenomena for
now [emphases in original]. (S18, NOSQ-interview)

The other student, S22 addressed a similar view using a challenging tone:

Have you ever thought that the machines we use to measure the structure
of an atom are bigger than an atom? How can we know the measurement
is precise and how can we know we have found every thing in an atom?
What we know [about atomic structure] is just an inference scientists
made out of the data. (S22, NOSQ)

Of the 17 students who held adequate understandings on the inferential aspect

of NOS, 11 were science education majors. However, it is noted that those two

students who indicated that scientists actually see an atom by using microscopes

were also science education majors. The six participants who were not sure about

or did not comment on the issue addressed in the item #2 were all mathematics

education majors. Although there seem to be some patterns revealed in the data,

in general, participants' informed and naïve views on this aspect were not

statistically related to their gender, major, and other background variables.

On the inferential nature of science, about 40% of the participants generally

recognized that the structure of an atom is determined by indirect evidence. Two

students mistakenly stated that scientists can actually see an atom through

microscopes. The others tended to believe that the atomic model has been proven

or that knowledge of the atomic structure should not be questioned.

Tentative Nature of Scientific Knowledge

Scientific knowledge is durable but tentative. Scientific claims change as

new evidence is found through advances in theory and technology, or as the

evidence is reinterpreted in the light of theoretical progresses, changes in cultural
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and social perspectives, or shifts in research paradigms. The fourth item on the

NOS questionnaire inquired about whether scientific theories change and the

reasons behind such change. Responses regarding the definition of scientific

theories were incorporated to examine participants' conceptions of the tentative

nature of science. In many cases, respondents' views regarding this aspect would

also be revealed in the other items on the questionnaire.

Without any exceptions, all participants in the present study checked the

answer that scientific theories do change. However, further examination of

participants' elaborations on the reasons for theory change indicated that a great

majority of them (77%) indeed held limited views about tentativeness in science.

Nine of these participants (21%) attributed the reason of theory change solely to

accumulations of new discoveries and information, and advances in technology:

Theories might change because there will always be new discoveries in
science. But, before the theories change, we still need to learn them
because science is developed through an accumulation of knowledge and
facts. (S2, NOSQ)

Theories could be changed or disproved with more measurements and
experiments made by advanced technologies. (S7, NOSQ)

Twelve participants (28%) essentially maintained an absolutist concept on the

development of scientific knowledge. They tended to believe that a scientific

theory is just "an idea" or "someone's viewpoint" about certain scientific issues.

According to their understanding, scientific theories may not be "correct" because

experimental errors could be found, and a theory as an idea (hypothesis) needs to

be verified (proved) through the findings of additional evidence:

Scientific theories are in a stage of validity testing. They may not be true
or false. Once we cannot find evidence to refute that theory, it becomes a
law. (M27, NOSQ)
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A scientific theory is just a theory. Everyone can bring up his/her own
viewpoint. Theories must be proven in order to become laws; until then
they will not change any more. (M14, NOSQ)

Responses of 11 of these participants (2 6%) indicated that they were not able

to defend the position that scientific theories change over time. Even though

many of them stated that "nothing in the world is absolute and unchangeable

including scientific theories" (M4), they did not provide any elaborations on the

reason. These participants seemed to know that differences of space and time

could make a scientific theory insufficient to explain some phenomena in the future.

Yet, they failed to recognize that a scientific theory is not just to be refined or

extended through accumulations of information, but it could also change as a result

of different ways of looking at the existing evidence.

By comparison, 11 participants' responses (26%) seemed to be more

consistent with current understandings of the tentativeness in science. They noted

other factors in addition to new evidence and technologies as reasons that cause

theories change. Many of these participants recognized that the advancement of

new ideas (perspectives) plays as important a role in theory change as does the

accumulation of evidence. Some further pointed out that anomalous data or

observed phenomena could induce the modification or refinement of a scientific

theory:

People develop scientific theories based on their prior knowledge. The
theories are usually able to explain things in a certain context. A new or
refined theory will be developed through further explorations and
discoveries about the natural world. (S 12, NOSQ)

It is possible that some phenomenon [anomaly] is not observed or a
factor is ignored when a theory is constructed. [Someone] might take
another look and modify the theory. (S14, NOSQ)

However, it should be noted that this analysis is relatively liberal. In

responding to item #4, almost all the respondents (98%) did not provide specific



130

examples of theory change in their written responses. It could be because the

question item did not directly ask them to include genuine examples in their

arguments. Therefore, in the follow-up interview the participants were required to

provide an example. Seven of eight interviewed participants who held naïve

views about the tentative nature of science were either unable to think of a suitable

one or provided inadequate examples, such as: "Doctors used to give antacids to

patients who had problems with gastric ulcers. Recently, a doctor found that there

is a kind of bacteria in a patient's stomach while he has gastric ulcer. So, the doctor

prescribes antibiotics and cures the patient" (S9, NOSQ-interview). Another

student cited evolutionary theory but presented it mistakenly: "The Evolution

theory is advocated by Darwin. But I find it interesting that Darwin refuted his own

theory after all. My friend told me that Darwin himself had realized that evolution

could not account for the complexity of human eyes which possibly evolved

through millions of mutations" (Mo, NOSQ-interview).

On the contrary, the five participants who indicated informed views of the

tentative nature of scientific knowledge were able to give adequate examples to

support their ideas during the follow-up interviews. They each cited different

examples, including atomic models, evolutionary theory, dinosaur extinction, and

quantum physics versus Newtonian physics. In fact, two of them spoke of the

concept of relativity and its impact on the application of Newton's laws in outer

space. They noted that scientific theories are human attempts to explain the world,

which are often backed up by solid evidence, but their applications are frequently

limited to the earth:

I don't believe that things in the world do not change. Theories change
because people attempt to find better explanations.. . [But] many theories
cannot be applied to the situations outside of the earth. Once the space
and time change, other factors need to be taken into account. For example,
this formula F=ma, when used in other galaxies, might need some
revisions or the addition of other parameters. Maybe in black holes this
formula is no longer valid. (S22, NOSQ-interview)
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The second part of the item #4 on the NOS questionnaire was intended to

assess participants' understandings regarding the explanatory function of theories.

Eighteen respondents seemed to indicate that scientific theories are the best

explanations for the current world and serve as baselines for further investigations.

However, about one fourth of these responses (5 participants whose views were all

characterized as naïve) indicated that scientific theories, while serving as a basis for

future research, are meant to be proven as absolute knowledge (i.e. scientific laws).

Participants who held informed understanding about the tentative nature of

scientific knowledge provided more sophisticated explications about the role that

theories play in guiding research (7 participants):

A theory becomes a solid explanation of reality while being tested for
many times and backed up by evidence or other relevant theories. This
theory could generate more research ideas and initiate other theories'
development. (Sb, NOSQ)

Thirteen other respondents stated a general view about why it is worth

learning scientific theories even though they are likely to change in the future.

Most of these responses were concerned with teaching and learning in science: "We

should learn scientific theories in order to have basic knowledge so that we could

find more information to disprove these theories in the future" (S 15, NOSQ).

Three participants indicated that learning of scientific theories is just a training that

helps us acquire a scientific way of viewing the world: "Learning scientific theories

is not just to memorize the statements or results, but is to know the methods,

frameworks, and creativities that scientists put into the development of theories"

(M26, NOSQ). Two actually held informed views about tentativeness, and four

students suggested a practical reason for learning scientific theories. The

following quotation is an example:

Many things in Nature are mysterious and unknown. Scientific theories
are what scientists develop to explain the natural world. We should learn
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them to improve our understandings about things around us and to solve
problems we encounter in the course of daily life. (Ml 5, NOSQ)

Overall, even though all of the participants believed that scientific theories do

change, the majority of them (77%) did not provide adequate understanding about

the establishment of a scientific theory and the role that innovative ideas and

anomalous data play in the tentative nature of scientific knowledge. Some

interpreted the tentativeness with a naïve relativist view, i.e. everything changes.

Only 23% of the participants held informed views on this aspect. Finally, it was

found that 10 out of 11 participants who held informed views on the tentativeness

were science education majors (X2, p< .01). In addition, nine were male students.

Distinction and Relationship between Scientific Theories and Laws

Scientific theories are inferred explanations for observable phenomena or

regularities in those phenomena, whereas scientific laws are descriptions or

statements of the relationships among phenomena. Theories and laws are

different kinds of knowledge and one cannot become the other. More importantly,

each scientific theory is a well-established system of explanation, which is as

legitimate a product of science as a scientific law. Therefore, scientific laws do

not have a higher status than scientific theories.

Initial analysis of participants' written responses to the questionnaire revealed

that an overwhelming majority of them (95%) expressed inadequate views of

scientific laws and the relationship between theories and laws. Only two

participants seemed to provide adequate definitions for scientific theories and laws:

"A scientific theory is an attempt to explain a physical phenomenon, while a

phenomenon often performs in the way described by scientific law" (S18).

However, it is very disappointing that in the follow-up interview S18 voluntarily

described the hierarchical relationship between scientific theories and laws and

stated the scientific method as the procedure for developing laws. According to
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his statement, a scientific law is a proven theory that is able to completely describe

an observable phenomenon. The second student stated that, "A scientific theory is

what scientists use to explain a phenomenon or to describe an instance, whereas a

law is the conclusion of some rarely-changed orders in the natural world" (S 15).

However, the example Si 5 provided for a legitimate scientific theory was the

"game theory," which in fact is not a scientific theory, but a theory often used in

economics.

As such, all of the respondents seemed to hold naïve views on the relationship

between scientific theories and laws. They generally believed that scientific laws

can be proven true through repeated testing. Also, they consider scientific

theories to be tentative antecedents to scientific laws. Such concepts conformed

to the belief that a hierarchical relationship exists between scientific theories and

laws. Five participants mistakenly defined scientific theories as statements of

corresponding laws or as instructions for performing scientific investigations.

Some others (7 students) considered a theory as just an idea or "unproven"

hypothesis. The other five students explicitly asserted that theories can become

laws when proven true. One of the participants chosen for interview referred his

understanding of the relationship between theories and laws to his science learning

experience in high school. When probed for elaboration and examples, he began

to suspect that the relationship is not as simple as he originally thought:

Theories become laws after repeated testing. In middle and high school, I
was taught that a theory has to be tested; if it failed to pass testing it went
back to the theory stage; if it passed, it became a law. I remember that
diagram. However, in reality, it is not that simple. [Researcher: Are there
any theories prior to Newton's laws?] I am not sure. Perhaps there was
one at the beginning, I guess. (S 10, NOSQ-interview)

Similarly, three participants who initially described laws as more certain than

theories in their written responses further conveyed a hierarchical view of the

relationship between theories and laws during the follow-up interviews. They all
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cited the step-by-step procedures for the formation of scientific laws and believed

that a theory should exist before a law could be formulated, but were unable to

name any particular one:

I cannot remember any theory before the law of conservation of mass, but
I believe there is one. We always learn the final products of science. We
are rarely taught how such laws or knowledge are developed. (M6,
NOSQ-interview)

As illustrated by the above discussion, it is evident that some participants'

conceptions of scientific laws were inconsistent with their views of the tentative

nature of scientific knowledge. A rather encouraging finding was that three

participants, though they credited scientific laws with being more reliable and static,

spontaneously remarked that laws are subject to change with new information and

advanced technologies. When directly asked about whether laws change, seven of

the 14 interviewees confessed that scientific laws could change if they no longer

apply to new data or new contexts, e.g. outside of the earth. In addition, one

participant in the written questionnaire stated that a scientific theory could

encompass several scientific laws. This statement seemed close to a view that

theories usually are more complex than laws. However, he did not elaborate his

response with any examples or in any detail. One other student in the follow-up

interview described the difference between theories and laws in a more

sophisticated way. Yet, he still believed in the existence of absolute knowledge:

Theories are intended to encompass all the patterns or orders in the natural
world. There are always more in-depth studies contributed in the constructions
of scientific theories. An example is the theory of relativity. Laws are
descriptions about natural phenomena, which are defined by scientists. The
descriptions might be incorrect because of subjective ideas involved.
However, real laws are fixed, such as gravity. There seem to be no cases that
can be used to refute Newton's law. (M27, NOSQ-interview)
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The above analysis indicated that participants' belief in a hierarchical

relationship between theories and laws seemed to stem from their secondary

science curricula. Therefore, an examination of the participants' science curricula

in secondary school might provide in-depth understandings about their views.

The science textbooks were uniform and written by one government authorized

organization (National Institute for Compilation and Translation, NICT) during that

era. All secondary science textbooks used in Taiwan between 1992 and 1998

were thus examined for information regarding scientific theories and laws.

Examples in the latest editions of textbooks are adopted for the following

discussions because the contents generally remain the same among different

editions, which are all based on Taiwan's curriculum standards in 1983.

It was found that biology textbooks used for participants' seventh and tenth

grade years had sections introducing the scientific method; and in the same sections,

the relationship between scientific theories and laws was defined. The diagram

which one of the participants referred to indeed appeared in one chapter of the

biology textbook for seventh graders (NICT, 1996; see Appendix G for original

document and translation). Given the diagram as an example, the procedure of

forming a scientific law starts with observations, questions, hypotheses, and

experiments. If the results of experiments are confirmed by retesting, a theory can

be formulated. A law is formed after a theory has been repeatedly, successfully

tested. Another chapter in the general physical science textbook designed for the

tenth graders was also dedicated to discussing the scientific method. In this

chapter, there were separate sections introducing about scientific laws, and

scientific theories and models in detail. One statement was made in the chapter as

such: "Models and theories, while being proved with enough experimental

evidence, are likely to advance as laws" (NICT, 1997). In general, participants'

views of the definitions of and relationship between scientific theories and laws

were congruent with the statements in the science textbooks.
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Human Creativity and Imagination in Science

The development of scientific knowledge, while based on empirical evidence

generated from observations of natural phenomena, is also derived from human

imagination and creativity. People often view creativity in scientific

investigations in terms of resourcefulness and ingenuity, but overlook the role that

creativity plays in interpretation and the invention of explanations (Abd-El-Khalick,

Bell, & Lederman, 1998).

With only two exceptions, almost all respondents (9 5%) agreed that both

creativity and imagination are essential attributes of scientists and are significant to

the development of scientific knowledge. One student indicated that she was

unable to answer the question. Though the other student had checked the "yes"

answer to question #5, he stated that scientists use their imaginations, but

"imagination itself is unfeasible;" scientists need to "use creativity to implement

their ideas, to make them real"(M 12). He seemed to interpret the term creativity in

a practical sense and supposed that a scientist might make a design or "blueprint"

by using imagination, which is ineffective until it is tested or carried out.

Participants' responses indicated different emphases on the specific stages in

which they thought scientists use imagination and creativity. Eighteen

participants (42%) thought that scientists employ imagination and creativity only in

the planning and design stage of investigation. These participants tended to

believe that creativity and imagination come into play when scientists need to make

plans "out of nothing;" plans serve as a starting point for all investigations.

Similar to M12's confession stated above, their responses indicated that plans for

scientific investigation and designs for new devices must be tested because they are

just a "hypothesis" and an "idea:"

The development of scientific theories relies on creativity and hypothesis.
Imagination, creativity, and hypothesis, to me, are quite similar, so I
think scientists must use their imaginations and creativity. (Ml, NOSQ)
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The idea of "the scientific method" is manifested in some of these participants'

views about the role that creativity and imagination plays in scientific investigation.

The following interview excerpt is typical:

Scientific investigations follow the procedure making observations,
generating hypotheses, and doing experiments. I think creativity and
imagination are used in the stage of generating a hypothesis because you
need to predict what would happen during the investigations and also
plan the procedures for gathering data. During data collection, you only
find materials to do experiments. After collecting data, you only organize
data. I think in these two stages you don't need creativity and imagination.
(S9, NOSQ-interview)

In the follow-up interviews, some participants shifted their views to say that

scientists might use a little creativity and imagination in the other two stages. Still,

these participants did not seem to use these terms to refer to the invention of

explanations. Instead, their words evoked the statement that the generation of an

explanation is solely empirically-based and should involve as little creativity and

imagination as possible:

I think scientists use varying degrees of creativity and imagination while
conducting a scientific investigation. I certainly believe creativity and
imagination are used in the planning and design stage. Scientists use
more imagination when generating questions or hypotheses. When
actually doing experiments, they use less imagination, but might use
some creativity to organize the data. After data collection, scientists make
explanations about what they found, which should be based on empirical
evidence. I think they use little, if any, creativity and imagination.
(Ml 5, NOSQ-interview)

Seven of the respondents (16%) expressed their belief that creativity and

imagination play a role in both design and data interpretation stages. They

emphasized the use of creativity and imagination for the formulation of ideas,

making predictions, and for scrutinizing data which may be inconsistent with

original hypotheses:
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I think creativity and imagination are used in the planning and after data
collection stages. In the planning and design stage, scientists need to have
questions about the natural world. Naturally, they would use imagination
to design a plan. In the stage after data collection they reorganize data.
If they find any differences with what they originally assumed they
would need imagination and creativity to reevaluate initial plans. (S 14,
NOSQ)

Some of these participants' responses also suggested that they believed scientists

should collect data as objectively as possible in order to ensure the credibility of

conclusions for verifying hypotheses:

I think scientists do not need creativity and imagination for collecting
data. Theoretical scientists put together some data from other scientists'
studies, while experimental scientists conduct experiments to gather data.
Accumulating data doesn't require creativity and imagination.
Scientists just use data to support their claims. (M7, NOSQ-interview)

About 28% of the respondents conveyed the idea that imagination and

creativity permeate all stages of scientific investigation. However, half of these

participants either limited science to a view of hypothesis testing or did not provide

further elaborations on their emphases of all stages. Only six students were able

to make connections between the use of creativity! imagination, generating new

approaches to collecting data, and inventing explanations to interpret the patterns in

the investigated phenomena:

They generate questions about phenomena, use imagination to predict
some factors, and then make hypotheses for testing. After data collection,
they need imagination to find patterns and relationships within the data in
order to make inferences about the phenomena. During data collection,
they need to use some new approaches. For example, those scientists
used some new strategies to separate cell membranes and finally
proposed the Fluid-Mosaic Model. (Si 1, NOSQ)
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Another four participants (9%) specifically noted that scientists use creativity!

imagination in the stage following data collection because they need inspiration for

data analysis and inference:

Scientists very much need creativity and imagination during the stage
following data collection. It is the most difficult part when scientists try
to find orders from the stagnant data and further explain them. (S 19,
NOSQ)

Everyone knows there are high-density metals inside of the earth, but
who has ever reached to the center of the earth? Scientists calculate the
density of the earth's center by comparing it with the density of the crust.
This is where creativity and imagination come into play. (S 17, NOSQ)

In summary, only about 23% of the respondents, including six who selected

all stages and four who emphasized the after-data-collection stage, seemed to hold

informed views regarding the creative nature of scientific knowledge.

Additionally, only 10 respondents spontaneously provided examples to support

their views concerning the use of imagination and creativity in science. The

examples were generally taken from the history of science and technology, four of

which were related to inventions, such as the light bulb, car, and computer, the

other six were concerned with the development of several well-known theories,

such as atomic theory, the earth model, quantum theory, and others shown in the

above excerpts. Finally, it is found that nine out of the 10 participants who had

adequate understandings of the use of creativity and imagination were science

education majors (X, p< .0 1).

Subjective Nature of Scientific Knowledge

Scientific knowledge is subjective or theory laden. Scientists' prior

knowledge, experiences, training, theoretical commitments, and expectations

influence how they conduct their investigation, what they observe, and how they

analyze and interpret the data. These observations and investigations are guided
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by questions or problems, which are actually derived from certain theoretical

perspectives. Subjectivity is not a harmful concept about science if people view

science as a discipline that involves human endeavor.

Item #6 on the NOS questionnaire presented participants with a scientific

controversy in cosmology. Participants were asked to explicate how scientists

could arrive at such different conclusions about the fate of the universe when

scientists have access to the same set of data. In the written responses to this

question, most of the respondents seemed to claim that this controversy is caused

by scientists' different viewpoints and different ways of analyzing the data.

However, such a statement does not guarantee a comprehensive understanding of

the subjective nature of scientific knowledge. Of these respondents, three (7%)

deemed themselves to lack enough knowledge of this topic in order to judge this

controversy even though they wrote statements similar to the above. One of them

was interviewed for further elaboration. She mentioned that she did not feel she

had solid background in cosmology, but thought that "[scientists] use different

ways to interpret the data. This issue is unknown to me. So, I think I would listen to

either one of the conclusions" (S9, NOSQ-interview). Three others (7%) did not

explicate any reasons as to why scientists' viewpoints would influence their

interpretations of data.

Combined analysis of responses to both the first and sixth items indicated that

many participants (30%) tended to consider science an objective discipline so that

these scientific controversies exist only because there is not enough "powerful"

evidence to make an "accurate" conclusion.

Although the data is the same, scientists could use different ways to
interpret it and come up with different conclusions. I think this
controversy occurs because they haven't found enough evidence. (M23,
NOSQ)

I think they rely on their own opinions to explain this phenomenon,
because we have no way to know whether the universe is expending or
shrinking at this time. If they were really certain about it's expanding or
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shrinking, they would not have different conclusions. There is no
powerful evidence to make a final conclusion. What they advocate are
just some theories, which are not as legitimate as laws or principles.
(M22, NOSQ-interview)

A few of these participants (5) seemed to agree that some subjective factors, such

as prior knowledge and theoretical commitment, could make scientists interpret

data differently, but they still emphasized that scientists would reach a consensus

on the issue if they have more evidence in the future:

Maybe they use different theories or principles to interpret these data.
Scientists use available data to prove their subjectivity [sic] because their
ideas are not objective. For example, if I support the theory that the
universe is expanding, I would find all kinds of evidence to fit this theory.
(M27, NOSQ-interview)

It depends on how they interpret the data, but it doesn't mean that science
is not objective. Some day, in the future, scientists will know the answer.
They will build space ships flying in outer space to see whether the
universe is expanding or shrinking. By such means, their conclusions
could become certain and objective. (S 12, NOSQ-interview)

These responses implied that participants seemed to hold a view that subjectivity is

temporarily acceptable when the data is insufficient, but should be avoided or

eliminated at some point.

Clearly, the notion that every conclusion is equally valid due to insufficient

evidence was welcomed by many participants. Five of them (12%) preferred to

discuss the limitations of human ability. Like S12, they believed that scientists

make no absolute conclusions about the fate of the universe because they cannot

see what is happening from outside of the universe; they seemed to hold a more

pessimistic view on the controversy regarding the ultimate fate of the universe:

Because the universe is unknowable, [scientists] can only guess what is
happening. No one could make sure which one is right or which one is
wrong. Because we cannot live outside of the earth, we can only make
simulations but have no way to prove our interpretations. (M7, NOSQ)



142

[They come up with different conclusions] because of their subjectivity
and different perceptions. We exist in the universe and are never aMe to
surpass the space and time that the universe provides. We have no way to
actually measure the universe. Everything is just a guess. (Ml, NOSQ)

In addition, three participants (7%) tended to argue that factors such as

scientists' egos and reputations often lie behind the controversy. They suggested

that scientists could explore the question of whether or not the universe is

expanding from different angles or perspectives. On the other hand, they were

still in favor of someday arriving at a single conclusion. Their responses

conveyed a negative impression about scientists' work and the occurrence of such a

scientific controversy:

There is no accurate answer to the issue addressed here. Also, there is no
way to really experiment and observe the phenomenon. Therefore,
everyone could explore this issue from different angles and come up with
different results. They probably create different theories just attempting
to contradict the others. (M26, NOSQ)

As far as I know, the theory that the universe is expanding has received
much public acceptance. As to why other theories would be produced, I
think it is because those astronomers want to be famous in the scientific
community. They want to be leaders instead of followers. It is their desire
that drives them to do so. (S20, NOSQ)

In general, about half of the respondents ascribe the controversy to the

scarcity of data. As discussed above, they presented this view in several different

ways. However, about 37% of respondents provided adequate understandings of

subjectivity in science. These participants noted that prior knowledge,

disciplinary commitments, theoretical presuppositions, and the personal beliefs

different scientists possess might influence their interpretations of the data:

They might have the same set of data, but they place unequal emphases
on different parts of the data. That is, based on their theoretical
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framework, they might take some parts of data to be more important than
the other parts. (Ml 5, NOSQ-interview)

Although they all have access to the same data, they could read the data
differently. It is like that when people look at a work of art; different
people have different preferences and subjective ideas so that they see
things differently. (S 14, NOSQ)

Analysis revealed that out of 16 respondents who had informed understandings on

subjectivity in science, 11 were in science education (X, p .10). Yet, the

statistical test might not show satisfactory significance.

Social and Cultural Influences on Scientific Knowledge

Science as a human enterprise operates within particular cultures and societies.

Science profoundly affects and is affected by the various elements of the culture

and society in which it is embedded. These elements include politics, economics,

religions, philosophy, values, and geographical and historical factors. Naturally,

the culture is impacted by the scientific knowledge and technology it generates.

The item #7 of the NOS questionnaire assessed respondents' views of social

and cultural influences on the generation of scientific knowledge. Participants

were asked to justify their choices on the two positions "science is infused with

socio-cultural values" or "science is universal." Seventeen of them (40%) claimed

that science transcends national and cultural boundaries. They presented this view

in two different ways. First, a larger majority (3 3%) of these participants believed

that scientific facts can be applied everywhere around the world and its outcomes

should not be influenced by any social and cultural factors. Apparently, they did

not reflect on any historical events regarding the development of scientific

knowledge, and many of them continued with an absolutist contention about

science:

Science should be universal because it contains objective components.
Experimental findings can be applied anywhere in the world. That is,
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no matter where you carry out the experiment, once the conditions are
controlled, the results won't change. For example, weather forecasting
systems and architectural engineering are commonly used all over the
world. (M27, NOSQ)

Science is universal. Those scientific theories and laws that we are
learning in school are the same no matter which country we live in. For
example, the perfect gas formula PV=nRT we learned in this country is
the same as that being taught in the United States. (S2 1, NOSQ)

Second, three participants (7%) seemed to advocate the idea of a "global village"

and the need for international cooperation. In their views, science serves as a

unified "language" in which people communicate their interpretations of natural

phenomena:

I believe science is universal. Many scientific research projects need
international cooperation in which scientists discuss and share results
with each other. (S7, NOSQ)

Science is global. If science changed with different places, it would
become difficult for people in this world to communicate with others.
Science is like a language that sometimes needs to be unified; otherwise,
scientists cannot discuss things together. (S8, NOSQ)

These participants seemed to address the importance of communication in scientific

inquiry, but they did not further recognize that the rules established within the

scientific community are essentially affected by the external factors of the culture at

large.

Ten students (23%) tended to accept both positions, with a view that a

scientific concept might be based on different ideas that might involve people's

social and cultural beliefs; but that the concept, in turn, develops into universal

knowledge after being proposed to and accepted by the community. They also

mentioned that the accelerated exchanging of information in this modern age makes

globalization possible for science and even other domains of knowledge:
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Science is infused with social and cultural values, but science is also
universal. It is because knowledge about society, politics, philosophy,
and culture are also universal. People are exchanging information all the
time. (S20, NOSQ)

People's ideas could be influenced by their cultural backgrounds.
However, the ideas after being proposed and tested by people around
the world would become universal. For example, ideas of the solar
system [cosmology] differed for ancient people in different countries.
Now everyone knows the earth is round. (Sli, NOSQ-.interview)

Many of these participants' responses also indicated that they tended to believe

that human demands cause the development of scientific knowledge. Some

noted that people might derive ideas about certain phenomenon and its

regularity from local observations because of societal necessity, but they still

attempt to advertise their findings or products to other places in the world:

At the initial stage, scientific investigations serve to study something
related to this society. But scientists usually want to apply their research
results to everywhere. I think scientific knowledge should not be based
only on a local idea. (M14, NOSQ-interview)

However, responses discussed above indicated that these participants did not

recognize that different cultures and belief systems could impact the use of

scientific knowledge, as well as the way scientific investigations are conducted.

On the other hand, the notion of globalization seemed rooted in these

participants' notions about science and human civilization.

A pragmatic perspective on the scientific enterprise was also manifested in

the responses of some participants (23%) who indicated that they believed science

embedded with values. While speaking about relationships between science and

society, these participants suggested that science, as well as technology, aims to

improve the quality of human life so that its development is influenced by personal

and societal demands:
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Advances in science are due to people's desires in which social, cultural,
and political values come into play. The development of scientific
knowledge and its outcomes are restricted to or impacted by people's
knowledge and subjectivity, that is, philosophy and intellectual norms of
their culture. (S 13, NOSQ)

Some emphasized that funding for science, economic concerns, and political

contexts influence the kind of science that is done. Examples given by these

participants often included weapons, spacecrafts, and computer technologies.

Typical responses are as follows:

Science is more or less influenced by social and cultural factors. Trends
in science are determined by social values and cultural knowledge.
Scientific investigations are controlled by the economic contexts in which
they are conducted. If there were no funding and no equipment, research
of spaceships would stop. (M15, NOSQ)

The development of science should improve human lives. Therefore,
societal demands directly or indirectly drive scientific investigations.
For example, computers make life more convenient. The invention of
computers required knowledge in mathematics, chemistry, and physics.
Both basic and applied sciences are related to social and cultural factors.
(M26, NOSQ)

Six other respondents (14%) discussed the social and cultural embeddedness

of science in terms of history of science, gender differences, and current scientific

debates. Three cited historical episodes to address their views. The following

excerpt also contains an example of recent debate in biological science:

I believe that science is infused with social and cultural values. For
example, Copernicus was persecuted because his heliocentric ideas of the
solar system conflicted with the religious beliefs at that time. The cloning
of human embryos is another controversy in the modern biology. Its
outcome might have enormous impacts on some ethical and religious
issues. (M21, NOSQ)

Two students spoke of the differences between science's development in ancient

China and European countries:
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Although science is intended to be universal, the development and
implementation of scientific knowledge are closely related to social and
cultural values. For example, scientific achievements had existed in
China and the European countries in the Middle Ages. However, science
is continuously developed in Europe, while science in China did not
progress as rapidly. (S 19, NOSQ)

Generally speaking, about 37% of the respondents provided an adequate

understanding of the cultural and societal influences on the production and

interpretation of scientific knowledge, even though some of them described this

view from a practical perspective.

Is Chinese Medicine Scientific?

Item #8 on the NOS questionnaire used Chinese medicine as an issue to elicit

Chinese-speaking respondents' views on what can be considered "scientific." An

attempt was to examine any inconsistencies occurring between participants'

definitions of science and their comments on Chinese medicine. Inconsistency in

such an area might be used to evaluate their cultural beliefs about science. In

addition, particular attention was paid to whether or not the participants were aware

that a medical knowledge system is integral to the larger context of social-cultural

objectives.

When asked to make decisions about which kind of medicine, Chinese or

Western, they would choose to cure chronic diseases, 13 participants (30%)

selected Western medicine. Eight of them (19%) tended to agree with the

statement: "Chinese medicine is not scientific." For these participants, the term

"scientific" is considered equivalent to "empirically based," which ensures the

credibility of a medical system. They believed that Western medicine, with the

assistance of modern technology and scientific methods, produces more visible

evidence for diagnosis, and shows greater efficiency in treating diseases. In

response to the first item on the NOS questionnaire, these students suggested

absolutist or empiricist accounts for the development of scientific knowledge.
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With such a definition of science, these participants did not suppose Chinese

medicine to possess scientific components. Indeed, some of them held fairly

negative attitudes toward Chinese medicine:

Western medicine emphasizes logic and scientific evidence, while
Chinese medicine is presented in a way that science is unable to explain.
Acupuncture is more like witchery and most people don't really know
how it works. As I know, Chinese medical knowledge is based on
1-Ching [The Book of Change], which is even inaccessible and
unknowable to people. Basically, I agree that Chinese medicine is
non-scientific. (M6, NOSQ)

Western medicine is more scientific and efficient. Some symptoms may
not be improved by using Chinese medicine. If your symptom requires an
operation, then you should go for it. You should not take Chinese
medicine, waiting for a miracle. (M15, NOSQ)

The other five participants who chose Western medicine were inclined to

consider Chinese medicine as proto-science, which accords with the scientific

methods but has yet to be properly tested. They preferred Western medicine due

to their confidence in the advancement of medical apparatuses and care systems

provided by Western medicine. On the other hand, they noted that Chinese

medical knowledge comprises a great accumulation of ancient experiences and has

been modernized with efforts to seek scientific facts:

I prefer Western medicine. I think Chinese medicine is one type of
science, but its development does not fit into the standards of modern
science. Science emphasizes experimentation, quantification, and
objectivity. This is why some argue that Chinese medicine is not
scientific. However, many Chinese medical treatments have recently been
verified to be effective with many clinical experiments and chemical
analyses. (S25, NOSQ)

About 44% of the respondents selected both Chinese and Western medicines.

Only two of them agreed with the statement, yet they tended to claim that the

clinical effectiveness of Chinese medicine could provide contributions in some
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fields for scientific research. Ten other participants were reluctant to adopt the

position that claims that Chinese medicine is not scientific, but they tended to

believe that Chinese medicine lacks experimental supports:

I don't believe Chinese medicine is non-scientific. If you said so, then
those precious medical writings would have no value and would not be
preserved and no one would practice the Chinese medical approach.
However, Chinese medical treatments sometimes are not very clear-cut.
The value of today's Chinese medicine has been established with a vast
amount of scientific experiments. (M13, NOSQ)

Their responses also demonstrated that they feel that to claim something is

"nonscientific" characterizes it as ineffective and traditional. This reflects that,

for people in Chinese and Taiwanese society, the term "science" becomes a

synonym for "modem" or "civilized" (Unschuld, 1985).

Similar to those who view Chinese medicine as a proto-science, seven of

these participants (16%) justified choosing both medicines because Chinese

medicine has some scientific components. To them, the approaches recorded in

the classical Chinese medical texts were acknowledged to be scientific because

they follow the given procedure conducting experiments and observing reactions;

the accumulation of human experiences was considered to be essential in science as

well. The following interview excerpt is a typical response.

Unlike Western medicine, Chinese medical studies did not conduct
biomedical analyses. However, Chinese medical knowledge was
established through a lot of clinical experimentations in testing and
predicting the effectiveness of drugs. It is not totally without empirical
evidence. As to the diagnosis approaches for Chinese and Western
medicines, Western physicians use technologies while Chinese doctors
often refer their judgments to experiences, which can be considered as a
type of statistical evidence. They use different terminology but come up
with the same resolution to cure disease. (M27, NOSQ-interview)

A total of 11 participants (26%) wrote that they would choose Chinese

medicine. Participants who selected Chinese medicine seemed to be attracted to
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the idea that the body has the potential to cure its own diseases if it is maintained in

a "balanced state." However, it is important to note that public health information

in Taiwan advocates the belief that Chinese medicine is an alternative approach,

more effective on chronic diseases than Western medicine. Chronic disease was

given as the supposition of this question item. Owing to the phrasing of the

question, it would be unseemly to imply that these participants would never favor

Western medicine. The researcher was not concerned with which type of

medicine the participants preferred but with their impression about these two types

of medicine.

Without any exceptions, all participants disagreed with the statement that

Chinese medicine is non-scientific. Two of them believed that "scientification"

helps promote Chinese medicine. Apparently, they did not recognize profound

differences in approaches and knowledge grounds between these two medical

systems. Like the other participants above, they emphasized empiricist notion of

scientific knowledge. While the others defended their choices by saying that

Chinese medicine has experimental history, only six participants (14%) discussed

philosophical and cultural differences inherent to these two medical knowledge

systems. They tended to insist that Chinese medicine should not be judged

according to western scientific standards:

Chinese medical knowledge does not focus on the causal-effect
relationship between the structure of certain medicines and their healing
effectiveness. Its effectiveness is usually determined by the accumulation
of clinical experiences. Western medicine seems to be more efficient
because its knowledge contains some components, such as chemical
formulas, to help physicians make judgments. Chinese medicine should
be considered scientific because it also follows the procedures
questioning, experimenting, and concluding the results. However,
Chinese medicine did not adopt Western scientific approaches, such as
analyzing structures of elements, atoms, or studying chemical reactions.
Chinese medicine is a Chinese type of science. (S22, NOSQ)

In my opinion, western philosophy tends to quantify and separate each
part of the human body. It seems to me that Western medicine diagnoses
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organs instead of the human body as a whole. Eastern philosophy
emphasizes balance inside of the human body and harmony with the
external environment so that people use natural methods or objects to
maintain their health. Western and Chinese medicines use different ways
of explaining things. As to the criticism that Chinese medicine is not
scientific, it is because Chinese medical knowledge might not be
verifiable by using Western scientific methods. For chronic diseases, I
would probably choose Chinese medicine. (S 18, NOSQ)

Based on the discussion above, participants' images about traditional Chinese

medicine in terms of a scientific paradigm can be summarized as follows: (1)

Chinese medicine is non-scientific (23%); (2) Chinese medicine is proto-science,

which is in accordance with the accepted scientific methods, but pending more

evidence and theoretical underpinning, and the "scientification" of Chinese

medicine is to accumulate empirical evidence (56%); and (3) Chinese medicine is

based on a knowledge system incomparable with Western medicine (14%).

Authoritarianism versus Skepticism in Science

The last item of the NOS questionnaire was used to examine participants'

beliefs about the validity of some scientific claims made by scientists of different

ages. Twelve respondents (28%) tended to suggest that older scientists'

statements on a certain scientific issue would be more credible than those made by

younger scientists. Without any exceptions, these students counted having more

experiences as the most important attribute of elder scientists. Some contended

that young scientists might have creative ideas but might not be reliable:

The ideas raised by young scientists could be creative and attractive.
Elder scientists usually draw ideas from their profound experiences.
Their ideas are more faultless. (S15, NOSQ)

Young scientists might have more innovative opinions because their
training is newer. They tend to create something different. Because only a
few others are doing the same studies, their opinions might not be
accurate. (M22, NOSQ-interview)
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Only five participants (12%) decided to accept younger scientists' standpoints

regardless of the issue. They valued creativity as the best trait for younger

scientists, and criticized elder scientists' ideas for being conservative and

out-of-date. To these participants, experiences were viewed as a hindrance to

scientific breakthroughs:

The elder scientist, though having ample experiences, might be biased or
impose too many subjective opinions on the data he is studying.
Adversely, the young scientist could be much more open to new
information and often have creative ideas. The young scientist's ideas
might be more suitable for explaining environmental issues in the present
time. (M14, NOSQ-interview)

Interestingly, over half of the respondents (5 8%) tended not to make a choice

between either one of the two scientists, stating that it depends on the scientific

conclusion each scientist presents. Six of them ascribed elder scientists as being

knowledgeable and younger scientists being creative. However, with the concern

that both scientists' opinions could be valuable to the issue, they were reluctant to

make any decision based merely on the age of the scientist. It is interesting to

note that participants seemed to hold certain stereotypic views about age that

"old" means "knowledgeable" while "young" means "creative." Many

participants' responses indicate a common assumption that knowledge

accumulation and creativity are incompatible in the development of scientific

knowledge.

On the other hand, 19 of these participants (44%) indicated the need to

review scientists' research approaches and evidence prior to accepting their

arguments on the issue. Their responses showed a shift away from

authoritarianism. More impressively, they were inclined to seek scientific

conclusions that suit their values, premises, or beliefs:
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In science, age does not matter. I would accept the view only if it is
reasonable and backed up with reliable evidence. (S20, NOSQ)

I would analyze the differences between the two scientists' views to see
how they approach the problem. I would likely accept the idea that fits
into my understanding about the issue. (M7, NOSQ)

I am open to both views and have no inclination about the age. The elder
scientist, though having a lot of experience, could also make mistakes.
Young scientists could have creative but unfeasible ideas. I would
compare and contrast their claims and accept the one with which I agree.
Perhaps I would not accept either one of them, but give my own idea.
(S25, NOSQ)

This last quote demonstrates that many of these students began to ponder the

supposed issue rather than merely to accept the scientist's supposed attribute as

their sole decision-making criterion.

Summary

Table 7 presents the major categories that emerged from participants' views

on each aspect of the NOS and the percentages of responses under the categories.

This summary provides an overview of participants' understandings of the NOS.

It is evident that almost all students in this study provided inadequate descriptions

of the relationship between scientific theories and laws. Textbook analyses

indicated that the participants' misconceptions of scientific laws and theories were

the result of their secondary science education.

The majority of participants (87%) did not demonstrate adequate

understandings about the empirical basis in the development of scientific

knowledge. A few of them viewed science as equivalent to technology. The

others believed that scientific knowledge should be proven true based on objective

observations or experimental evidence. The notion of experimental orientation in

science was apparent in participants' discussions about what can be called

scientific. Regardless of different medical treatment preferences, the majority of
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Table 7: Category and Frequency of Responses Regarding NOS Aspects

NOS Aspect Code Major Category Frequency*

Empirical basis Naïve
N.l Science as technology 14%
N.2 Science as a pursuit of truth 28%
N.3 Empiricist view 39%

Informed
I Science as a human endeavor 12%

Inferential Naïve
nature N. I Scientists can see the atom 5%

N.2 Atomic model is proven 28%
N.3 Faith in scientists 16%
N.4 No critique about textbook knowledge 7%

Informed
I Atomic structure is determined by indirect 40%

evidence

Tentativeness Naïve
N. 1 Theories change solely with accumulation 23%

of information and advanced technology
N.2 Scientific theory is an idea 28%
N.3 Everything changes 26%

Informed
I New ideas/anomalies cause change 23%

Scientific Naïve
theories! laws N. 1 Inadequate definition for theories 12%

N.2 Theory as unproven hypothesis 12%
N.3 Explicitly express hierarchical relationship 19%
N Laws are more certain than theories 95%

Human Naïve
creativity! N. 1 Plaiming and design stage only 40%
imagination N.2 Design and interpretation stages 19%

N.3 All stages, but limited to hypothesis testing 14%
Informed

1.1 All stages 14%
1.2 Emphasis on data interpretation stage 9%

*percentages shown in the colun-m do not necessarily add up to 100%
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Table 7: Category and Frequency of Responses Regarding NOS Aspects (cont.)

NOS Aspect Code Major Category Frequency*

Subjectivity Naïve
N.1 Lack of powerful evidence 30%
N.2 Need to reach consensus among scientists 12%
N.3 Limitation of human ability 12%
N.4 Scientists' egos behind the controversy 7%

Informed
I Subjective factors influence data 37%

interpretation

Social/cultural Naïve
influences N. 1 Universal scientific facts applied 30%

everywhere
N.2 Universal global village 7%
N.3 Accept both statements, but emphasize 23%

universal use of scientific knowledge
Informed

1.1 Value embedded pragmatic view 23%
1.2 Value embedded historical episodes 14%

*percentages shown in the column do not necessarily add up to 100%

participants (63%) attributed Chinese medicine with the lack of experimental

evidence. In addition, the scientific method, a step-bystep procedure used for

scientific investigations, was manifested in many participants' responses

concerning the definition of science (as hypothesis testing), creativity in scientific

investigation, and the relationship between scientific theories and laws. Only

12% of participants explicitly noted that science is a human endeavor to explain the

world and its phenomena. Similarly, while comparing Chinese and Western

medicines, only six students (14%) recognized the philosophical and cultural

differences inherent to the two medical knowledge systems.

More participants provided informed views on the subjective and

socio-culturally embedded nature of scientific knowledge; each accounted for 37%.

These students were able to identify that scientists' prior knowledge, theoretical

presuppositions, or personal beliefs might affect their interpretations of the data.
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Those (6 1%) who held naïve views on the subjective nature of science were more

likely to attribute the cosmology controversy to the scarcity of evidence, even

though they claimed that scientists have different viewpoints or ways of analyzing

data. While discussing social and cultural embeddedness in science, participants

who held more informed views either indicated science as being value-embedded

from a pragmatic perspective, or used historical episodes and socio-scientific issues

to address the relationship between science and societal expectations. The other

participants (60%), on the contrary, viewed scientific knowledge as universal and

failed to recognize that different belief systems could influence the use of scientific

knowledge and the way scientific investigations are conducted.

All of the participants indicated that theories do change. However, the

majority of them (7 7%) ascribed theory change solely to new information and

technologies. Many also believed that theories are tentative due to insufficient

evidence for proving their validity. Only 23% of the participants stated that

theories change either with different ways of looking at existing evidence or when

anomalous data are found. The analysis of participants' responses regarding the

explanatory function of theories showed that 42% of them acknowledged that

scientific theories are the best explanations of natural phenomena at the present

time.

Again, almost all participants indicated that creativity and imagination are

needed in the development of scientific knowledge. However, participants put

different emphases on the stages of investigation. About 40% of participants

assigned creativity and imagination only to the planning stage. About 19%

emphasized the use of creativity in generating ideas and scrutinizing inconsistent

results, and indicated that data should be collected as objectively as possible. The

other 28% of participants believed that imagination and creativity permeate all

stages of scientific investigation. Yet, only six of them (14%) were able to

describe creativity and imagination in terms of the invention of explanations.

Another 9% of the participants particularly emphasized the use of creativity and
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imagination in the data interpretation stage, where scientists need inspiration for

generating inferences and explanations from the data.

When stressing the importance of creativity and imagination, many

participants further emphasized the value of experience or knowledge for scientists.

About 28% of preservice teachers in this study tended to accept elder scientists'

arguments on an environmental issue. They considered accumulation of

experiences (knowledge) to be more important than creativity. On the other hand,

12% of participants were swayed more by creativity and chose younger scientists'

ideas. These participants viewed experience and creativity as opposite

attributions for scientists. However, about 44% of participants showed a shift

away from authoritarianism, on the basis of their responses to item #9 on the NOS

questionnaire. These students critically asked for a scientific conclusion that has

valid evidence and fits into their premises or values.

An examination of individual understandings of NOS aspects (see raw data in

Appendix H) showed that oniy nine participants (21%) held adequate

understandings of at least three aspects of the NOS. Of these participants, eight

were science education majors. Another nine participants provided naïve views

on all seven aspects of NOS. Seven of them were mathematics education majors.

By comparison, participants recruited from the science education department

generally outperformed their mathematics education counterparts with the

understandings on the empirical, tentative, creative, and subjective nature of

scientific knowledge.

Searching for Patterns Between Worldviews and NOS Conceptions

The two previous sections examined participants' worldviews based on the

logico-structural model and their understandings of seven defined aspects of the

NOS. An additional attempt of the present study was to explore whether there is

any interrelationship between woridviews and NOS conceptions held by this group
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of preservice teachers. Therefore, this section is dedicated to searching for

patterns within these emergent categories. It needs to be emphasized that any

interrelationship found between woridviews and NOS conceptions may not

necessarily lead to a cause-effect inference. However, as an exploratory study, the

pattern seeking in this investigation could be instructive because it may serve as the

basis for more in-depth research.

Several categories generated from the worldview data characterized

participants' views in four domains, including the human-nature relationship, time

orientation, classification, and causal thinking. Since the assessment and analysis

of woridviews are still in developmental stages, the categorization is quite complex

in attempts to describe participants' responses in detail. In order to achieve a

meaningful and logical analysis of woridviews and NOS understandings, the

categories were intentionally simplified. The list of woridview categories used in

this analysis can be found in Appendix J, where the codes are briefly illustrated.

Participants' understandings of the seven NOS aspects were examined for

consistency with the contemporary NOS conceptions. Although the analysis was

not intended to label participants' views, category generation was inevitably driven

by the predetermined criteria. Thus, participants' responses were generally

divided into two major categories "informed" and "naïve." A summary of

categories regarding participants' views of NOS can be found in Table 7.

According to the discussion in the previous section, all the participants held naïve

understandings about the relationship between scientific theories and laws.

Consequently, having adequate views on three of the remaining six NOS

characteristics were considered to be desirable. It should be recognized, however,

that the cut-off number of "three aspects" of the NOS was arbitrary and somewhat

liberal. But, for the sake of comparison, the use of this cut-off number of "three

aspects" produces a sufficient sub-sample.

Systematic analyses were conducted first by looking at the worldviews of

participants who held informed NOS understandings, and secondly by scrutinizing
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woridviews of those who had naïve views on all NOS aspects. Each group

included nine participants. In addition to the quantitative and statistical

examination of the data, analysis of the selected interviewees' narratives may

provide more insight into individual variations in terms of their NOS conceptions

and woridviews.

Woridviews of Participants with Informed NOS Understandings

Among nine participants who held more informed NOS understandings, only

two had comprehensive understandings on all aspects of NOS except the function

of scientific theories and laws (see Appendix H). A noticeable pattern found with

woridview domains was that six of these nine participants held a moderate view of

human-nature relationship (X2, p= .02) and their responses regarding the human

relationship with Nature were classified into the "Obey" or "Coexist-Moderate"

category. The other three held a more pragmatist view while emphasizing

harmony relationship with Nature.

It is noteworthy that whether an individual participant's views are compatible

with current NOS conceptions was determined by an aspect-by-aspect evaluation.

These nine students had diverse NOS understandings, but in general performed

better on the inferential, tentative, and subjective nature of science. A closer

examination of participants' views of Self in the worldview assessment indicated

that six of these nine participants had mentioned the limitedness and uncertainty of

human knowledge, and such views seemed to be manifest in their conceptions on

the inferential and tentative nature of science. By a broader comparison of all

respondents' views, a similar trend was revealed that 11 out of 18 participants who

noted the limited and uncertain nature of human knowledge expressed adequate

views regarding the inferential aspect of science (X2, p .02).

Another interesting pattern occurred in the time orientation of these nine

participants. Three of them chose the past as more important than the other time
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future, while the remaining four chose the present. Table 8 displays all

participants' time orientations in relation to their conceptions of the NOS.

Table 8: Understandings of NOS by Time Orientation

Time Orientation

NOS understandings Past Present Future
Informed views on at least three aspects 3 4 2

Informed views on less than three aspects 0 24 5

Total

p= .004

3 28 7
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As to the classification domain of woridview, six of these nine participants

classified things based on personal values and experiences. Two of them tended

to adopt impersonal classification approaches and placed human beings into one of

the categories. One other student hesitated to construct any categorization by

questioning the purpose of the task. The participants who withdrew from the

study at the NOS data collection stage causes a problem for analysis of this

woridview dimension because the withdrawal rate for those who placed humans

"inside" the classification system was greatly higher than that of participants who

placed humans "outside" of the classification system (7 of 19 versus 2 of 28).

This might make the comparison between worldview classification domain and

NOS understandings seem invalid, but, fortunately, such a prominent difference

among the dropout participants was only found in this worldview domain.

With regard to the pattern that appeared between causal thinking and NOS

understandings, three of the nine participants considered showing evidence by

demonstrating some tests, while the others merely gave scientific explanations as a

sufficient proof. In addition, six of them selected the scientifically less

compatible explanation to the TOPE (Test of Preferred Explanation) on the

worldview questionnaire, while only three chose the more compatible one. This
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unexpected incoherency needs to be clarified by further investigation of the

individual variations between participants' NOS and woridview responses as will

be reported later.

Woridviews of Participants with Naïve NOS Understandings

A total of nine respondents held naïve views on all aspects of NOS. Three of

them had no comments or provided little more than equivocal explanations (e.g.,

"because of different opinions") in response to at least one NOS question item.

Seven of these nine participants who held naïve NOS views tended to convey an

anthropocentric perspective regarding the human relationships with Nature; five

respondents were categorized in the "Coexist-Pragmatic" type, and two were in the

"Protect" category. The other two participants' responses in this regard were

overly brief and difficult to categorize.

These participants expressed inadequate NOS conceptions in various forms

(referred to Appendix H). The most common beliefs held by these participants

included science as a pursuit of absolute "truth," creativity solely used in the

planning stage of scientific investigation, and scientific knowledge as universal.

However, a closer examination of their views of Self and descriptions about Nature

in the human-nature relationship domain of these woridviews did not reveal any

noticeable pattern. Some of these participants seemed to have fragmented or

sometimes inconsistent views regarding the locus of Self and humanity's

relationship with Nature. In many cases, they provided very limited information

in answering the worldview questions.

Regarding the concept of time, eight of these nine participants chose the

present when only one preferred the future. They were more likely to justify their

choices by claiming that these time areas are controllable and realistic. As

mentioned earlier, the feature of dropout responses may affect subsequent

interpretations of the classification worldview dimension. In addition, the
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patterns revealed from these participants' responses were similar to that of the

participants with informed views.

Almost all of these participants had a tendency toward authoritarianism when

answering the morning haze cluestion on the woridview questionnaire. Four of

them were inclined to ask for authoritative sources of information, and the other

four gave some explanations but lacked elaborations, whereas one did not answer

the question. In response to the TOPE item, five selected the scientifically more

compatible explanation, yet their justifications were rather superficial and they

made little attempts to emphasize this explanation's empirical foundation. Three

chose the A answer, the scientifically less compatible one, while one insisted that

both explanations could apply.

Case Report

From the above discussions, investigating individual interviewee's narratives

might generate more fruitful interpretations regarding the relationship between

NOS conceptions and woridviews. In this section, the 14 selected interviewees'

NOS understandings and woridview categories are reported as separate cases.

They are organized in terms of the level of NOS understandings: informed on at

least three aspects, naïve throughout all aspects, and transitional views with only

one or two adequate NOS conceptions.

Worldviews of interviewees with at least three informed NOS views. A total

of five participants having at least three informed NOS conceptions were

interviewed, including four science education majors and one mathematics

education student. The identification number for each interviewee is provided.

Relevant information could be refelTed to Appendices F, H, I, and J by using the

identification numbers.
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Sb

Si 0 held comprehensive understandings on all aspects of the NOS except the

relationship between scientific theories and laws. He was able to provide

adequate examples for theories and laws and recognized that scientific theories are

explanations of the phenomena with well-supported evidence. When asked how

scientific laws are established, he referred to the diagram in the science textbooks

and asserted the existence of a hierarchical relationship between theories and laws.

However, he believed that laws could change with different space and time.

Two components related to science epistemology seemed to be revealed in

S 10's responses regarding how humans study the natural world. First, he

indicated the degree of indeterminateness within Nature by discussing the

obj ectlsubj ect interaction:

Each object could be described with diverse perspectives depending on
which dimension of the object is presented to people and/or different
emphases on the observations people make for the interpretations of the
object. (WQ-interview)

This view was followed by his descriptions of the characteristics of science while

responding to the NOS questionnaire. He noted that science attempts to be

objective and that objectivity in science should be considered as an "attitude,"

which every scientist should assume in order to seek solid empirical supports for

his/her claims. He also believed that descriptions of observable events should be

objectified according to the consensus of the scientific community. In other

words, SI 0 acknowledged the subjective components in science, but rejected the

idea that science is totally subjective.

The second component is related to the involvement of human creativity and

imagination in scientific explorations. In response to the woridview questionnaire,

SlO had used Newton as an example to address the importance of human

imagination in knowing the world. He assigned imagination to a role of helping

humans find interpretations of reality:
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Our imaginations could suddenly touch a point that happens to match the
reality. I'd like to use Newton as an example. When observing an apple
falling from a tree, Newton began to think of the law of gravitation.
Before him, no one had ever analyzed the phenomena and proposed an
explanation. (WQ-interv jew)

In his view, the development of science definitely enhances humans' knowledge

about the natural world. Still, he believed that Nature is infinite so that what we

know is limited and uncertainty must be involved.

Si 0 chose the future as more important than the other time areas because the

past and present is either determined or controllable but the future is full of

uncertainty. He reflected that the future is threatening, difficult to predict, but

always leaves room for imagination. As evidenced in his responses to the

classification and causal thinking items on the woridview questionnaire and the

cultural-specific NOS items, S 10 demonstrated critical and reflective thinking

skills. He did not answer the classification item, but instead questioned the

purpose of the task. He suggested building up a strong theoretical foundation to

explain the cause of the morning haze with supporting data or evidence.

Furthermore, he preferred the scientifically more acceptable explanation and

criticized the other explanation for lacking empirical evidence. His views showed

a shift away from the authoritarian approach to scientific research. When asked

about Western and Chinese medicines, Sb was able to contemplate the historical

and cultural milieu in which each medical system was developed, though he

confessed that he had limited understandings about Chinese medical knowledge.

He chose to remain open-minded to different knowledge systems and medical

treatments.

Sb is a Christian, but as he claimed, he did not formally accept this religious

belief until he was 18 years old. He realized that his religious belief had changed

his view about the origin of the universe as he came to believe that God created the

world. In high school, he was interested in physical science and took only the
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minimum biology requirements. At the college level, he became more interested

in psychology and was taking many psychology courses in addition to the science

education departmental requirements. During an informal interview, Si 0 told the

researcher that he would study psychology as his graduate major rather than natural

science related subjects.

II
Si 8 had adequate conceptions on all NOS aspects with the exclusion of the

relationship between scientific theories and laws. His views regarding the

development of scientific laws reflected the misconceptions mediated through his

grade school textbooks. He recited that scientific laws are formulated through a

progression of steps that constitute the scientific method. All the examples he

provided were related to physical science alone. "Scientific laws," he claimed,

"are developed in an attempt to describe the orders in the natural world, yet they

usually function under ideal conditions, where ideal is not the reality"

(NOSQ-interview). His beliefs about the scientific enterprise seemed to be that

science has conventionally been depicted as part of the human attempt to control

and study the world a view that does not fit with his sociological perspective in

interpreting science. Evidently, he did not hold any absolutist views regarding the

development of scientific knowledge even though he considered scientific laws are

proven theories.

Si 8's knowledge about the tentative nature of science and the distinction

between observation and inference was previously shown in his discussions of how

humans study about Nature.

By the time we are able to break things apart, we will find that what we
have known as truth is not true at all. For example, in the past, people
believed that the atom was the smallest unit, but now the finding of
quarks changes this concept... We try to find order in Nature and explain
it in an ideal situation. But the ideal is not the fact. What we have found
is not the natural order but only the human constructed reality. We are
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using those constructs and laws to explain the natural world and we
believe that the world follows the orders that we have observed and
explained. (WQ-interview)

His narratives regarding science and conceptions of Nature have been quoted

frequently in the previous sections partly because he provided comprehensive

information to discuss every topic. Recall that he had expressed his concept of

Heisenberg's principle of uncertainty both in worldview and NOS interviews.

Si 8's responses to both questionnaires indicated that he had a fairly strong

knowledge background in the physical sciences. However, as he claimed, he was

more fond of the "humanistic" than the "scientific" perspective of the world.

Si 8 emphasized a harmony relationship between humans and Nature, citing

Taoist concepts, yet he did not affiliate himself with any religion. This Taoist

perspective also manifested itself in his analysis of Chinese medical knowledge.

He cautioned that we humans should be aware of the myth of science and further

critiqued the reductionism in interpreting natural phenomena. Similar criticism

was again directed toward the validity of using western scientific approaches to

study Chinese medicine. He spoke favorably for Chinese medicine and chose it

as preferable care for chronic diseases.

Regarding the concept of time, Si 8 stated that the present is the most

important because in it one could implement personal goals and determine his/her

future through his/her own efforts. However, his responses regarding the fate of

Nature, which is subject to life cycle, essentially demonstrated an orientation to the

past, as he emphasized the idea that Nature might not return to its original state

after being destroyed. His classification system included categories in terms of

the natural environment and human society. While approaching the classification

task, Si 8 placed the most emphases on the societal and cultural elements and was

one of nine participants who drew a multifaceted classification system.

Si 8 suggested manipulating some tests to demonstrate the possible cause of

morning haze when answering the fourth item on the worldview questionnaire.
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This tendency to veer away authoritarian knowledge was also exhibited in his

response to the question regarding the elder and younger scientists' claims.

Meanwhile, he tended to select the scientifically less compatible explanation and

use evolutionary concepts to endorse his ideas. He believed that sensing danger

should have been an innate human ability since humans were animals at the outset.

Next, he continued to criticize the conjecture of the B explanation by questioning

its reductionistic nature. Overall, Si 8's arguments indicated that he strongly

embraced a holistic and indeterminist stance.

Si 8 has a serious personality and often speaks philosophically. During the

interviews, he talked at length and was pretty confident about his knowledge. He

appeared to have good critical thinking skills and was able to defend his arguments

by giving suitable examples.

Si3

S13 held adequate understandings on five NOS aspects, including empirical

basis, inferential entities, tentativeness, subjectivity, and social and cultural

inference. Like the other interviewees, Si 3 mentioned the scientific method and

the hierarchical relationship between scientific theories and laws. He explicitly

equated creativity in scientific investigation with resourcefulness, and implicitly

recognized its role in data interpretation.

In comparing science with other disciplines of inquiry, Si3 noted that science

is one, but not the only, approach to reality. This idea was consistent with what

he argued about the limitation of scientific knowledge to explain all phenomena.

The following quote displays a somewhat negative attitude toward science:

People often say that we need to view things through the scientific point
of view. Why use science? It is because science is based upon
observation and we can understand such knowledge. However, many
scientists call those beliefs about unobservable or unknowable
phenomena "superstition." Do those phenomena not exist? Maybe not.
It is only because we have not known them yet. (WQ-interview)
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Clearly, S13 was more likely to regard science as a body of knowledge than a set

of certain methods and processes used to explore the world. In his view, science

was not developed until humans found ways to survive in Nature. He appeared to

believe that science is developed to fulfill humans' desires to exploit the natural

world and its materials, while reflect that humans should learn to adapt themselves

to Nature instead.

During the worldview interview, Si 3 quoted the Taoist classics to express his

view of the human-nature relationship and at the time he was reading Lao Tzu' S

Tao Te Ching (a classical text of Taoism). It was he who first attempted to

distinguish the term tzujen from what was defined as the natural world. He also

claimed that he practices religious Taoism because it is the tradition of his family.

He deemed the past more important than the other time areas because one could

learn lessons from his/her past experiences in order to deal with problems in the

present and future. The value of ancestor worship, he suggested, is to teach

descendants to cherish ancient wisdom.

Even though he placed much emphasis on the experience, S13 did not show a

tendency toward searching for authoritative opinions. When asked to provide an

explanation to the cause of morning haze, he spontaneously thought of giving

evidence and doing some measurements. He was also skeptical about the claims

made by scientists of different ages. However, he preferred the scientifically less

compatible explanation, reasoning that this compelling explanation incorporates

the other one. He further insisted that humans should have the instinct, equivalent

to the so-called sixth sense, to predict danger.

Si 3 used human values (such as good or bad) as classification standards, but

in the interview, he told the researcher that he was in a bad mood, dealing with

some personal problems, so that the classification system merely reflected his

thoughts at the time. This student often spoke of his past learning experiences in

a negative tone, but showed enthusiasm about current reform efforts. He felt a



169

little uncomfortable with the NOS questionnaire because he was afraid of making

mistakes when providing examples. He gave only a few, but proper examples

upon request.

S22

S22 showed adequate understanding of the empirical, inferential, tentative,

and socially/culturally embedded nature of scientific knowledge. He constantly

emphasized subjectivity as an element of science, but he also stated that all ideas

are equally viable because everyone could have different opinions when evidence

is scarce and because science is created as people think it should be. His vision of

subjectivity was revealed in the following narrative in which he talked about

humans' inability to find truths:

We cannot understand all the things in Nature because things change all
the time. We can only know the status quo... Science in fact is very
subjective. You might think what the status quo should be at the
beginning and then work on searching for evidence. It could also depend
on how you define things. Everyone could have different definitions for
everything. (WQ-interview)

Moreover, he frequently discussed the limitedness of the application scientific

knowledge in outer space. Such a relativist concept also showed itself in his view

of the influences drawn about the atomic structure. When speaking about the

function of creativity and imagination in scientific investigation, S22 adhered to an

interpretation of a single scientific method in which creativity is equal to the

ingenuity required to set up an investigation and test a hypothesis.

S22's views of Self and the human-nature relationship, at a glance, was

contradictory. He held an indeterminist perspective while discussing human

knowledge about the world, but came to the conclusion that humans can conquer

Nature owing to their unlimited creativity. In discussing that, he used "brain and

body" as the metaphor to express the relationship between humans and Nature, in
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that the brain is considered to be capable of creating effects on the body but not to

live alone without body. He stressed the point that humans should coexist with

Nature, especially in consideration of the mutual benefits. S22's responses to the

first item on the woridview questionnaire in general can be summarized as having

an anthropocentric view of the human-nature relationship.

S22 's concept of time illustrates his orientation to the past. He noted that

time is not a segment on a line, but a circular succession. He affiliated himself

with a particular type of Taoism I-Kuan-Tao. However, as he claimed, his

religious belief did not heavily influence his views about the world since he had

attended only a few lectures. He was particularly interested in Chinese classical

literature and was one of three participants taking college entrance examinations

with the inclusion of literature and social studies. Indeed, he provided deep

insights into Chinese cultural characteristics and was very reflective when

discussing the philosophical and cultural differences inherent to the Chinese and

Western medical knowledge systems.

In response to the other cultural-specific item on the NOS questionnaire, S22

was inclined to listen to the young scientist even though he realized that age should

not be the only judgment criterion. He was the one who cited Chinese myths to

account for strong morning haze because, when writing the questionnaire, he was

unable to recall any scientific reason to explain the phenomenon. Therefore, he

decided to use a folk story to make the explanation more appealing. Similar to

S13, S22 accepted the scientifically less compatible explanation, stating that the

selected explanation does not conflict with the other one. He continued to

comment that human ability of sensing dangers has been degraded because of

disuse while animals retain their instincts because they use them. He used human

sense ("sensible" vs. "insensible") as the classification criterion.
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Ml 5

With adequate views on the inferential, subjective, and socially/culturally

embedded nature of science, Ml 5's overall NOS conceptions were at an average

level. Her definition of science focused merely on experimentation, with a vision

that experiments aim to prove hypotheses. She stated that scientific laws are

absolute whereas theories are equivalent to hypotheses, pending more evidence.

Then she argued that creativity and imagination should be used more in the

conjecture stage of scientific investigation and less in the stage of generating

interpretation. As for the inferential nature of science, she recognized the

relevance of indirect evidence and inference to arriving at conclusions about the

atomic structure, but in the meantime, she expressed a faith in scientists' certainty

about what an atom looks like. She noted that different scientists could place

disproportionate emphases on the same data to come up with different conclusions.

Her understanding of social and cultural embeddedness was pragmatic. Between

two medical treatments, she preferred Western medicine for its empirical nature.

She chose the young scientist's opinion, supposing that young means modem and

creative.

When speaking of Nature, MiS realized the limitation of current knowledge

about the natural world and believed that Nature is infinite. However, she also

agreed that in the future man will be able to conquer Nature by uncovering all

answers to the mysteries. On the other hand, she seemed to make a claim that

only scientists have the motivation and expertise to discover the environment,

while laypersons are simply concerned with living, less interested in knowing

things about the natural world. This claim was relevant to one of her comments

on the social and cultural influences in science:

I feel that scientific research needs abundant funding. Some countries,
like the United States, invest a lot of money for the scientists to do
scientific investigations. It is likely that people in these countries think
studying the universe or things in the natural world is very important.
(NOSQ-interview)
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Moreover, Ml 5 spoke of human reliance on the existence of the natural world, yet

she had difficulty elaborating upon her line of thought regarding this relationship.

Her overall view on the Relationship domain was characterized into the "Coexist-

Pragmatic" category, toward the anthropocentric side of the continuum.

Ml 5's concept of time was oriented to the present, during which the past

experiences are also believed to be important. Her justification of choosing the

present was because it is real. She applied the criterion of "living vs. nonliving"

to construct the classification system and assigned human beings to the category

with other animals.

When asked about the cause of strong morning haze, she stated that she was

unfamiliar with the information that can be used to explain it. She offered a guess,

but explain that she would prefer to seek an answer in a scientific reference. Her

preferred explanation for the TOPE item was the scientifically more compatible

one. When asked to justify the choice, however, she made no reference to the

empirical potential of the explanation; instead, she took the explanation as a fact

that she had seen on television. In general, her views elicited by the two

causality items showed a tendency toward authoritarianism, as she sought to

obtain correct answers from authoritative sources, such as public media and

reliable texts.

In summary, these five interviewees all have adequate understandings of the

distinction between observation and inference and the social and cultural

embeddedness of the nature of science. For the interviewees SlO, S13, and S18, a

moderate perspective on the human-nature relationship was evident in their

narratives. They all emphasized the limitedness and uncertainty of current

knowledge about the natural world, and showed less authoritarian views in

reasoning. S22 overly stressed a relativist view of human knowledge about the

world, a view which was also manifested in his responses to NOS questions
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regarding subjectivity. Si 3, Si 8, and S22 had cited the Taoist notion to express

the human-nature relationship. Ml 5 discussed the limitation of knowiedge about

Nature, but seemed to stress the applied aspect of the human-nature relationship.

Only Ml 5 showed an inclination to authoritarianism. On the time orientation,

Si3 and S22 explicitly emphasize the importance of past experiences. S18 and

Mi 5, while choosing the present, also presented the past time orientation in their

interview responses. Si 0 reflected the uncertainty feature of the future and very

goal oriented. No particular coherence was found among these interviewee's

responses regarding their approaches to classification and their conceptions of

NOS.

Woridview of interviewees with nafve views on all NOS aspects. Three out

of nine participants who held inadequate understandings on all aspects of NOS

were interviewed. All of them were from the department of mathematics

education.

M6

M6 viewed science as experimental, standardized, quantitative, and absolute.

Her definition of experiments, nonetheless, involved some of the characteristics

such as measurements, data, tests, and procedures. She affirmed that scientific

evidence can be used to support biblical claims. Although she cited evolution

theory as an example to explicate the tentative nature of scientific knowledge, she

believed in creationism and stated that everything changes except God. With a

strong religious belief, she considered the scientific controversy to be rooted in the

limitations of human ability and the scarcity of evidence. "Real" science, she

stated, is to discover the truth; knowledge which should be universal. She

regarded Chinese medicine as nonscientific, even like witchcraft.

Obviously, M6 is a very religious person who believed that everything in the

world is under the influence of God. Her religious beliefs permeated all of her



174

responses to the woridview and NOS questionnaires. She maintained that human

beings are the guardians of Nature (an idea called stewardship in Christianity), who

need to manage and protect every living and nonliving thing in the world. She

disagreed with the statement "man can conquer Nature," saying that some natural

phenomena, such as celestial motion, are not controllable because of God's

creation. She further stated that the development of science and technology

follows God's decree. Her view of the human-nature relationship was close to the

anthropocentric perspective.

M6 thought the present to be more important than the other time areas because

it is controllable and manageable. She used the categories of "sensible" and

"insensible" as the first order of her classification system and included supernatural

phenomena in one of the categories. In discussing the difference between science

and religion on the NOS questionnaire, she referred to science's inability to explain

the afterworld. When asked to provide a cause for the phenomenon of morning

haze, she quoted the prophecies in the Bible to say that it is a sign of the end-time.

She selected the scientifically less compatible description by giving a spiritual

lecture about how humans should listen to "Nature's sound," by which she seemed

to equate the term Nature with God. The evidence showed that M6's responses

had an inclination to authoritarianism since she often cited Biblical knowledge and

her friends' opinions, and was unwilling to criticize what she had learned in school

(also see her quotes in the sections discussing participants' views of the inferential

and tentative nature of scientific knowledge). However, she did not seem to

accept either scientist's claim merely depending on their age.

M14

The notion that there is absolute knowledge in science was manifested in

Ml 4's intact responses to the NOS questions. According to her, tentativeness and

subjectivity are acceptable only if "scientific claims are at the inference stage"

(NOSQ-interview). She believes that science has certain rules and procedures
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that prevent "individuality" to enter any aspect of a scientific investigation.

Therefore, she concluded that the use of creativity and imagination are limited to

the planning and design stage of an investigation. She failed to recognize the

social and cultural influences on the use of scientific knowledge, as well as the way

scientific investigations are conducted. Furthermore, she ascribed the term

"traditional" to Chinese medicine, thinking it lacks scientific evidence. The intent

to eliminate "traditional" icons caused her to choose the young scientist's opinion.

In her mind, young means creative and modem.

When discussing the human-nature relationship, M14 was concerned with

environmental issues. She believed that it is the mission of science and scientists

to provide people with reliable information for making decisions about how to

protect our environment. However, she said little about the entities and values of

science, showing a strong inclination toward pragmatist view. She noted that,

though humans have no control of all parts of Nature, they are able to change some

of them for the purpose of survival and to promote the quality of life. Apparently,

she embraced the ideas of sustainable natural resource management. Her view in

this regard was classified in the "Protect" category, toward the anthropocentric side

of the continuum.

Ml 4's concept of time was oriented to the present due to its controllable

feature. Her classification system included physical matters (i.e. three phases of

matters) but excluded the biological components of the environment. During the

interview, she admitted that she simply recited what she was learning in a

science-related course because she had no idea about how to organize classification

system. She offered a statement to describe the cause of morning haze but made

no attempt to show evidence. In addition, she accepted the scientifically more

compatible explanation just because she did not think humans have the instinct to

sense dangers.

M14 appeared to lack critical thinking skills and often had difficulty

defending her ideas. During the interviews, she was reluctant to comment on the
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issues about which she had insufficient knowledge. She was recruited to the

teachers college through the recommendation procedure. In high school, she was

enrolled in a mathematics experimental class in which advanced-level mathematics

courses were taught.

M22

M22 defined science as a body of knowledge about the natural world. He

was convinced that the scientific knowledge presented in textbooks should be

certain and correct. He had faith in scientists' knowledge about the structure of

an atom even though scientists might not have seen an atom. He did not specify a

hierarchical relationship between scientific theories and laws, yet he construed

theories as hypotheses unproven knowledge, pending experimental evidence

and firmly believed that scientific laws do not change. He limited scientific

investigations to hypothesis testing in which scientists use creativity and

imagination not only in the planning stage to generate a hypothesis along with an

experiment, but also in the interpretation stage to defend the hypothesis they

initially formulated. Although he seemed to recognize that scientists formulate an

assumption prior to conducting an investigation, in his mind subjectivity can only

exist when evidence is insufficient to make the conclusion, and absolute scientific

knowledge, especially scientific laws, once being proven true, can be applied

everywhere. Under the impression that something scientific should be laboratory-

oriented, M22 expressed his preference for Western medicine and agreed that

Chinese medicine is nonscientific due to lack of scientific evidence. He tended to

accept elder scientists' opinions, special regard for their profound experiences.

When speaking of Nature, M22 immediately associated science with the study

of the natural world in that humans accumulate knowledge of Nature while they

struggle to survive. He mentioned a few environmental issues, but focused on

human benefits and demands. He continued to indicate that science has nothing

to do with conservation "because conservationists could rely on their experiences
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to know which species are becoming endangered; it does not require any scientific

research" (WQ-interview). This view seems related to his query about whether

biology is a science. In response to the question about how humans know things

in Nature, he added, "some people are not interested in understanding the natural

world because those things [in Nature] are not relevant to them" (WQ). Clearly,

M22 's concern about Nature and conservation of natural resources is toward the

anthropocentric side of the human-nature relationship continuum.

M22 suggested that implementing personal plans in the present time is

important. He preferred a simple, dichotomous approach to classifying things and

merely used "observable and unobservable" as the classification criterion. To

respond to the question about the cause of morning haze, he would simply give an

explanation drawn from his own experience. He selected the scientifically more

compatible explanation by criticizing the anti-technology view embedded in the

other statement. Instead of stressing the empirical potential of the selected

explanation, he commented that people can still live without any knowledge about

earthquakes.

His general comments about the issues raised in these two questionnaires

showed an apathetic attitude. Even so, he was pretty confident about his

statements and confessed that he preferred answering questions intuitively. He

had actively asked for the researcher's advice about his future career during

infonnal interviews. When he was young, he had regularly attended a Catholic

Church with his parents, but has rarely attended in recent years.

Overall, these three interviewees spoke of Nature with a human-centered

perspective. M6 strongly embraced a religious belief in viewing the world and

science. She believed that human beings are superior to other organisms and

should act as the guardians of Nature. Both Ml 4 and M22 adopted an absolutist

concept of scientific knowledge, and voluntarily associated science with the study

of the natural world. Besides, they noted that science merely aims to improve the
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quality of life. All of these interviewees tended to rely on authoritative

information and seemed to lack critical thinking skills.

Woridviews of interviewees with transitional NOS understandings. Six out

of 25 participants who had adequate views on one or two NOS aspects were

interviewed. Coincidently, three of them were science education majors and three

were mathematics education.

S9

S9 held adequate understandings of the inferential and socially/culturally

embedded nature of scientific knowledge. However, a pragmatic perspective was

evident in her definition of science and social/cultural values. She recognized that

different human races, societal customs, and cultural characteristics could cause

different types of scientific development, but gave examples related to weapons.

She stated that scientific laws are more certain than theories but could be

overthrown when anomalies are discovered. However, she provided an

inadequate definition and example of scientific theories. She agreed that theories

change as technology advances, and emphasized that nothing in the world is

absolute. She initially did not comment on the cosmology controversy because

she was concerned with her insufficient knowledge on the issue. With further

probing, the research found that this student was willing to allow for subjectivity in

scientific research if the studied issue is unknowable. Besides a practical view of

science, S9 also accepted an absolutist account of scientific knowledge. She had

faith in the efficiency of Western science and basically agreed that Chinese

medicine is nonscientific. In fact, she personally suffers from a chronic disease,

called rheumatoid arthritis, and accepted Western medicine to treat it because she

was more confident in the experimental evidence undergirding the practice. She

favored the ideas of the elder scientist because of her respect for what she regarded

as his profound experiences.
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With respect to the relationship between humans and Nature, S9 expressed an

anthropocentric perspective that with advances in science and technology, humans

will finally uncover all mysteries of the natural world. She spoke about the

human need for natural resources, as well as the necessity of protecting the

environment. Also, she agreed with the statement "man can conquer Nature," by

stating that humans are capable of inventing tools to exploit natural resources and

to promote the quality of life.

S9 considered the present as the most important time area because one can

control it. Her classification system included the "living" and "nonliving"

categories in which humankind is placed inside of the system. To explain the

phenomenon of morning haze, she would cite a scientific principle. She selected

the scientifically more compatible explanation on item #5, emphasizing its

empirical nature. She specifically indicated that scientists could make

conclusions by observing animals' behaviors.

Si 1

Sil provided basic understandings of the tentativeness and involvement of

human creativity and imagination in the development of scientific knowledge.

Science was viewed as a set of research methods including the quantified,

instrumental, and mechanic features. With this definition of science, Si 1 tended

to consider Chinese medicine as experience-based, in opposition to

research-oriented Western medicine. Generally, she disregarded the influences of

scientists' personal traits and socio-cultural factors on the development of scientific

knowledge, and did not fully recognize that the chief difference of science as

opposed to non-science is based on empirical evidence. She thought that atomic

structure was proven by some experiment and ascribed a hierarchical relationship

between scientific theories and laws.

On the worldview questionnaire, Sli specified the uncertainty of human

knowledge: "Theories are subject to change when new technologies (instruments)
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are developed; one day we will find out that things are not the same as what we

currently see" (WQ-interview), and cited the lock-and-key theory she just learned

in a biochemistry course to defend her thinking about the tentativeness of

knowledge. She stated that everyone could study things in the natural world and

question why the world operates in such ways. She further stressed that people

use the scientific method to prove their thinking about the natural world. On the

other hand, she believed in the existence of supernatural phenomena and the

limitation of scientific knowledge to explain the supernatural world. She claimed

that based on her Buddhist beliefs, "the other world" exists. Clearly, she

associated science with Nature, but did not assume scientism. In responding to

the question regarding interactions between humans and Nature, she stated that

human interference could cause Nature to change; and that humans might be able

to find solutions to solve humanity's problems but not to control Nature. In

general, Si 1 held a moderate view about the human-nature relationship.

On the concept of time, Sil preferred the present and justified choosing it

because it can be controlled. She identified "living and nonliving" as the main

criteria for categorization system in which she included "supernatural phenomena"

as an additional category in the effort to made this response correspond with what

she had mentioned first on the worldview questionnaire. In response to the

question about the cause of morning haze, she intended to give an if-then

proposition to make her explanation clear to others. She chose the scientifically

less compatible explanation on item #5 by criticizing the other explanation with

some rational discussion:

If the continent flat located on an earthquake-frequent zone, then its landscape
would not be plains. Given the above proposition, and that grazing animals
usually live on the prairie, grazing animals therefore do not experience a lot of
earthquakes. For this reason, I am not sure that grazing animals would be able
to notice the pre-tremors. (WQ-interview)
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She appeared to prefer giving the if-then proposition when reasoning. She also

tended to cite as many scientific concepts as possible to express her ideas about any

questions being asked. However, she was in favor of elders' opinions when

responding to the last question of the NOS questionnaire.

S12

S 12's adequate understandings of the NOS included the aspects of

tentativeness and creativity/imagination in scientific investigation. His view of

science conveyed an empiricist perspective that the reliance on empirical evidence

excludes subjective factors from science. He pointed out that science values

precision, parsimony, and verifiability. With this definition in mind, he argued

that scientific knowledge can be applied universally and agreed that Chinese

medicine is not scientific due to its lack of theoretical basis, experimental evidence,

and efficiency.

He provided an inadequate description of scientific theories, saying that a

theory states the essence of a law in which a law represents the order of natural

phenomena. He did not seem to make any reference to the scientific method or a

hierarchical relationship between theories and laws. However, Si 2 failed to

understand the establishment and function of scientific theories, and inaccurately

stated that - "an object at rest tends to stay at rest and an object in motion tends to

stay in motion" to be an example of a theory. He further claimed that scientists

can see atoms through high-powered microscopes, and believed that more

objective evidence can be obtained in the future when technology enables us to go

outside of the universe, where the controversy would no longer exist.

Regardless of his naïve description of scientific theories, S12 generally

acknowledged that scientific knowledge changes with advances in information and

new ideas. He specified that a new theory could either be inclusive of the old one

or present a relatively different way of conceptualizing certain phenomena.

Moreover, he realized that creativity and imagination are essential for planning an



182

investigation, organizing data, and generating a conclusion. He did not seem to

judge scientists' opinions according to their age.

Optimism about technological revolution is manifested in S12's narrative of

the human-nature relationship. He pointed out that resource utilization and

curiosity are the two major factors that stimulate people to study Nature. Having

a sense of Nature's orderliness, he continued to stress the human capacity to gain

knowledge about the natural world through science. However, he reflected that

we humans should coexist with Nature because we are part of Nature. His view

about the relationship between humans and Nature is categorized as

"Coexist-Pragmatic."

Si 2 chose the future as the most important part of time because he believes it

is full of hope. He pointed out that the goals of protecting environment and

conservation science bear in mind the interest of our future. With confidence in

the human ability to study Nature, he classified things in the world into "known"

and "unknown" categories, and believed that the number of items in the unknown

category will decrease through the sustained efforts of exploration.

S12 inferred that the morning haze was caused by a fire in the neighborhood.

He would simply tell others his inference and state it as a fact. He opted to select

the scientifically more compatible explanation for the TOPE item by citing

evolution theory to explain why animals possess the ability to sense certain dangers.

Similarly, he claimed that human intelligence evolves toward being capable of

inventing instruments and technologies rather than to sense changes in

surroundings. Apparently, he possesses a strong belief in the orderly nature of the

world and human capability.

M7

M7 viewed science as something close to testing ideas, doing experiments,

and following certain procedures to reproduce results. Scientific theories or

models were considered as no more than a reasonable guess, pending experimental
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proofs. He indicated that a new scientific theory is built upon old ones and

attempts to be as inclusive of other theories as possible. Thus, to his mind,

creativity was necessary for hypothesis testing, designing a plan, collecting more

data, and organizing data to test ideas. Evident in his responses to the cosmology

controversy was the notion that "everything goes" because no one would be able to

obtain objective data from outside of the universe.

M7 generally acknowledged that social and cultural values are embedded in

the development of scientific knowledge. The examples given in the discussions

focused more on human demands than on the cultural characteristics of science.

Nonetheless, he mentioned a little about the inertia of Chinese sciences, and

noticed that Chinese and Western medicines are developed under different

theoretical bases and socio-cultural values.

When speaking of Nature, M7 limited his discussions to human society and

further noted that it is the scientific attitude that leads humans to study things in

Nature. He talked about natural resources and emphasized the supply-demand

balance with respect to the human-nature relationship. On the concept of time, he

valued the future for its changeable nature. However, he seemed to see these

three time areas as circular or whole rather than separate. Note that he is the one

who made a connection between evolution and the Buddhist! Taoist concept of

"reincarnation." According to his concept of evolution, the bad traits in the past

would be eliminated for the present and future, and this same process can be

applied to explain time concept and life events.

He used the notion of "concrete vs. abstract" to classify things, but initially

did not provide examples for each category. When asked for an explanation for

the cause of morning haze, he tended to demonstrate a test to show how high the

humidity is. This tendency away from authoritarianism is also evident in his

response to the last item on the NOS questionnaire, in that he was inclined not to

take scientist's age into account. For the lOPE item, he selected the scientifically

less acceptable explanation, using the evolution theory to justify his choice (see his
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comprehensive excerpt regarding evolution and reincarnation in the Causal

Thinking section).

Ml 3

Ml 3 held an adequate understanding about the involvement of creativity and

imagination in scientific investigation. When asked about her impression of

science, she indicated that science is not about humanity but a study of the physical

environment around humans. Furthermore, she emphasized the practical aspect of

science and provided some uninterested comments on whether scientists are certain

about the structure of an atom: "even though someday [current notions of the

atomic structure] will be overthrown, the change should have no influence on our

lives at all" (NOSQ- interview). This view is also manifest in her response to the

woridview questionnaire. In her mind, science is about research; scientists take

things apart to gain knowledge about them. For laypersons, however, the study of

Nature only serves to help people figure out what can be used for survival or to

improve the quality of life.

It is useless if you just know what [something in Nature] is rather than to
understand its function. I think people should understand how to utilize those
things instead of just studying them. (WQ-interview)

Ml 3 failed to recognize the empirical basis of science. Even though she

often questioned the validity of a scientific claim and the accuracy of experimental

results, she was uncertain about her own knowledge to make judgment. She

adopted a hierarchical view of the relationship between scientific theories and laws,

but believed that laws change with different time and space. Regarding the

cosmology controversy, she suggested that scientists should discuss the issues

together to reach a consensus, and that more objective observations are needed.

On the aspect of social and cultural embeddedness, she accepted the idea that

science reflects social and cultural values (emphasizing weapon making), but also
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believed that both the use of scientific knowledge and the way scientific

investigations are conducted are universal. When asked to compare Chinese and

Western medicine, she tended to merely focus on the healing effectiveness, and

implicitly stated that the Chinese medical system has become more scientific than

it was before.

On the subject of the human-nature relationship, Ml 3 used the ecological term

"mutualism" to express that both humans and Nature can benefit from this

relationship. She constantly described Nature according to a utilitarian

perspective, and emphasized that humans should properly exploit and manage the

natural resources. Her responses regarding this woridview dimension are

characterized in the "Coexist-Pragmatic" category.

Ml 3 preferred the future. She justified choosing the future because it can be

planned and/or shaped. She used the demarcation of "living" and "nonliving" for

the classification criteria and placed humans in the category with animals. On the

cause of morning haze, she intended to search for an answer from texts, and was

hesitant to give an explanation when her knowledge was insufficient in this respect.

On the NOS questionnaire, she did not take scientists' age into account when

making decisions about whether or not to accept their claims. She chose the

scientifically less compatible explanation, but did not reject the other one because

she thought she had heard of that kind of idea. Her justification for choosing the

less scientific explanation generally showed that she avoided using science-related

concepts to comment on some issues that do not have exact answers.

M27

M27 spent much time emphasizing the rational and logical characteristics of

science and mathematics. He offered mathematical theorems and axioms as

examples to express the definitions of scientific theories and laws, and believed

that laws are fixed, applicable everywhere in the universe. According to this view,

scientific theories are considered to be at the testing stage, and remain tentative
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until being proven. He further noted that science is universal and objective, and

that scientists do not use creativity and imagination in the data interpretation stage

because conclusions should be based solely on the data. He talked about

scientific enterprise with a focus on the individual efforts of some prominent

scientists. On the inferential nature of science, M27 provided an adequate

explanation for how scientists derived the atomic structure from indirect

observations.

When thinking of Nature, M27 discussed the importance of natural resources

and expressed his concerns about some environmental issues. He also spoke of

environmental ethics and emphasized personal enjoyment of Nature. However,

his overall view of the human-nature relationship is anthropocentric since his

environmental concerns are voiced in the context of resource use. He was highly

positive about the potential of human intelligence to explore the natural world

through science and technology.

M27 viewed the present as more important than the other time areas because

the present determines the future. He did not construct any classification system,

but questioned the purpose of classification without context (see his interview

excerpt in the Classification section). He appeared to be fairly critical about some

issues, including this classification task, and the scientist's age on the NOS

questionnaire. M27 intended to give a scientific explanation about the cause of

morning haze by searching for some relevant information. He considered himself

lacking enough expertise in meteorology and thought that seeking for reliable

sources would help him to analyze the phenomenon with a scientific outlook.

Even so, he selected the scientifically less compatible explanation to the TOPE

question and used a Lamarckian type of evolutionary concept to justify his choice.

He critiqued the other explanation by saying that animals' behaviors may not be

specific to earthquakes.
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Among the interviewees who had transitional understandings of NOS, S9, S12, and

M27 highly emphasized the human capacity to gain knowledge through science

and technology. They provided conments on the resource aspects of Nature.

On the NOS questionnaire, they either viewed science as an equivalent to

technology or discussed its practical characteristics. Ml 3 held an uninterested

view of science and the study of Nature, and stressed the practical aspect of science

and the utilitarian view about natural resources. Si 1 and M7 involved their

religious ideas in discussing classification, time concept, and causality. Si l's

comments on the uncertainty of human knowledge were consistent with her

descriptions about the tentative nature of science. In addition, Si 1 was concerned

less with the human need to use resources than stressing about maintaining a

harmony relationship with Nature. M7 mainly focused his concerns on natural

resources and human society issues even though he talked about the Buddhist

concept of reincarnation. Other than the human-nature relationship, participants'

woridviews did not show any patterns in relation to their NOS understandings.

Summary

In this section, potential interrelationships revealed by participants' responses

to the NOS and worldview questionnaires are examined. In general, the

Relationship dimension in the logico-structural worldview model assessed in the

present study generates clear connections with NOS conceptions, on the basis of

statistical analysis and case study of participants' responses.

Statistical evidence indicated that participants who held a moderate view of

the human-nature relationship were more likely to have better NOS understandings.

Examination of interview data showed that the interviewees (S 10, S13, Si 8, and

S22) having adequate views on at least four NOS aspects had subscribed to an

indeterminist perspective on human knowledge about the natural world and

integrated this concept into their discussions regarding the tentativeness,

subjectivity, and creativity components in science. Statistical analysis further



188

showed that participants who noted the limited and uncertain nature of knowledge

expressed adequate views on the inferential aspect of science.

On the contrary, participants who held naïve views on most NOS aspects

seemed to limit their descriptions of Nature to the resources it provides and offered

pragmatist or uninterested comments on how humans know things about Nature.

These participants either viewed science as being similar to technology or

considered scientific knowledge to be proven truth. Interview data further

showed that most of these participants were inclined to ask for authoritative

explanations because they were concerned with their lack of relevant knowledge to

make judgments.

On the basis of statistical analysis, the Time worldview dimension seems to be

related to NOS understandings, with participants who held informed NOS views

being more likely to choose time areas other than the present. The interview data

revealed that the participants with better NOS understandings seemed to emphasize

either past experiences (S 13, S22, and M15) or the implementation of personal

goals rather than the controllable feature in the present and future (SlO and S 18).

In contrast, the participants with mostly naïve NOS conceptions were more likely

to discuss the controllable nature of the present and future (e.g. S9, Si 1, M6, M7,

M13, and M14).

No noticeable pattern emerged between the Classification dimension and NOS

understandings. Participants' justifications of either explanation on the TOPE

item were diverse. No specific relation between the choice of the scientifically

more compatible explanation and informed NOS conceptions was identified.
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CHAPTER V

DISCUSSION AND IMPLICATIONS

The purpose of the present study was to assess Taiwanese preservice

elementary science teachers' woridviews and NOS conceptions, and to explore

potential connections between woridviews and NOS understandings. The

assessment and analysis of worldviews were based on Keamey's logico-structural

woridview theoiy Participants' understandings of the NOS were examined for

consistency with current views on the characteristics of the development of

scientific knowledge, which are generally relevant for K- 12 education.

Multicultural science education literature implied a relationship between woridview

presuppositions and scientific epistemological beliefs. This study, therefore, was

intended to empirically delineate this relationship.

This chapter consists of six sections aiming to interpret and compare the

findings with other relevant studies. The first section discusses participants'

conceptions of the human-nature relationship, which deals with the Self, the Other,

and Relationship domains in the logico-structural woridview model. The

remaining worldview domains are explicated in the second section. The third

section examines participants' understandings of NOS with a focus on culturally

specific images of science. Patterns existing in participant responses to the

woridview and NOS questions are presented in the fourth section. The limitations

of the present study are discussed in the fifth section. The sixth section outlines

some implications for science education based on the present investigation's results.

Recommendations for future research are provided in the final section.
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Conceptualizations of Nature

How do people view the world around them? This is the fundamental

question guiding the present investigation and other woridview studies, such as

Cobem (1993, 1999), Kluckhohn and Strodtbeck (1961), Lawrenz and Gray (1995),

and Sodowsky, et al. (1994). Based on the logico-structural worldview model,

people's views about Nature and relationships to Nature are suggested to be of most

interest to science educators (Cobem, 1993).

Taken Cobem's caution about linguistic differences when using translated

instruments, the use of the word Nature, which is a major concept with respect to

science, was first examined. The word "Nature" is commonly translated as Tzujen

in Chinese, which is the same as Shizen in Japanese (Ogawa, 1998). Ogawa noted

that the term Shizen is not equivalent to Nature since it is one of the significant

words in Japanese philosophy. This argument is confirmed by this study in that

one participant distinguished Tzujen from Nature with a Taoist interpretation.

Therefore, a neutral, customized word Datzujen was used in the present worldview

questionnaire to avoid this confusion. In effect, many of the participants directly

associated Nature (Datzujen) with the natural environment, and many voluntarily

spoke about science.

In this study, participants' views on the human-Nature relationship were

assessed by a set of questions, inquiring about how and why humans study Nature

and what kind of relationship humans should establish with Nature. Several

categories were generated to interpret participants' perceptions of the human role in

Nature and descriptions of Nature. These emergent categories seemed to be

naturally located on an anthropocentric-moderate continuum. On the

anthropocentric side, Nature is often described in terms of resources and necessity

for humans, and human capability of protecting and managing the natural world is

emphasized. This type of view seems to fit with one of the Man-Nature

orientations proposed by Kluckhohn and Strodtbeck (1961), referred to as the

Mastery-over-Nature position. Opposite to the anthropocentric view is a view
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defined identified as "Moderate," which asserts we humans should respect the

existence of Nature because we are part of it. Such a perspective seems to take

the middle ground between the Subjugation-to-Nature and Harmony-with-Nature

positions as Kluckhohn and Strodtbeck assumed. Similar to Cobem's finding

(1993), some participants in the present study indicated their belief that humans can

study nature through personal experiences or science, but knowledge of nature is

definitely limited because nature is changeable. It becomes clear that one's

perception of the world is far more complex than a researcher could predetermine.

The relationship between Self and Other as harmony is the dominant concept

in Chinese history, and it is still evident in people's beliefs about the relationship at

the present time in Taiwan. Over two thirds of participants adopted terms with

meanings similar to the English word harmony in order to express the

human-Nature relationship, just as they would use it to describe personal

relationships with other individuals and nations. However, some advocated the

harmony relationship between humans and Nature but at the same time deemed

exploitation of Nature as necessary for human survival (e.g. Cheng, O'Leary, &

Page, 1995; Sodowsky, et al., 1994). Apparently, for these participants, a

pragmatist point of view is predominant. The analysis of participants' responses

to the items specifically asking about the human-nature relationship generated four

categories, including "Protect," "Coexist-Pragmatist," "Coexist-Moderate," and

"Obey." Combined with the analysis of other dimensions, i.e. views about the

locus of Self and image of Nature, the continuum with two extreme ends seems to

be the better interpretive means to express people's conceptualizations of nature in

the Taiwan's context. It is clear that the majority of responses could be situated in

the middle of the continuum, and sometimes fragmentary and changeable

depending on the context.

It cannot be overlooked that participants' conceptualizations of Nature has

been influenced by their experiences of natural disasters that recently occurred in

Taiwan. As reported in Chapter IV, many participants recalled fresh memories of
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an earthquake (7.3 on the Richter scale) and strong typhoons that had brought

havoc over the past two years. People of their generation had never suffered such

devastations and fears from natural disasters before. Vivid memories of the

natural events led some participants to reflect upon how helpless and limited

human abilities are in comparison to Nature. Not all participants reached such

conclusions, however, not even the ones who were living in the central area of

Taiwan (where the epicenter of earthquake was located). Several participants

demonstrated a great deal of confidence in the human ability to overcome the

challenges of their environment. The ability to make rain artificially is an

example of how humans have tried to interfere with the weather and consequently

conquer Nature. In a similar way, people of modern times attempt to control their

environment by tunneling through mountains and pave roads for use. Nature, to

some people, is something that can be conquered and manipulated. As was

argued in the first chapter, scientific and technological achievements, bearing the

notion of modernization, have fascinated Chinese society since the beginning of the
19th century. The pragmatist view of Nature is thus manifest in some participants'

ideas about using natural resources.

Interpretations of the human relationship with the natural world could differ

between cultures at large (e.g. West and East), among groups (e.g. families,

organizations), and even on an individual level. The results of this study indicated

that the preservice teachers enrolled in the science education program were more

likely to hold a moderate perspective on the human-nature relationship, while the

mathematics education majors were more likely to suggest an anthropocentric view.

Lawrenz and Gray's study (1995) demonstrated a similar phenomenon in that their

participants with more physics background were more likely to subscribe to notions

of controlling the world than those who had not taken physics. Likewise, Cobern

(2000) found that physical science teachers showed a stronger sense of order and

logic in Nature than biology teachers. Participants in the present study were all

required to take content courses in biology and physical sciences at the general



193

level. However, since training in mathematics usually emphasizes the logical

thinking, the preservice teachers enrolled in the mathematics education program

might have a more orderly view of the world than their science education

colleagues. Analysis of participants' responses to a series of questions relating to

their perceptions of the human-nature relationship has unearthed many of the

differences between science education and mathematic education cultures.

However, it needs to be noted that the intent of this study was not to judge which

view is better than the other one, but to describe a range of beliefs held by certain

individuals or groups.

Concept of Time, Causality, and Classification

Besides the Self-Other Relationship, the other universals in the

logico-structural woridview model include Classification, Causality, Time and

Space. However, this study excluded the last one. As described in Chapter III,

perception of Space was not assessed for two reasons. First, cultural differences

on spatial images could be identified from the conventional ways of measuring

space and dealing with direction, and from folk cosmology (Kearney, 1984). It is

not as easy as it may seem to discover significant differences between the responses

of people who have been fostered in a modernized society. Secondly, the initially

designed question about Space did not elicit any discernable responses regarding

the concept of space.

Closely related to the space universal is time orientation. Although time is

also a complex and abstract concept, some anthropology literatures (Kearney, 1984;

Kluckhohn & Strodtbeck, 1961) suggested that people with different cultures might

have different temporal focuses. Kearney assumed that the future orientation

appears to fit in Calvinist and Capitalist doctrines, which encourage people to

pursue success in business and academics. In a cross-cultural study of value

orientations, Kluckhohn and Strodtbeck (1961) concluded that people with the

present orientation tend to see the future as unreal, uncertain, and intangible, and
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emphasize the immediate experiences in the present. They also inferred that

traditional Chinese culture was strongly oriented to the past, as can be observed in

practices such as ancestor worship and possessing a strong sense of family

traditions. More recent studies conducted by Yang (1986) and Sodowsky et al.

(1994) found that Chinese students, especially in Taiwan, were future oriented.

This finding showed a contradictory interpretation of Chinese culture with that of

Kluckhohn and Strodtbeck's, or, perhaps more correctly, presented a change in

these people's values.

The results of the present study showed a different tendency with the

aforementioned remarks about Taiwanese students' concepts of time. An

overwhelming majority of the participants preferred the present, and many regarded

the future as uncertain and had little concerns about the past. They valued

immediate experiences and momentary decisions made to determine the future.

As reported in Chapter IV, at the time this investigation was conducted, the phrase

"living in the present moment (hwo zai dong shia)" seemed to be a prevailing

motto that tells people to be earnest and down-to-earth. In addition, the notion of

"controllable" was evident in many participants' justifications of choosing the

future and the present. It was found that the participants having such temporal

tendencies were less likely to regard the human-nature relationship in terms of the

limitedness of human capability. Only three participants retained the traditional

Chinese concept of time, demonstrating an orientation to the past. They all

happened to be Taoists and science education majors. The difference between

groups again presented in this woridview domain, with science education majors

having more a greater variety of temporal orientations than their fellow students in

mathematics education.

Participant causal thinking was examined in the present study by using two

question items, which elicited some striking results. First of all, it appears that

participants were most likely to attribute an event to natural phenomena rather than

to non-natural or supernatural effects. Only two participant responses expressed a
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mythical or supernatural explanation. They both claimed to have religious beliefs,

and quoted Biblical prophecies or Chinese myths as explanations. Additionally, it

is evident that the majority of participants were inclined to search for authoritative

information or opinions to show the validity of their explanations, rather than to

gather empirical evidence to support their arguments. This fact could be partly

accounted for by the Chinese cultural tendency to submit to authority. The other

possible interpretation of these responses is that of positivist science instructions.

Exam driven school learning leaves few opportunities for students to exercise

independent thinking, or to authentically carry out investigations to solve problems.

As a result, students become less critical about what they have learned and often

think reciting authoritative arguments as a sufficient, perhaps an intelligent way, of

dealing with an unfamiliar issue that is likely to have a scientific explanation.

Next, it was found that 44% of the participants chose the scientifically-less

compatible explanation. Of them many seemed to emphasize the need for

empirical evidence to explain the cause of a phenomenon. This inconsistency is

somewhat surprising and further inquiry in this regard is necessary Given that

people often have a variety of views with regard to what constitutes a compelling

explanation, Cobern (1995) designed a series of questions to assess whether a

student's worldview in general, and causal thinking in particular, matches the

scientific woridview. The scientifically-more compatible explanations were

designed to be more empirical, mechanistic, and testable than the less compatible

explanation. Cobern (1997) found that students who dislike science tended to

prefer nonscientific styles while professional scientists showed the highest

tendency of choosing the scientific explanations. In the present study, some

participants regarded the scientifically-less compatible explanation as more

inclusive and holistic, acknowledging a variety of explanations including the more

scientific one. This implies that these preservice teachers were not inclined to

favor reductionism in interpreting the world. A few other participants, even

though they chose the scientifically-more compatible explanation, simply repeated
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the statement as some fact that they had heard of without further judgments or

discussions of the information. The tendency toward using an authoritarian

approach to solving problems, therefore, is considered predominant for these

participants.

Most interestingly, one fourth of the participants voluntarily used evolutionary

ideas to endorse their choice of either explanation. The terms "evolve" and

"degrade" often occurred in participant justifications of why humans cannot sense

certain dangers and why animals are able to feel pre-tremors. Some participants

even considered the scientifically-less compatible explanation as more empirical

than the more compatible one (see S6's quote in the Causal Thinking section).

However, most of the participants' concepts of evolution, as they emerged in the

responses to the item, were not essentially congruent with Darwin's theory of

evolution, but with Lamarck's idea of use-inheritance. It has been shown that

teleological reasoning, such as this Lamarckian notion, is pervasive among students

from middle school to the university level as reviewed in Rudolph and Stewart's

article (1998). The common misconception about evolution that the subjects

provided in this study accords with the notion of the need-driven transformation

that "an individual creature is able to sense undesirable environmental changes and

physically alter itself as a means of compensation, with the changes being passed

onto its progeny" (Rudolph & Stewart, 1998, p. 1080). Such an emergent

phenomenon in the participants' responses suggested the need to integrate

discussions of metaphysical issues in science courses.

Only a few participants noticed the testability of the scientifically-more

acceptable explanation. Even fewer of them (only three participants) emphasized

the need of empirical evidence for both question items regarding the Causality

domain. To summarize participant performance on the two causality items, two

conclusions can be made: the majority of participants in this study had an

inclination to authoritarianism and, secondly, the majority of participants did not

adopt scientific presuppositions in their explanations.
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On the logico-structural model, the cognition of causality is related not only to

the Relationship domain, but also to the cognition of Space and Time (Keamey,

1984). To test the model, one might expect some relationships among the

question items based on participants' responses. Unfortunately, no statistically

significant pattern seems to have emerged from systematic analyses of the

categories. However, during the interviews, a participant (M7) used the evolution

concept to justify his preferred explanation of causality and reflected the

relationship between his beliefs of reincarnation and evolution. Reincarnation is a

traditional temporal representation (Allen & Crawley, 1998), which is also the

major time concept of BuddhismlTaoism. Another participant (S22) who believed

in reincarnation also adopted the concept of evolution to defend his preference of

the scientifically-less compatible explanation. An interconnection between

Causality and Time in these cases is implicitly established. Moreover, some

participants alluded to the human-nature relationship as a support of the

nonscientific explanation. Although not all of them held moderate views toward

the human-nature relationship, none had subscribed to the idea of human mastery

over Nature. In other words, they generally maintained that humans should live in

harmony with Nature, a view that influenced their ideas of causality.

The last assessed woridview domain is that of Classification. The

classification concept could be represented by how people name objects and

conceptually group them into some constructed categorization (Kearney, 1984).

The most common criterion, used by about one third of the participants, applied to

construct a classification system is "living vs. nonliving," based on which

participants usually grouped human beings with animals and were only concerned

about natural phenomena. Such a categorization seems to have an impersonal,

technical view of the world with exclusion of personal and subjective thoughts in

dealing with the classification task. In contrast, the other participants seemed to

hold a view with a focus on humanistic aspects of the world. They tended to use

human cognitions and values (i.e. knowable! unknowable, sensible! insensible,
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concrete! abstract, etc.) as classification criteria, and some included supernatural

phenomena in their classification systems. These participants were more aware of

human abilities to know and sense the world and preferred an experience-based

approach to classifying the phenomenal world. It was found that more science

education students constructed the latter type of classification system, whereas

more mathematics education majors used the dichotomy of living-nonliving as

classification criterion. This once more implies a difference between the groups

in worldview.

The question item for assessing the Classification domain was adapted from

Lawrenz and Gray's study (1995). In their study, this item did not elicit

meaningful responses because many students simply repeated the given examples.

They further criticized that the question may be too complex to answer adequately.

In the present study, seven respondents did not construct any categorizations. On

the questionnaire, the rate of void response to this item is the highest one.

Interviews with two students clarified that it was eventually the purpose of the

classification task that confused them. Considering the student's narrative that

"nothing in the world is absolute" (M27), it may be implied that, for some people

nurtured in Chinese culture, the wholeness of the world may not be divided because

the whole is a dynamic, organic system. As such, further studies of how people

approach the classification task and their thinking about the purpose or value of

classification is encouraged.

Understandings of the NOS

Preservice teachers' conceptions of the NOS in the present study corresponded

with a relatively extensive line of research indicating that both students and

teachers' NOS views are not consistent with contemporary conceptions of scientific

endeavor (Duschl, 1990; Lederman, 1992). An overwhelming majority of

participants (over 70%) held inadequate views of the empirical NOS, tentativeness
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of scientific knowledge, and creativity and imagination involved in scientific

investigation. Moreover, almost all participants conveyed a hierarchical view of

the relationship between scientific theories and laws (Abd-El-Khalick, 1998;

Akerson, Abd-El-Khalick, & Lederman, 2000; Lederman, 1986). None of the

participants, however, believed that scientific theories do not change, even though

some may not hold adequate views of the construction of scientific theories and

tentativeness of scientific knowledge. The notion that everything changes with

variations in time and space was manifest in many participants' responses. This

even affected a few interviewed participants' conceptions of scientific laws to

consent that scientific laws are subject to change as well. Such a finding seems to

imply that participants were more likely than their western counterparts to adopt a

relativist view of science (Abd-E1-Khalick, 1998; Abd-El-Khalick, 2001;

Brickhouse, at al., 2000).

Following this line of thought, participants were questioned about why we

bother to learn something that would change someday. Although many generally

agreed that scientific theories serve as the best explanations in the current time,

their responses also indicated that they believe the controversies and the

tentativeness among scientific concepts should be attributed to the limitedness of

human knowledge about reality. However, they generally had limited knowledge

about the development of those well-established theories. Thus, strictly speaking,

a considerable majority of participants did not comprehensively understand the

practices and processes inherent to the scientific enterprise.

In comparison to NOS research conducted in nonwestern contexts, the results

of this study showed that many participants tended to view science as close to

technology (Akienhead & Otsuji, 2000) and as a materialistic benefit (to better life)

(Aikenhead & Otsuji, 2000; BouJaoude, & Abd-El-Khalick, 1995; Cobern, 1989).

This finding suggested that the public image of science in Taiwan is portrayed in a

pragmatic way rather than with a theoretical focus.
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Relatively higher percentages of the participants provided adequate

understandings on the subjective, socially and culturally embedded, and inferential

nature of science. However, participants' conceptions were generally fragmented

and lacked a coherent framework (Abd-E1-Khalick, 1998). Analysis of each

individual interviewee's conceptions of the NOS, as was reported in the case study,

has indicated that many, especially those who held transitional views, were unable

to transmit an adequate view on an aspect of NOS (e.g. sociocultural embeddedness)

to other relevant aspects (e.g. subjectivity, tentativeness, etc.). In many cases,

their views were dim, fluid, and hard to be self-explained when tackled with

different issues or contexts on the questionnaire.

As mentioned earlier, almost all participants held inadequate views on the

relationship between scientific theories and laws. Many directly associated "The

Scientific Method" with the development of scientific laws, and referred this

conception to science textbooks. At the time when the participants received

mandatory education, the education system in Taiwan was still centralized. The

textbooks were uniform and published by the only authorized organization (i.e.

NICT). Reviews of textbooks confirmed that participants' views of the defmitions

of and relationship between scientific theories and laws were congruent with the

statements in their science textbooks. Fortunately, the diagram and the

misrepresented statements were omitted and revised in the versions published after

the year 1998. Such a change is encouraging; at least these misconceptions would

not be imprinted in more students' minds through the textbooks. Even so, science

teachers could still transmit their own misconceptions to their students, unless

effective efforts to improve science teachers' understandings on this aspect of NOS

are made.

To fulfill the interest in finding culturally specific interpretations of science,

the present study designed two additional questions that attempt to identify specific

Chinese cultural characteristics. Ogawa's (1995) assertion of the multiscience

perspective inspired the assessment and analysis of participants' conceptions of



201

what can be considered scientific. As described in Chapter III, Chinese medicine

has historical and scientific values for Taiwanese society People in western and

Chinese cultures often have debates about whether Chinese medicine is scientific or

not, and whether it can be considered a reliable medical treatment if it lacks

"scientific" evidence. In Taiwan's current health care system, the "scientification"

of Chinese medicine has been the official policy for several decades, yet it raises

many other issues and, in turn, affects public ideas about Chinese medicine in

Taiwan (Chi, 1994).

Eventually, the majority of participants, regardless of their preferred type of

medical care, deemed Chinese medicine to be a proto-science that is fundamentally

testable but requires more investigation and experimental evidence. Consistent

with the finding in Liu and Lederman's study (2001), Taiwanese students often

identify scientific as something experimental. Furthermore, the present study

found that participants equated "scientification" with "modernization." The

majority of participants generally did not realize that there are profound differences

between the approaches, theoretical underpinnings, and philosophies inherent to the

development of these two medical systems. Of course, it is not to be expected that

anyone with little background in the history of medicine be able to clearly identify

these differences. It is also not the intent of this study to assess participants'

knowledge about both medical practices. Participants' anticipation for scientific

legitimation to make Chinese medicine more efficient generates concerns, however.

The empiricist view appeared to have been very influential on participants'

conceptions in this respect. Science instruction, following the empiricist (logical

positivist) paradigm, depicted scientific inquiries as merely experimental

confirmation and embraced the step-wise scientific method (Rudolph & Stewart,

1998; Shumba, 1999). Given such a view of science, it is not surprising to find

that participants overlooked the social and cultural differences and counted on the

universal scientific method to unveil Chinese medicine.
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Given that scientific claims are testable with regard to gathering empirical

evidence, science values democracy, open-mindedness, and skepticism (Smith, &

Scharmann, 1999). Alternatively, authoritarianism is a disposition predominant in

many traditional cultures that leads people to appreciate authority as a means of

knowing and solving problems (Akatugba and Wallace, 1999; Allen & Crawley,

1998; Lawrenz & Gray, 1995; Shumba, 1999). Though all participants in the

present study valued the creative nature of science, a considerable percentage of

them (2 8%) were inclined to respect the judgment of elder scientists on some

environmental issues and considered accumulating experiences as a vital activity in

science. This inclination was more discernible when participants were required to

unravel a given problem, such as the question regarding a cause of an natural

phenomenon on the worldview questionnaire. In responding to this NOS item,

about half of the participants emphasized the need to critically review the claims

made by the younger and elder scientists alike. Given the context of scientific

research, these preservice teachers were more likely to appreciate open-mindedness

and show a shift away from tradition (Shumba, 1999). Furthermore, students'

stereotypic views about scientists could hint at the type of scientific claims to

which they would adhere. Elaboration on the question item with inclusion of

authentic socio-scientific issues might generate more in-depth information.

As to the relationship between students' characteristics and their NOS

understandings, the results of the present study seemed to show that participants

recruited from the science education department generally outperformed their

mathematics education counterparts. Several mathematics education students had

difficulty providing examples to elaborate upon their responses (e.g. atomic

structure) and commenting on issues with which they were unfamiliar (e.g. the

cosmology controversy). It might be that lack of content knowledge limited

mathematics education students' reflective thinking about what science is.

Resources from informal interviews and document reviews further showed that

none of the undergraduate courses in either department addressed NOS knowledge.
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Participants' NOS views do not seem to have been improved by what they learned

in either program, but other factors might also affect their interpretation of the

scientific enterprise. Furthermore, it was found that male participants seemed to

perform better than female participants on the understandings of the empirical and

tentative aspects of NOS. However, considering that the sample size of this study

was relatively small and that gender distribution between groups (the science

education and mathematics education departments) was uneven, this trend needs to

be verified with extended data from a larger population.

Patterns in Participants' Responses to the Woridview and NOS Questionnaires

As was reported in Chapter IV, statistical analysis and case studies revealed

patterns in participants' responses to the worldview and NOS questions. Relevant

literature (e.g. Ogunniyi, et al., 1995; Shumba, 1999) suggested that teachers

having more traditional worldviews were more likely to hold inadequate

conceptions of the NOS. The so-called traditional worldviews are typically

defined as spiritualism, authoritarianism, metaphysics, and harmony

(nonmaterialism). If based on this definition, the results generated from the

present investigation might not completely accord with Ogunniyi, et al. and

Shumba's arguments.

It was found in the present study that participants who held informed NOS

understandings were more likely to emphasize harmony with Nature. This finding

was further confirmed by analysis of interview data. The interviewed participants

with better NOS conceptions seemed to reconcile the view of the limitedness and

uncertainty of human knowledge about Nature with their interpretation of the

scientific enterprise, especially regarding the tentativeness, subjectivity, and

influential aspect of the NOS. On the contrary, those who held naïve NOS views

were more likely to convey the materialistic views of Nature.
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Of the 14 interviewees, Si 8's case was special because he demonstrated

informed views on most NOS aspects but explicitly showed a reluctance to choose

science related subjects as his graduate major. He confessed that the image of

science that science instruction often presented to him is in conflict with his

philosophy. In the woridview interview, he constantly critiqued the myth of

science and the reductionism in interpreting natural phenomena, and strongly

embraced an ecological perspective of the human-Nature relationship. His

interpretation of science was generally consistent with contemporary sociological

views of science, though not completely separate from the view imparted by

secondary science education. Similar to Si 8, S 10 and S 13 both had

comprehensive understandings of the NOS and emphasized the limitedness and

uncertainty of human ability. On the basis of these cases, an interrelationship

between woridviews, particularly the views of the human-Nature relationship, and

NOS understandings are thus portrayed. However, such an interrelationship is by

no means straightforward and causal. Just as the image of a continuum is

intended to illustrate, a shadow zone always exists between the two easily

distinguished positions at the extreme ends.

Interview data further indicated that participants with inadequate NOS

understandings were inclined to seek the opinion of an authority for explanations

when they considered themselves lacking relevant knowledge to certain natural

phenomena. Participants with better NOS understandings seemed to be more

critical about the issues posted in the woridview questionnaire. In the interview,

the researcher found out that some science education majors were taking a

meteorology course, which was not required for mathematics education majors.

Most of the participants taking the meteorology class merely repeated something

they had learned when requested to explain the morning haze. Most of those who

emphasized the importance of empirical evidence did not take meteorology course.

This situation shows that improving content knowledge in a certain area might not

directly enhance a learner's critical thinking about the issues related to that area.
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Moreover, it is likely that possession of critical and reflective thinking skills may

influence a learner's interpretations of the world, and also induce him/her to think

about the topics he/she is studying more deeply.
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Figure 4: Relationships between Woridview Domains and NOS Aspects

Figure 4 sketches some relationships existing between woridview cognitive

domains and understandings of NOS. It needs to be emphasized that the line

drawn between any woridview category and NOS aspect does not necessarily

indicate a causal or linear relationship. The interactions between the two

constructs (worldview and NOS), in fact, are generated from the analyses of

participants' responses to both questionnaires. The symbol of "+" in the figure

represents that participants giving a certain response to the worldview questions

(left) were more likely to have an adequate understanding on a certain NOS aspect
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(right). As was evidenced in this study, participants having adequate views on

tentative, inferential, subjective, and creative nature of science had subscribed to an

indeterminist perspective on human knowledge about the natural world. On the

other hand, the lines with the symbol of"-" are to indicate that respondents who

held a certain woridview presupposition tended to have a naïve NOS conception.

As was discussed above, participants who showed a tendency toward seeking

authority's opinion to solve problem were more likely to overlook the empirical

basis of science and value less on the role of human creativity in the development

of scientific knowledge. In addition, participants who provided pragmatist

comments on the human-Nature relationship were likely to speak of science as

equivalent to technology rather than to emphasize its empirical nature. It is likely

that these patterns are revealed in people's epistemological beliefs about

knowledge.

The other implicit pattern that occurred in the participants' responses is related

to time orientations. Participants who held informed NOS views were more likely

to choose time areas other than the present, while those with naïve views were

more likely to choose the present or future and justify their choices with the notion

of "controllable." Upon in-depth examination of participants' views, an

impression is obtained that the former group of participants were either reflective or

goal-orientated while the latter ones seemed to emphasize immediate experiences

encountered in the present moment. This pattern may reflect participants'

idiosyncratic differences in answering the woridview and NOS questions.

As can be seen in the previous discussion, science education and mathematics

education students are revealed to have two different academic cultures according

to their different woridview presuppositions. NOS assessment exposed further

discrepancies between the understandings of participants from different

departments. "Worldview" is a word defined as a set of beliefs about the basic

nature of reality. Lawrenz and Gray's study (1995) implied that a learner who

holds a certain woridview would likely choose a discipline the inherent values of
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which would suit his beliefs so that his original presuppositions could be

strengthened by the discipline. Thus, a tentative claim based on this investigation

could be made that a learner's worldview, after being supported by his education,

helps reinforce or prohibit his inclination to accept certain epistemological beliefs

about certain disciplines; or, one's worldview could predispose one to pursue or

accept knowledge that reconciles with one's epistemological beliefs about certain

disciplines. Of course, this claim needs further examination and validation.

Limitations of the Study

As with all research studies, the present study is subject to several limitations

inherent in the sample and methodology. First, the results reported are not

generalizable beyond the participants and context of this study. The participants

were recruited from a teachers college in central Taiwan. Moreover, as discussed

earlier, the participants were volunteers, not necessarily representative of other

students in their departments, or even any larger population of preservice

elementary teachers in Taiwan. Due to the location of the studied college, a

relatively large majority of students lived in central Taiwan for most of their lives.

Their life styles and experiences may differ from those who were fostered in other

areas of Taiwan. Teacher education programs offered by other teachers colleges

could also form different cultures so that student NOS conceptions, and perhaps

worldviews, might be different. One should, therefore, be cautious when

extrapolating the findings of this study.

Second, 11 participants withdrew from the investigation during the second

stage of data collection. These students' NOS conceptions were not assessed.

Analysis of the demographic profiles of entire sample did not show significant

alteration caused by these dropouts. However, comparisons of woridview

responses presented a considerable discrepancy, with more of the participants who

constructed technical classification systems withdrawing from this study. Of these

participants, the majority were mathematics education majors, so it is possible that
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those students less likely to continue with this investigation had different

woridview and NOS conceptions.

Third, interpretation of woridview and NOS conceptions was initially based

on written data to generate patterns of participants' views. To validate written

responses and allow richer interpretations, a second round of analysis was heavily

dependent on the interview data of 14 selected participants. As noted earlier,

these interviewees were chosen based on their varying responses to the woridview

questions. For better delineating their lines of thought on woridviews and the

NOS, the same 14 students were interviewed again at the second phase of data

collection. According to this, one may argue that the generalizations derived from

the interviewees' NOS views caimot be conclusively applied to other

non-interviewed participants. However, these interviewed participants

represented about one third of the NOS respondents and their NOS views covered a

range of beliefs expressed by others in the entire sample. In Chapter [V the data

sources such as written responses to the questionnaires, interview excerpts, and the

researcher's interpretations to the interviewed cases, which were used to derive

generalizations, are reported in detail. Considering all of these efforts, concern

about this study's limitations in this third area may be somewhat mitigated.

Another limitation involves the validity of the woridview questionnaire. The

present study adapted and compiled the questions that have been used in other

studies to best serve the project goal. The face and content validity was

established by obtaining reviewers' agreements and pilot-test results. Furthermore,

the fact that the instrumentation elicited resourceful responses from the participants

for generating categorizations related to the theoretical framework further supports

its validity. Owing to the innovative nature of this questionnaire, however,

subsequent investigation and refinement will be required to improve the instrument.

As many researchers (e.g. Cobern, 1991; Lawrenz & Gray, 1995) in this field

suggested, worldview research in science education is still at an initial stage.

There are no general agreements upon methods for gathering woridview data
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among researchers. In this investigation, interpretation of participants'

worldviews was generally based on written responses to the open-ended questions.

As mentioned earlier, follow-up interviews were pursued in order to validate the

researcher's analyses on the written responses. Yet, within a limited research time

frame, participants may not be provided enough opportunities to expand on their

deep-seated beliefs and some of them were probably not reflective enough to be

able to comment on the ideas raised in the questionnaire. Furthermore, readers

should be notified the context-dependent nature of this worldview assessment.

The researcher in this study was aware of fluidity and inconsistency of woridview

responses provided by some participants and also was sensitive to the fact that the

meaning a respondent ascribes to a thing (or a term) may change in a different

context. Therefore, the reported findings might not be fully applied to other

contexts or the events occurred at different moments.

Finally, the researcher was the main instrument of data analysis. It is

inevitable that the results are infused with some components of the researcher's

experiences, beliefs, and biases. Such impacts could be reduced with two efforts.

First, the section "About the researcher" presented in Chapter III might provide

useful information for judging the researcher's interpretations of the findings and

conclusions. Second, the data matrices in the Appendices, interview excerpts, and

case reports might further help readers make judgments regarding the validity of

the reported results. A different analysis scheme could certainly be applied to

explore the data. Indeed, the intent of this study is to introduce an interpretive

model to delineate people's worldviews and NOS understandings, and hopefully to

arouse a line of research in this field so that the external validity of the findings

could be improved.



210

Implications for Teaching and Teacher Education

Currently, a major shift of emphasis in science curriculum development is

toward ensuring familiarity with the structure of scientific knowledge and the

processes of scientific inquiry (Hodson, 1993). The results of the present study,

consistent with the findings in other western and nonwestem countries (e.g.

Aikenhead & Otsuji, 2000; Haidar, 1999; Lederman, 1992), suggested that such a

goal demands much more effort in order to achieve. Participants' views of science

typically reflected the views that had been presented to them throughout the

curriculum of their past education. It is still common for the school curriculum in

Taiwan to present science as a body of absolute knowledge and to regard scientific

discovery as the outcome of the correct application of a rigorous, objective,

value-free, and powerful scientific method. This image of science will be

continuously passed onto students if no specific and rigorous attempts are made to

improve teachers' NOS understandings.

Science has long been introduced to nonwestern people in rational and

mechanistic terms. For learners who, like this study's participants, could be

considered "potential scientists" (Costa, 1995), this mechanistic woridview did not

seem to completely dominate their thinking. According to the woridview data,

more science education students held a holistic view of the world with a focus on

personal experiences and humanism than did mathematics education majors.

Some of them, while recognizing the conflicts between scientific worldview and

the holistic view of humanity's relationship with Nature, were more likely to

consider the limitations of scientific knowledge and accept the idea that science is a

human endeavor inevitably involving subjective and cultural components. These

particular individuals adopted ecological and sociological perspectives for

interpreting humanity's relationship with Nature and the epistemology of scientific

knowledge. From the outcomes of these cases, it can be expected that such an

understanding of the nature of science would be reinforced, as was advocated by

many multicultural science educators (Cobern, 1991; Hodson, 1993; Stanley &
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Brickhouse, 1994), by involving learners in reflective thinking about the

sociocultural influences of scientific and technological knowledge. In other words,

science and its woridview should be related to wider societal and cultural issues.

Besides the positive outcome for NOS understandings as discussed above, the

findings also indicated that a number of participants emphasized the practical

aspects of science, as well as the resource views of Nature. Such a pragmatist

philosophy is not strange to Chinese people. According to ancient Chinese sages,

such as Confucius, the accumulation of knowledge about the world is important for

survival and for managing the relationship between humanity and the environment.

Once science, along with technological advancement, presents people with an

image of modernity and economic advantage, people applaud its pragmatic and

materialist elements. Since the values of science and the goals of science

education have been prudently reconsidered, as is reflected in Hodson's assertion

that, "we can reorient our science and technology away from the reckless pursuit of

economic growth toward more humanitarian ends and toward the solving of current

environmental problems and the establishment of environmentally sustainable

technological practices" (1993, p. 706). The pragmatic perspective of science and

Nature provided by the participants should catch science educators' attention.

Should we allow the notion that "science causes economic progress" to become the

main focus of science education, while this causal link has been questioned (Drori,

1998)? This issue needs to be put on the board for Taiwanese science educators

and policy makers to evaluate the nature of current science instructions and to

rethink the goal of science education, especially while the country is under a major

educational reform attempting to align it with international trends.

Research concerning cultural contexts has reported negative effects of

traditional culture on learners in non-western countries with respect to their

learning science (Allen & Crawley, 1998; Waldrip & Taylor, 1999) and conceptions

of the nature of science (Ogunniyi, et al., 1995; Shumba, 1999). Authoritarianism

is one of the cultural characteristics found to be a crucial factor hindering learners
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from deeply reflecting on the characteristics of the development of scientific

knowledge, and also prohibiting them from searching for empirical evidence to

solve problems. It could also impose effects on teachers' teaching strategies and

classroom discourses. In the discipline of science, creativity open-mindedness,

and critical thinking are valued. In addition, one should know that scientific

explanations to natural phenomena are formed by accumulation of empirical

evidence, not the biblical knowledge or authority's opinions. It was shown in the

findings that these values and attitudes, inherent to science, are not automatically

presented to learners through merely increasing their scientific knowledge. Much

more time needs to be spent for learners to explore what evidence is available for a

scientific claim. The use of inquiry in science instruction promises the

effectiveness of improving learners' understandings of NOS (AAAS, 1993; NRC,

1996). Consequently, for teacher education, there is a need to incorporate a

scientific inquiry-based teaching model in teacher preparation and professional

development programs by involving teachers in solving science-related problems

through the inquiry processes.

Another implication of this study for teacher education, especially in

nonwestern cultures, is that the cultural aspects of science need to be conveyed to

teachers. As science learners, some of these preservice teachers have experienced

and recognized the "borders" between their own beliefs (woridviews) and the

culture of school science. According to Aikenhead (1996), if a teacher is more

aware of the differences between science culture and their own culture, he/she is

enabled to act as a "cultural broker" to help students learn science in the classroom.

As advocated by many reform documents (NRC, 1996) and researchers in the field

of multicultural science education (Aikenhead, & Otsuji, 2000; Atwater & Riley,

1993; Lee, 1997), developing an understanding of the NOS is a prerequisite to

teaching "science for all." Thus, the challenge to science teacher educators is to

acknowledge potential cultural clashes in their science classrooms and science

methods classes, as well as to help preservice and inservice teachers develop
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culturally sensitive science instructions for their future practices. In reflecting

upon the results of the present study, it seems that examining learners'

presuppositions of humanity's relationship with Nature, for example, might serve

as a reference for instructional materials regarding ecological conservation and for

discourses about the cultural differences in viewing the world. Incorporating

discussions about indigenous knowledge such as Chinese medicine, or historical

episodes of the development of some scientific constructs with explicit instructions

of the NOS (Akerson, Abd-El-Khalick, & Lederman, 2000) could also effectively

raise teachers' awareness of cultural perspectives in science.

In summary, this study provided some insight into the worldviews and NOS

conceptions of Taiwanese preservice elementary teachers. The findings showed

that they held diverse views, some of which did not accord with the scientific

worldview generally conveyed by Western culture. Results concerning the

participants' cultural-dependent perspectives of science, which were elicited from

their worldview responses, could offer valuable information for science teacher

education. People with different woridviews may have differing views about

science; such differences need to be acknowledged and incorporated into

curriculum development and teacher education programs in order to meet the goal

of science education in the country. Emphasis on teaching "science as inquiry"

and describing "science as culture" is the major implication suggested by this study.

Science educators should consider the possibility of incorporating sociocultural

perspectives in science instruction and the need of introducing contemporary

conceptions of the NOS to science learners.

Recommendations for Future Research

This investigation proposes an emergent interpretive framework, an

anthropocentric versus moderate continuum for describing Taiwanese students'

conceptualization of the natural world. Based on the continuum, participants'
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understandings of NOS are likely to be illustrated in relation to their beliefs about

knowledge and reality. The findings of the present study support the idea that

using open-ended questions followed by semi-structured interviews may be useful

in future studies to assess people's woridviews, particularly views of the

human-Nature relationship, and NOS conceptions. In the following, the

recommendations regarding extension of research and refinement of instruments

are provided.

As indicated earlier, the interrelationship between a learner's worldview and

NOS conceptions might exist, but not be explicit and straightforward. The present

study revealed the between-group differences in participants' responses to the

worldview and NOS questionnaires. Semi-structured interviews with a focus on

deliberating participants' general epistemologies of knowledge generated more

fruitful information, which could be used to interpret their views of science as a

discipline of inquiry about the world. For example, some participants showed

flexibility in accepting the tentative nature of human knowledge about the nature of

the world and science. However, such a pattern might be an artifact of the

interviewed participants' idiosyncratic ideas rather than a reflection of a more

general trend of thought for a larger population. It might be necessary to test the

generalizability of this pattern in future research. A series of questions might be

designed with focuses on assessing learners' epistemological beliefs about

knowledge in general, and about scientific knowledge in particular, to ascertain the

relationship.

The findings of this study implied that participants having a tendency toward

authoritarianism were more likely to have naïve understandings of the NOS.

However, responses to the worldview causality item and the NOS cultural-specific

question were not inherently consistent. Submission-to-authority is one of the

well-known cultural characteristics in Chinese society. It is still not clear whether

participants considered "respecting the wisdom of their elders" as being crucial for

learning in general, or if it is context dependent. Refinement of the question item
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might be accomplished by adding authentic socio-scientific issues and scientists'

traits, such as age and experience, with decision-making tasks, to assess

respondents' orientations toward authoritarianism.

Involving socio-scientific issues in the assessment of the NOS could be

referred to in the study conducted by Zeidler, et al. (1999) in that students' views of

the NOS were probed through dialogic reasoning on moral and ethical issues.

Requesting students to compare Chinese and Western medicines, as the present

study did, provides an alternative topic for Chinese students to discuss the

development of scientific knowledge, and to further challenge their interpretations

of the word "science" (or "scientific"). Cobern (1995) had also used similar

medical issues (see his TOPE item #18) to assess whether a learner has

scientifically compatible causal thinking. It is assumed that research on

conceptual change regarding science learning in general, and NOS understandings

in particular, might benefit from taking into consideration the woridview

presuppositions that a learner brings into the context.

Further research attention could be paid to studying a learner's metaphysical

concepts and how these concepts impede or enhance his/her understanding of

scientific practice. In the present study, especially regarding the issue of causality,

many participants voluntarily adopted evolutionary theories (implying their

acceptance of natural selection), although their responses demonstrated teleological

thinking. According to Rudolph and Stewart (1998), such teleological thinking

might be triggered by students' misconceptions of a "single" scientific method and

believes in a narrow model of science, and instruction of the kind that might hinder

the effectiveness of teaching biology, especially evolution. While the present

study was not conducted to teach students contemporary NOS views, future

research involving NOS instruction and incorporating discussion of cultural

perspectives and metaphysical concepts, such as evolution, would be merited.

As was argued in the first chapter, teachers' social and cultural values might

affect their implementation of the curriculum. Furthermore, many researchers
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believed that NOS knowledge might play a vital role in directing teachers'

instructional practices. Yet, the translation of teachers' NOS conceptions into

practice, as seen in relevant studies (Abd-El-.Khalick & Lederman, 2000; Lederman,

1999), may involve other factors. The findings in the present study revealed the

interplay between the preservice teachers' sociocultural beliefs and their NOS

conceptions. Research efforts should be extended to seek specific patterns

existing in the interactions of NOS conceptions and worldviews. Such research

would be useful for science teacher educators to identify what sociocultural factors

influence science learners' views about science and their interpretations of NOS

knowledge. Further research attention could be directed toward studying whether

science teachers project their sociocultural interpretations of science into classroom

discourses. If yes, how and to what extent do they incorporate such

interpretations into their science teaching? Furthermore, if a certain view of

science is identified as undesired or misrepresented, special efforts should be made

to explore effective programs for informing teachers about the nature and practice

of science.
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APPENDIX A

BIOGRAPHICAL QUESTIONNAIRE

Name: Class:

Gender: Female Male

Age:

Year in Teacher Education Program

Major (Department):

Which academic track did you choose when you were in high school:

LI] Liberal Art Science & Mathematics

What test subjects have you taken for College Entrance Examination?

Home Location: County City Town

Do you have religious belief? Ij Yes No

If yes, please specify:

Do you have any kind of teaching experience before entering this program?

Yes LII No If yes, please briefly describe:
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APPENDIX B

WORLD VIEW QUESTIONNAIRE

1. When speaking of "Nature," what are the impressions that come to your mind?

The following four questions are to ask your thinking about Nature.

1-1. Can human beings know all of the things about Nature? Why can or why

cannot? Please provide some examples.

1-2. What sorts of things can humans know about Nature and how do these

things become known?

1-3. What kind of relationship, in your opinion, do humans need to establish

with Nature?

1-4. Do you agree or disagree with this statement - "Man can conquer Nature"?

Please explain why you made that choice.

[This comprehensive item including several stimulus questions is intended to elicit

respondents 'worldview related to Relationship category in Kearney 's model. The

focus of the first and second stimulus questions is on respondents 'views about how

humans acquire knowledge about the natural world. The third and fourth questions

directly ask respondents 'opinions regarding the interactions between human beings

and the natural world. The statement used in the fourth question is translated into a

Chinese idiom. However people could interpret this idiom in dfferent ways; some

might reflect the power and ability of human, some would comment on human

relationship with Nature.]
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2. When you consider areas of time the past, the present, and the future, which

one is more important than the other two? Please explain why.

[Item #2 specfically focuses on examining respondents 'orientation ofpast,

present, or future. Research about Chinese culture revealed that past orientation

is one of Chinese people perceptions of time. Lawrenz and Gray's study

indicated that respondents tended to choose present and future and justfled with

"ability to control it." They inferred that the notion of control is related to

believing in controlled experiments as evidence for making decisions.]

3. Imagine you had to categorize all of the phenomena in the universe. Please give

a name for each category you develop and illustrate each category with some

examples.

[This question elicits responses regarding the Classflcation category by asking

respondents to organize the phenomenal world. Examination of the ClassfIcation

category will yield two types of information. One of these is the content of the

domains, and the other is the criteria or attributes by which these contents are

grouped together into common domains.]
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4. Imagine you are walking to school one morning and you notice a strong haze

that has never happened before. What could be a reason for this haze? How

would you show to someone that your explanation is a correct one?

[This item in combination with item #5 is designed to gather responses related to

Causality woridview category. This item contains a special weather phenomenon

that might elicit responses with mysterious components. Respondents will be asked

to provide a way ofproving the cause of the phenomenon. Responses for the cause

of this natural phenomenon can be diverse. The proofs for the explanations could

be distributed in the continuum of empirical and common sense, according to

Kearney 'S categorization.]
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5. The goal that geologists have long had is to acquire enough knowledge about

earthquakes so that they can be anticipated hours or even days in advance. Now

it has been discovered that many animals can do just that. The geologists are

still unsure about just how a particular animal senses a quake coming but there

are two theories:

A. There are many things in the environment that animals sense such as danger

or changes in the weather. This is an ability that modem people have lost

due to their remoteness from nature and reliance upon technology.

B. It has now been learned that there are slight almost imperceptible

pre-tremors that come hours, sometimes days before a major quake. These

pre-tremors are noticed by animals, particularly grazing animals, which then

become quite nervous.

Which of the above explanations would you be more willing to accept? Please

evaluate or describe your opinions about these two explanations.

[This item is modfled from one of Cobern's (1997) TOPE items. TOPE items

were developed to distinguish woridview variations in the Causality categoiy.

This item is chosen because Taiwanese people have many experiences with

earthquake. After selecting one explanation or rejecting any, respondents will

be asked to evaluate those explanations. This would provide respondents

opportunities to elaborate on their own opinions about this issue.]
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APPENDIX C

NATURE OF SCIENCE QUESTIONNAIRE

Dear Colleagues,

My name is Shiang-Yao Liu. I am a doctoral student in Science Education at

Oregon State University. Thanks for participating in my investigation and

completing the previous questionnaire (worldview) for me.

This questionnaire is in an attempt to examine how your views of, and thinking

about science. The items in this questionnaire are not to assess your knowledge of

the subject matter of science, but rather to gather your viewpoints about what

science is, how it is practiced, the characteristics that represent the scientific

enterprise and its discipline, and the characteristics of scientific knowledge.

There are total nine items in this questionnaire. You must be assured that there is

no "right" or "wrong" answer to any of these questions. Only are your personal

views on these issues about science of most interest to the investigator. Please

answer the questions starting from the next page. You may use the back of a page if

you need more space.

Again, you should be noted that your written materials will be kept strictly

confidential. None of the information you provide on this questionnaire will affect

your grades of any course. However, the information that you provide me will be

extremely valuable to my study. Thank you in advance for taking the time to

complete this questionnaire.
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NATURE OF SCIENCE QUESTIONNAIRE (cont.)

Instructions:

Please answer each of the following questions. Include relevant examples

whenever possible. You may use the back of a page if you need more space.

There are no "right" or "wrong" answers to the following questions. I am only

interested in your opinion on a number of issues about science.

1. What, in your view, is science? What makes science (or a scientific discipline

such as physics, biology, etc.) different from other disciplines of inquiry (e.g.

religion, philosophy, or art)?

2. Science textbooks often represent the atom as a central nucleus composed of

protons (positively charged particles) and neutrons (neutral particles) with

electrons (negatively charged particles) orbiting that nucleus. How certain are

scientists about the structure of the atom? What specific evidence, or types of

evidence, do you think scientists used to determine what an atom looks like?

3. Is there a difference between scientific theories and scientific laws? Give an

example to illustrate your answer.
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4. After scientists developed a scientific theory, does the theory ever change?

- If you believe that scientific theories do not change, explain why with

examples.

- If you believe that scientific theories changed:

(a) Explain why theories change?

(b) Explain why we bother to learn scientific theories.

5. Scientists perform investigations when trying to solve problems. Do scientists

use their creativity and imagination during their investigations?

- If yes, then at which stages of the investigations do you believe that

scientists use their imagination and creativity: planning and design; data

collection; after data collection? Please explain why scientists use

imagination and creativity. Provide examples if appropriate.

- If you believe that scientists do not use imagination and creativity, please

explain why. Provide examples if appropriate.

6. In the recent past, astronomers differed greatly in their predictions of the

ultimate fate of the universe. Some astronomers believed that the universe is

expanding while others believed that it is shrinking; still others believed that the

universe is in a static state without any expansion or shrinkage. How were these

different conclusions possible if the astronomers were all looking at the same

experiments and data?



236

7. Some claim that science is blended with the social and cultural values. That is,

science reflects the social and political values, philosophical assumptions, and

intellectual norms of the culture in which it is practiced. Others claim that

science is universal. That is, science transcends national and cultural boundaries

and is not affected by social, political, and philosophical values, and intellectual

norms of the culture in which it is practiced.

- Which one do you believe? Explain why and defend your answer with

example.

8. When you have a chronic disease, which kind of medical treatment would you

choose to use, Chinese medicine or Western medicine? Describe your reason. In

your view, is there a difference between knowledge verifying the effectiveness

of Chinese medicine and that of Western medicine? Someone says, "Chinese

medicine is not scientific." What is your comment on this statement?

9. An elder scientist and a younger scientist both engage in the same field of

scientific research (e.g. environmental science) and their achievements have

been recognized in the scientific community. However, they hold different

views on an environmental issue. Whose view are you most likely to accept if

you are required to take a stand? Explain your idea.
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INVITATION LETTER

Dear
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My name is Liu, Shiang-Yao. I am a doctoral student at Oregon State
University, the United States. I am beginning my dissertation research and would
like to ask for your help in my investigation.

Since I currently study overseas, I am deeply interested in how cultural
background that people possess might influence their ways of thinking and learning
about certain disciplines. I have had five-year elementary teaching experiences in
Taiwan since I graduated from this Junior Teachers College. I just learned that there
recently are several reform movements going on and affecting elementary
education. I am very concerned about the implementation of integrated curriculum
in elementary classrooms. My research project will begin at understanding your
cultural beliefs about the natural world and perceptions of time, space, and causality.
Hopefully, the findings of this investigation will provide our education community
information regarding how to implement the reform objectives of interdisciplinary
integration and how to develop curricula that involve our cultural characteristics.

In this investigation, you will be asked to complete two open-ended
questionnaires. There are no "right" or "wrong" answers to all of the questions. I
encourage you to express your own opinions about the topics and provide as much
information as possible to the questionnaires. In addition to the questionnaire, I will
contact some of you for interviews. In the interview, I will ask you about what you
have written in your questionnaire. The interview will typically last for about 45
minutes.

All information gathered from questionnaires and interviews will be
maintained confidential. All the data sources will be kept in a locked location and
will not be shared with anyone other than the investigator and her advisor. Any
publications that result from this investigation will use pseudonyms to maintain the
anonymity of the participants. Your participation in this research project is highly
appreciated. Also, participation in the study will have no effect on your grade in
any of your class.

The information that you will provide through your participation is extremely
valuable to my study. I would like to thank you in advance for taking the time to
help me in this investigation.

For any questions please do not hesitate to contact me at liush@ucs.orst.edu or
04-725-4541 (Taiwan).



APPENDIX E

INFORMED CONSENT FORM

Dear
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My name is Liu, Shiang-Yao. I am a doctoral student in science education at
Oregon State University, Oregon, the United States. I am beginning my dissertation
research and would like to ask for your help in my investigation. My research is
concerned with the people's views about the world and their conceptions of the
nature of science.

Participation will be in the Fall semester, 2001. I will interview you twice
during my investigation. Each interview will last about 45 minutes. In the
interviews, I will ask you about what you have written in your questionnaires.

I will need to audiotape and transcribe the interviews for subsequent analysis.
Confidentiality will be maintained through the use of coding and by keeping the
audio-tapes and questionnaire responses in a locked location. My major professor
and I will be the only persons with access to the data. Any publications that result
from this investigation will use pseudonyms to maintain the anonymity of the
participants.

Participation is voluntary. You may withdraw from the investigation at any
time. However, your participation is highly appreciated and extremely helpful to
my study.

If you have questions about the research and procedure you can contact me at
liush@ucs.orst.edu (04-725-454 1, Taiwan) or Professor Norman Lederman at
ledermann@iit.edu. Questions about personal right should be directed to the IRB
coordinator, OSU Research Office, 1-541- 737-3437 (USA).

Thank you for taking the time to participate in this research project.

My signature below indicates that I have read and understand the procedure
described above and that I give my informed and voluntary consent to participate in
this study. I understand that I will receive a signed copy of this consent form.

Signature

or

Date

Phone Number Email Address
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APPENDIX F

PARTICIPANT CONCEPTUALIZATION OF NATURE (RAW DATA)

Table F-i: Views of Self sorted by Views of Relationship and Majors

a Viewb Dominant Survive Science Practical Experience Limited Uncertain
P X X

S09 P X X

S19 P X X

520 P X

M06P XMbP X

M14P X

M25 P X xio_______
0 X X

5133 0 X X

S21 0 X XS240 X X

S05 A X X

S08 A X

S12 A X X

S16 A X X

S17A X

S22 A X X X

S25A X

MOl A X X

M02 A X X

M04 A

M07A X X

M08A X

M09A X

Mu A X X

MUA
Mb3 A X X

Mb5 A X X X

M16A X

M19A X

M20 A X X

M2bA X

M22 A X X X
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View" DominantSurvive Science Practical ExperiencelLimitedUncertain
M24 A X

M27 A X X

M28 A X X

SOl M X X

S02 M X X

SO6M X

SUM X

S14 M X X

SI5M X

SI8M X

S23M X

M29M X

MO5M X

M17M X

M23 M X X

S03? X

M03 ? X

M18________
M26 ? X

Identification number for each student. The letter of "S" or "M" represents
students' major in science education or mathematics education.
b This column lists students' views of human relationship with Nature. Each letter
represents one type of view:
P- Humans should protect Nature
A- Humans should coexist with Nature containing applied concepts
M- Humans should coexist with Nature containing moderate attitudes
0- Humans should obey Nature
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APPENDIX F (Continued)

PARTICIPANT CONCEPTUALIZATION OF NATURE (RAW DATA)

Table F-2: Descriptions about Nature sorted by Views of Relationship and Majors

a Viewb God Destroyed Resource Knowable Changeable Powerful Living
507 P X
S09P X
519 P X
S20 P X X
v106 P X

x
P X x

x
504 0 X

SL0 X

S___ 0 X

S21 0 X X
524 0 X

S05 A X X
S08A X

SL2A X

S16A X
517 A X
S22A X

S25 A X X
401 A X

v102 A X X

v104A X

v107A X
408 A

v109A X

vu! A X X

v112 A

vI!3 A X X

v115A x

v116A X

v119A x

v120 A X X X
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a View' God Destroyed Resource Knowable Changeable Powerful Living
i121A X

'I22 A X
,124 A X

427 A X X
i128 A

SOl M X

S02 M
S06 M X X
Sil M X

S14 M X
S15 M X
S8M X

S23M X
429 M X
405 M
417 M X X
423 M
S03? X
403 ? X X
418 ?

v126 ?

a Identification number for each student. The letter of "S" or "M" represents
students' major in science education or mathematics education.
b This column lists students' views of human relationship with Nature. Each letter
represents one type of view:
A- Humans should coexist with Nature containing applied concepts
M- Humans should coexist with Nature containing moderate attitudes
0- Humans should obey Nature
P- Humans should protect Nature
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APPENDIX G

A DIAGRAM IN BIOLOGY TEXTBOOK
Illustrated the Relationship Between Scientific Theories and Laws

1-10, to
(See next page for English translation)
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APPENDIX G (Continued)

Make observations

Ask questions

Propose a hypothesis

4!

Do experiments

Retest Discard

Form a theory
I

4!

Retest

4!

Formalaw
I

The Formation of A Scientific Law
Biology for Seventh Graders (NICT, 1996)
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APPENDIX I

DEMOGRAPHIC INFORMATION OF SELECTED INTERVIEWEES

Matriculation Home
Stda Gender Age Examination b Location Religion

S9 F 20 JCEE biology included Central Suburban

Sb M 20 JCEE biology excluded Central Suburban Christianity

Si 1 F 20 JCEE biology included Central Urban Buddhism

S12 M 20 JCEE biology excluded South Suburban

S13 M 21 JCEE biology excluded South Urban Taoism

S18 M 21 JCEE biology included Central Urban

S22 M 21 JCEE biology excluded
social studies included

Central Rural Taoism

M6 F 20 JCEE biology included Central Urban Christianity

M7 M 22 JCEE biology excluded North Urban Taoism

Mi3 F 20 JCEE biology included South Rural

Mi4 F 21 Recommendation South Rural

Mi 5 F 21 JCEE biology included Central Suburban

M22 M 20 JCEE biology included South Rural Catholic

M27 M 20 JCEE biology excluded North Suburban
a Identification number for each student. The letter of "5" or "M" represents

students' major in science education or mathematics education.
b

JCEE stands for the national Joint College Entrance Examination in Taiwan.
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APPENDIX J

WORLD VIE WS OF SELECTED iNTERVIEWEES

Woridview Domains*

Human-Nature
Relationship

Concept of
Time

Classification
System

Causal Thinking
Proving Scientflc
a cause compatibility

S9 Protect Present Inside Explanation B

SlO Obey Future - Manipulation B

Si 1 Coexist M Present Inside If-then A

S12 Coexist M Future Outside Explanation B

Si 3 Obey Past Outside Manipulation A

S18 Coexist M Present Outside Manipulation A

S22 CoexistA Past Outside Explanation A

M6 Protect Present Outside Ask authority A

M7 Coexist A Future Outside Manipulation A

Ml 3 CoexistA Future Inside Ask authority A

M14 Protect Present - Explanation B

Ml 5 Coexist A Present Inside Ask authority B

M22 Coexist A Present Outside Explanation B

M27 Coexist A Present - Explanation A
*Illustrations of the codes for each woridview domain list in the nextpage:
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APPENDIX J (Cont.)

Illustrations of the codes for each woridview category

- Human-Nature relationship

Protect: view that humans should protect Nature (Anthropocentric view)

Obey: view that humans should obey Nature's order (Moderate view)

Coexist-M: moderate view that humans should coexist with Nature

Coexist-A: pragmatic (applied) view that humans should coexist with Nature

- Concept of time: participants' choices of which time unit, past, present, and

future is more important than the others.

- Classification system

Inside: participants who classified human beings into the classification system

they created

Outside: participants who grouped things based on human values or ability of

knowing

- Causal thinking

Proving a cause: participants were asked to write a method to prove their

explanation. Categories include giving a textbook-based "explanation,"

ask "authority's" opinions, show evidence with "manipulations", and

give an "if-then" proposition.

Scientific Compatibility: participants selected one of the explanations for the

issue that animals could detect earthquakes. Answer "A" is

scientifically less compatible, while "B" is scientifically more

compatible.




