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Professionals in a variety of disciplines have stressed the importance of 

advancing the scientific literacy of all citizens in a democratic and science- and 

technology-based society. Taiwan has been striving hard to advance its 

democracy and heavily relies on a knowledge-based economy. The high rank 

Taiwan receives in international comparisons demonstrates Taiwan’s high 

achievement in science at the middle school level. However, no empirical 

evidence has been collected to examine whether this high achievement at the 

middle school level promises a high level of scientific literacy in adults. This 

study investigated the level of scientific literacy of Taiwanese graduate students 

using Miller’s framework of three dimensions of civic scientific literacy, 

including: (1) a vocabulary of basic scientific constructs, (2) an understanding 

of the process of scientific inquiry, and (3) some level of understanding of the 

impact of science and technology on individuals and on society. 
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A web-based questionnaire was employed to survey Taiwanese graduate 

students studying in three different types of graduate schools and eleven 

academic fields. A total of 525 responses were collected. In addition, following 

the survey, eight participants were purposefully selected for individual 

interviews in order to obtain additional information on participants’ scientific 

literacy. Descriptive statistical analyses were computed to summarize the 

participants’ overall responses to each of the survey sections. Regression 

models using dummy coding of categorical variables (i.e., gender, school type, 

and academic areas) were performed to examine whether significant differences 

exist among different groups. The major findings suggest that: (1) Taiwanese 

graduate students’ civic scientific literacy is not at a satisfactory level; (2) the 

participants carry mixed attitudes toward science and technology; (3) 

Taiwanese graduate students are not very attentive to new information of 

science and technology; (4) all three categorical variables had an impact on the 

participants’ understanding of basic scientific constructs, while only school type 

had an effect on the participants’ understanding of the scientific inquiry 

process; and (5) the interview results did not support the survey results. 

The researcher suggests that further studies are required to determine the 

reasons behind these findings.  
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CHAPTER 1 

INTRODUCTION 

General Background of the Study 

The importance and necessity of advancing scientific literacy among 

modern citizens has been widely agreed upon by professionals across various 

disciplines (BouFaoude, 2002; Laugksch, 2000). The world has become more 

and more scientifically and technologically based, and scientific literacy is 

commonly justified across the scope of individuals, social characteristics, and 

national economics. More than four decades ago, Hurd (1958), seeing the 

progress of science and technology in the inventions of nuclear fission and 

synthetic chemicals such as plastics and pesticides, biotics and detergents, 

pointed out that “science with its applications in technology has become the 

most characteristic feature of modern society” (p.13). On a basic level, 

individuals require a basic knowledge of science and technology to process the 

ever increasing information of science and technology entering their daily lives. 

Furthermore, a democratic society relies on its citizens having some level of 

understanding of science and technology in order to participate in the public 

debate and decision making process of scientifically or technologically related 

policies (Miller, 1983, 1987; O’Hearn, 1976; Pella, 1976; Shen, 1975). In 

addition, advances in modern science and technology have created a workplace 

which demands its laborers possess the ability to interact with new 

technological inventions. Sustaining the advance of science and technology is 
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vital for a nation to maintain competitiveness in the global market (Agin, 1974; 

Evans, 1970).  

While many scholars agree on the importance and necessity of enhancing 

scientific literacy among the public, they have not yet reached a consensus on 

the question of the scope and content of “scientific literacy”. In 1966, Pella, 

O’Hearn, and Gale (1966) characterized a scientifically literate individual as 

one with an “understanding of (a) the basic concepts of science, (b) the nature 

of science, (c) the ethics that control the scientist in his work, (d) the 

interrelationships of science and society, (e) the interrelationships of science 

and humanities, and (f) the differences between science and technology” (p. 

206). Other scholars might agree with the six characteristic categories of 

scientific literacy that Pella et al., (1966) brought up; nevertheless, they may 

have different points of view on what constitutes basic concepts of science, 

what the nature of science is, what the ethical standards that regulate scientific 

endeavors are, and to what extent a citizen should be aware of the 

interrelationships between science, society, and humanities, and also the 

differences between science and technology (Carleton, 1963; Evans, 1970; 

Hinman, 1998; Koballa, Kemp, & Evans, 1997; Shamos, 1995). 

Shen (1975) in the article, Science literacy: the public need, came up with 

three distinct but related forms of scientific literacy: the practical, the civic, and 

the cultural. According to him, practical scientific literacy was concerned with 

the practical problems an individual was likely to encounter in his/her daily life, 
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especially in the two most basic aspects of human need: health and survival. 

Civic scientific literacy referred to the ability the public required in order to 

sustain and advance a democratic and technological society. Cultural scientific 

literacy involved an individual’s deeper interactions with science. 

Later on Miller (1983, 1987, 1992, 1998) borrowed the term “civic 

scientific literacy” to mean the level of citizens’ understanding of science. 

Miller (1983, 1992, 1998) suggested that civic scientific literacy should be 

conceptualized as involving three related dimensions. The first dimension was a 

vocabulary of basic scientific constructs sufficient for reading competing views 

in a newspaper or magazine. The second dimension was an understanding of 

the process or nature of scientific inquiry. The third dimension was some level 

of understanding of the impact of science and technology on individuals and 

society. In addition to highlighting these three dimensions of civic scientific 

literacy, Miller further designed item pools to survey American adults regarding 

their level of civic scientific literacy for each of his three dimensions.  

Miller’s survey work grew out of his responsibility for the design of the 

“Survey of Public Attitudes Toward and Understanding of Science and 

Technology” (SPAUST) in 1979. The SPAUST is a biennial survey sponsored 

by the National Science Foundation (NSF) and begun in 1972. The survey 

results revealed that while American adults showed high interest in information 

of new scientific discoveries and new inventions and technologies (around 90% 

of respondents reported they were either moderately interested or very 
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interested in the preceding two issues), the percentage of scientifically literate 

people was relatively low; in the SPAUST conducted in 1995, only 12% of the 

survey respondents were qualified as scientifically literate (Miller, 1998). 

Miller’s framework for the measure of civic scientific literacy has been 

replicated in other national or multinational surveys (Durant, Evans, & Thomas, 

1989; Miller, 1992; Zhang, and Zhang, 1993). Survey studies conducted on 

adults outside of the U.S. claimed similar findings: the average level of 

scientific understanding is low and the researchers appealed that there is an 

urgency to improve the public’s level of scientific literacy. 

Two major approaches for achieving a high level of public scientific 

literacy are commonly suggested by scholars across different disciplines. The 

first is through science education in school (Evans, 1970; Hurd, 1958; Institute 

of Biology, 1998). The second relies on mass media (Miller, 1983, 1987; Shen, 

1975). The following section describes the development of science curricula for 

schools and then the advancement of scientific literacy in the media. 

 

Achieving Scientific Literacy through Science Education in School 

For years, scientific literacy has been a prevalent theme throughout the 

science education communities of many countries (BouFaoude, 2002; Institute 

of Biology, 1998; Laugksch & Spargo, 1996a). As Bybee (1997) put it, 

“The phrase ‘scientific literacy for all learners’ expresses the 
major goal of science education - to attain society’s aspirations 
and advance individual development within the context of 
science and technology. Certainly, most science educators rally 
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around this statement because it embodies the highest and most 
admirable goals of science teaching.” (p.69) 

Educators and policy makers have believed that science education is vital to 

enhancing students’ level of scientific literacy, which in turn will advance 

citizens’ level of scientific literacy. 

The argument for advancing scientific literacy in science education can be 

traced back as early as 1958. At that time, in an article titled, Science literacy: 

its meaning for American schools, Hurd (1958) argued that the United States 

had reached a critical moment for national science education. Hurd (1958) 

appealed that the curriculum workers needed to be able to devise the 

educational program which was able to maintain the balance of scientific, social, 

and economic forces. Hurd (1958) also argued that science education in school 

was expected to foster well-trained students to fulfill the needs of creative and 

technical manpower shortages. 

Although from the 1960s to the 1980s, many researchers and educators in 

the science education community explored the definition of scientific literacy 

(Agin, 1974; Carleton, 1963; Pella, O’Hearn, & Gale, 1966) and argued the 

urgency of developing science curricula that would equip all students with 

competent scientific literacy (Evans, 1970; O’Hearn, 1976; Pella, 1967), it was 

not until the late 1980s and early 1990s that several comprehensive science 

curricula guides were published. 

In 1989, the American Association for the Advancement of Science 

(AAAS) released probably the most exhaustive document about scientific 
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literacy to date: Science For All Americans (SFAA). This three-year 

collaborative product came from the effort of hundreds of scientists, 

mathematicians, engineers, physicians, philosophers, historians, and science 

educators. SFAA describes a scientifically literate person as “one who is aware 

that science, mathematics, and technology are independent human enterprises 

with strength and limitations; understands key concepts and principles of 

science, is familiar with the natural world and recognizes both its diversity and 

unity; and uses scientific knowledge and scientific ways of thinking for 

individual and social purposes” (Rutherford & Ahlgren, 1990, p.ix). The 

content of SFAA covered multiple perspectives in twelve domains of scientific 

literacy: (1) the nature of science, (2) the nature of mathematics, (3) the nature 

of technology, (4) the physical setting, (5) the living environment, (6) the 

human organism, (7) human society, (8) the designed world, (9) the 

mathematical world, (10) historical perspectives, (11) the common themes, and 

(12) habits of mind (AAAS, 1989).  

In 1993, AAAS released another significant publication, Benchmarks for 

Science Literacy. The contents of the twelve domains of scientific literacy were 

solidified into listed items of knowledge, skills, and abilities that students 

should acquire in the grade levels of (1) Kindergarten through grade 2, (2) 

grades 3 through 5, (4) grades 6 through 8, and (5) grades 9 through 12 (AAAS, 

1993). In 1996, the National Research Council (NRC) published the National 

Science Education Standards (NSES). The NSES regarded the promotion of 
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science literacy for all American students as the paramount goal of science 

education. It approached the goal by setting standards for six domains of 

science education (NRC, 1996). Since their release, the Benchmarks for Science 

Literacy and the NSES are not only the two most influential guidance materials 

for pre-college science education in the United States, but they are also widely 

referenced by educators and science curriculum developers in other countries 

(BouFaoude, 2002; Bybee & Champagne,1995; Laugksch & Spargo, 1996a).  

Although recognizing the importance of scientific literacy, Shamos (1995) 

has believed it is futile and unattainable to improve students’ scientific literacy 

via science education in school. Given that the spectrum of scientific literacy is 

so broad, Shamos (1995) doubted the feasibility of incorporating all domains of 

science at a sufficient depth in science education. In addition, Shamos (1995) 

argued that many students failed to retain the knowledge acquired in science 

classes, and needless to say their inability in applying the knowledge to enhance 

their citizenship. 

 

Mass Media and Civic Scientific Literacy 

While science education in school is commonly regarded as playing an 

essential role in fostering scientifically literate citizens, many scholars believe 

that mass media, such as newspapers, magazines, TV programs, broadcast, and 

the Internet, is crucial for providing adults who have left school with new 

information about science and technology (Miller,1983, 1998; Shen,1975). To 
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achieve a functional level of civic science literacy, Shen (1975) suggested two 

approaches. First, people should be given a better chance to interact with 

science and science-related issues. For students, creating the chance relied on 

more effective science education. For adults, mass media played an important 

role in communicating science and technology related issues to the public. 

Second, Shen (1975) suggested that specialists of science and technology 

should present science-related public issues to the public in plain language. The 

electronic and print media provide the bridge of communication for specialists 

in the fields of science and technology and lay people. 

Miller (1983, 1987), in addition to measuring the public’s level of the three 

dimensions of civic scientific literacy in the SPAUST, also surveyed the 

public’s interest in acquiring news of scientifically and technologically related 

issues, as well as to what extent the public were actually informed with news of 

scientifically and technologically related issues. According to Miller (1987), the 

attentive public, which means those individuals who are interested in the news 

of scientifically and technically related issues and are well informed about those 

issues, plays a critical role in the science and technology policy formulation 

process in a democratic society. When there are different views existing within 

a group of policy decision-makers or policy leaders, opinions of the attentive 

public become more significant.  

In brief, scientific literacy is widely regarded by researchers, educators, 

and policy-makers as a characteristic that every citizen in a modern democratic 
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society should possess. Although different researchers may have different 

definitions of scientific literacy, most of the researchers agree that pre-college 

(i.e., primary and secondary schools) science education is critical for preparing 

future scientifically literate citizens (BouFaoude, 2002; Hutton, 1996; Institute 

of Biology, 1998; Laugksch & Spargo, 1996a; Shen, 1975; Solomon, 1996). 

The emergence of the three important publications- Science for All Americans, 

Benchmark of Scientific Literacy, and National Science Education Standards, 

display the efforts made by American experts across a variety of fields for 

advancing the scientific literacy of American pupils through curricula of science. 

Mass media, as suggested by researchers, are important in providing adult 

citizens new information about scientifically and technologically related issues 

(Miller, 1983, 1987; Shen, 1975). In a democratic society, obtaining 

information about science and technology from mass media is crucial for the 

attentive public to participating in the policy-making process of scientifically 

and technologically related events. 

 

Education in Taiwan 

The Educational System of Taiwan 

Education is highly valued by the public in Taiwan. Over the past five 

decades, Taiwan has witnessed the benefits that education has brought to its 

society in the areas of economics and democracy (Liu, 2000; Ministry of 

Education, 2003). The present mainstream education system in Taiwan includes 

preschool, primary school (compulsory), junior high school (compulsory), 



 10

senior high school, senior vocational school, junior college, undergraduate 

university, and graduate school (Table 1-1).  

 

Table 1-1 The present educational tracks and forms of admission in Taiwan 
(source: Government Information Office, 2003) 
Forms of admission 
 

Educational tracks 

Optional enrollment 
 

Kindergarten 

Compulsory enrollment 
 

Elementary school (six years) 

Compulsory enrollment 
 

Junior high school (three years) 

Registered enrollment  
Admission by selection  
Admission by application  
 
 

Senior high 
school 

(three years)

Senior 
vocational 

school 
(three years) 

Junior college 
(five years) 

University & 
college   

(four years) 

Junior college 
(two years) 

Technical  
college/university  

(four years) 

Admission by application  
Admission through examination 
Admission by 
recommendation& selection  
 

 Technical college  
(two years) 

 Three years working experience 
 

Admission through examination 
 

Master’s program (one to four years) 

Admission by selection & 
through examination 

Doctoral program (two to seven years) 

 

Since 1968, compulsory education in Taiwan has included six years of 
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primary school and three years of junior high school, or nine years in total. The 

National Education Law, promulgated in 1979, provided that children of the 

ages between six and fifteen must attend nine years of compulsory education. 

The Statute of Compulsory School Attendance, revised in 1982, commands that 

parents or guardians of children between six and fifteen are obliged to send 

their children to school or be subjected to fines and other penalties 

(Government Information Office, 2003). In the 2001 school year, the net 

enrollment rate of elementary students was 99.95%. In that year, 99.15% of 

elementary school graduates continued their studies in junior high schools. 

About 96% of junior high school graduates in the 2001 school year pursued 

further studies in either senior high schools or vocational schools (including 

senior vocational school and five-year junior college). Before 2001, taking the 

Joint Entrance Exams for Senior High School, Vocational Senior High School, 

and Five-Year Junior College was almost the only route to entrance to a higher 

level of secondary school after junior high school. Since 2001, the Multi-route 

Promotion Program for Entering Senior High School, which consists of 

registered enrollment, admission by selection, and admission by application, 

has replaced the Joint Entrance Exams (Government Information Office, 2003).  

In the 2001 school year, the ratio of senior high school students to students 

in the vocational track (i.e., vocational senior high school and the first three 

years of five-year junior college) was 49.5 to 50.5 (Government Information 

Office, 2003). While the purpose of the three-year senior high school is mainly 
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to prepare students for academic study in college, the purpose of vocational 

school is to equip students with vocational knowledge and skills that can be 

applied directly to the needs of the labor market. Although some students may 

choose to enter a senior high school or a vocational school based on their 

aptitude or future job preference, it is a common phenomenon that senior high 

school students have better scores or conditions in the previous selection system, 

the Joint Entrance Exams, or the current selection system, the Multi-route 

Promotion Program. 

Higher education in Taiwan mainly includes junior colleges (i.e., the last 

two years of five-year junior college, and two-year junior college), technical 

colleges or technical universities (also called institutes of technology or 

universities of technology), universities, independent colleges, and graduate 

schools (Government Information Office, 2003; Ministry of Education, 2003). 

A senior high school graduate can further his or her study in a university or an 

independent college, if he or she meets the relevant requirement. After one year 

of work experience, and having passed the relevant examinations, a senior high 

school graduate can still attend a two-year junior college or a four-year institute 

of technology. In the 2001 school year, about 70.73% senior high school 

graduates continued to study in a higher education program.  

For 48 years before 2002, taking the Joint University Entrance Exam 

(JUEE) was the exclusive route for the majority of senior high school students 

to attend a university or an independent college. Since the 2002 school year, the 
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Multi-route Promotion Program for College-bound Seniors has replaced the 

JUEE. Senior high school graduates may attend a university through one of the 

three routes: application, selection by recommendation, or by taking a new 

version of JUEE (Government Information Office, 2003.) The application 

method requires students to take the general Scholastic Attainment Test for 

College-Bound Seniors (SAT), and then apply to the departments they wish to 

attend. For the selection by recommendation method, a senior high school may 

recommend its students with extraordinary performance in certain academic 

areas to the relevant department. The new version of JUEE is more flexible in 

the number of subjects tested. A college department is allowed to decide if SAT 

scores are required and what subjects its applicants need to take.  

A student who has graduated from a vocational school can further his or 

her study in a vocational track at a school of higher education (i.e., a two-year 

college, a technical college or a technical university). In the 2001 school year, 

around 41.82 % of senior vocational school graduates chose to pursue a degree 

in a higher education program (Government Information Office, 2003; Ministry 

of Education, 2003).  

Graduate schools are affiliated with most of the institutions of higher 

education, except for the five-year and two-year junior colleges, and some 

technical colleges. In general, graduate programs admit students with a 

baccalaureate or master’s degree to attend a master’s or doctoral program after 

they have passed relevant examinations. Junior college graduates with relevant 
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work experience can also participate in graduate school entrance examinations. 

The volume of higher education students has expanded rapidly in recent 

years. In the 1988 school year, the total number of higher education students 

was 496,530, with 17,341 graduate students. By the 2001 school year, the 

number had increased to 1,187,225, with 103,213 graduate students. In the 2001 

school year, the university and college enrollment rate was 48.78 per 1,000 of 

the total population. In the same year, the total school enrollment rate of the 

population aged 6 to 21 was 93.17% (Government Information Office, 2003). 

The dramatic increase in the number of higher education students is mainly in 

response to the high demands of the public. As a result of the civil service 

examination system in ancient China, education is still widely regarded, and a 

great portion of Taiwanese believe in obtaining good job opportunities and 

social privileges through receiving higher education (Zeng, 1996). In recent 

years, in addition to many new universities and independent colleges being 

established, many junior colleges have been upgraded to technical universities 

or technical colleges. The elevation of junior colleges greatly increases the 

opportunities for students in the vocational track to pursue study in higher 

education (Yang, 2000). 

 

Science Education in Taiwan 

Science education is highly emphasized in school education in Taiwan. In 

the past decades when the Joint Senior High School Entrance Exams (JSHSEE) 
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and the JUEE determined one’s entrance to senior high schools and universities, 

test scores of scientific subjects were critical for all junior high school students 

who wanted to pursue further study, and for those senior high school students 

who intended to attend a science or engineering related college department. At 

the same time, many parents encourage their children to have a higher 

education degree in areas of science or engineering because there are better job 

opportunities for students graduating from academic areas of science and 

engineering. Also, in higher education, more learning opportunities are 

provided in the areas of science and engineering. In the 2001 school year, about 

55.69% graduates from higher education earned a degree in some area of 

science and engineering, while 11.86% earned degrees in the areas of 

humanities, and 32.45% in the areas of social sciences (Bureau of Statistics 

MOE, 2002). 

Before 1996, both curriculum standards and textbooks for pre-college 

education throughout Taiwan were central government-published. Currently, 

centrally-made curriculum standards still apply to secondary education; 

however, since 1996 individual elementary schools are allowed to choose the 

appropriate textbooks for their students. Senior high schools and junior high 

schools were given the right to choose their own textbooks in 1999 and 2001, 

respectively (Chou, 2003). Although the topics may vary over time, scientific 

subjects are required in Taiwan’s compulsory education. The major domains of 

science covered in scientific curricula include physics, chemistry, biology, 
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health science, and earth science. At the elementary level, science is a 

comprehensive subject. It integrates scientific knowledge of different domains 

of science with fundamental scientific inquiry techniques such as observing and 

manipulating.  

At the junior high level, science is differentiated into several subjects1. 

Due to the fact that science plays a crucial part in the entrance to senior high 

school; science learning in junior high school is very competitive, especially to 

those students who want to attend the higher ranked senior high schools.  

The competitiveness of junior high school science learning in Taiwan 

reflects on the international comparisons of science achievement. The 

performance of Taiwanese junior high school students in international 

comparisons of academic achievements in science has been outstanding. In an 

international assessment conducted in 1991, for both the age 9 and age 13 

groups, Taiwan ranked second among the 13 comparative countries (NCES, 

1996.) In the Third International Mathematics and Science Study - Repeated 

(TIMSS-R), conducted in 1999, Taiwan ranked first in eighth-grade science 

achievement among the 38 participating countries (NCES, 2000).  

Curricula and other requirements of science education vary widely in 

post-junior high school education, which includes senior high schools, senior 

                                                 
1 Since 2001, an integrated scientific curriculum has taken effect. Those traditional scientific 
subjects taught in junior high, such as physics-chemistry, biology, and earth science, are 
integrated into a comprehensive domain of learning. However, the new curriculum has resulted 
in discontent among many junior high science practitioners. Thus, the Administration of 
Education has decreed that each school can create its own policy on teaching integrated science 
or traditional scientific subjects.  



 17

vocational schools, and the first three years of five-year junior colleges. For 

senior high school students, fundamental science subjects (i.e., fundamental 

physics, fundamental chemistry, fundamental biology and fundamental earth 

science) are required in the first year. Depending on the college department a 

student desires to attend after graduation from senior high school, he or she 

needs to take zero to six advanced science courses to fulfill the entrance 

requirements. For the majority of college departments in the fields of 

humanities, law, liberal arts, social sciences, and business, taking advanced 

science is not necessary to gain admittance. Senior high students who want to 

study natural sciences, engineering, medical sciences, and agricultural related 

fields in college are required to take some or all of the advanced chemistry, 

physics, and biology courses. 

Senior vocational schools specialize in the fields of agriculture, industry, 

business, marine products, nursing, home economics and theatre. Like senior 

vocational schools, five-year junior colleges focus on specialized or 

paraprofessional training in the fields of industry, business, commerce, 

maritime affairs, pharmacy, medical care, foreign languages, and culinary arts 

(Government Information Office, 2003). Science education is not required in 

vocational schools and five-year junior colleges. Students’ interaction with 

academic science depends strictly on the fields they are studying.  
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Need for the Study 

In December 2002, the Ministry of Education of Taiwan and The National 

Science Council jointly held the First National Convention of Science 

Education. Before the Convention, six forums opened to the public took place 

in the eastern, southern, northern, and middle regions of Taiwan. Scientific 

literacy was a central topic in the forums and the convention. The convention 

concluded that the ultimate goal of science education is “science education for 

all citizens.” The objective of scientific curricula is to advance scientific literacy, 

the scope of which includes learning basic scientific knowledge and skills, 

applying scientific knowledge and skills to daily life, knowing the nature of 

science, and fostering scientific attitudes. To achieve that goal, the convention 

suggested that Taiwan should, with the good foundation of science education 

that Taiwan already has, keep consolidating science education at all school 

levels, and in the meantime, integrate public science education and science 

education for the minorities such as aboriginal students. Although the 

convention failed to provide a concrete sequence for achieving the goal, it was 

the first time that scientific literacy had been discussed as a serious issue in a 

national level convention. In other words, the necessity of enhancing scientific 

literacy is extensively agreed upon by the science education community in 

Taiwan. 

The high rank Taiwan receives in international comparisons demonstrates 

the efforts that Taiwan’s junior high school science educators have made over 
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many years. However, we do not know if this high level of academic 

achievement at the junior high school level promises a high level of scientific 

literacy in adults. It is also probable, as pointed out by Shamos (1995), that the 

international comparisons were likely to be very misleading as indicators of a 

nation’s success in science and engineering. Shamos (1995) argued that in the 

countries where the competition among students for admission to a college or a 

university is keener, students are expected to have higher achievement in the 

international comparisons because there is higher incentive for students to 

perform well in high school science and mathematics. Taiwan’s situation fits 

Shamo’s arguments exactly. It follows that there is still a need to study 

scientific literacy among Taiwanese adults. 

 

Statement of the Problem 

What is the level of Taiwanese graduate students’ civic scientific literacy? 

 

Purpose of the Study 

This study embraces Miller’s three dimensions of civic scientific literacy: 

(1) a vocabulary of basic scientific constructs sufficient to read competing 

views in a newspaper or magazine; (2) an understanding of the process or 

nature of scientific inquiry; and (3) some level of understanding of the impact 

of science and technology on individuals and on society. This study aims to 

investigate the level of Taiwanese graduate students’ scientific literacy. The 
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population of graduate students was chosen based on the following two 

considerations: 

First, graduate students in general represent the portion of adults who 

displayed high academic achievement in pre-college education. To examine 

whether the high achievement of junior high school science education in 

international comparisons is sufficient to sustain a high level of scientific 

literacy in adults, graduate students are an appropriate population to be studied.  

Second, graduate students are also a group of people who are very likely to 

be the socially elite, opinion leaders, and policy makers in the near future. In a 

democratic society, which Taiwan has been striving hard to become for decades, 

opinions of the socially elite, opinion leaders, and policy makers are influential 

in the policy making process. Thus, the level of Taiwanese graduate students’ 

scientific literacy is worth investigating.  

This investigation specifically targets Taiwanese graduate students in the 

school types of national (also called public) universities, private universities, 

and technical universities or colleges. These three groups of graduate students 

are, in general, different in their level of pre-graduate school academic 

achievement. Most of the students in national and private universities have 

graduated from an academic track. In other words, a high proportion of 

graduate students in national and private universities attended a senior high 

school and a university or independent college. Generally speaking, students in 

national universities perform better academically than their counterparts in 
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private universities. In contrast to the academic bound students in national and 

private universities, most of the students in technical universities and technical 

colleges graduated from a vocational track. In general, their academic 

performance at the junior high school level was inferior to their counterparts in 

national and private universities.  

In addition to civic scientific literacy, other variables considered in this 

study include frequency of acquiring news through mass media, interest in and 

informedness of news of scientifically and technologically related issues, 

perceptions of junior high school science education, and demographic 

information such as gender and schooling. As stated earlier, both Shen (1975) 

and Miller (1983, 1987) argued that mass media should play an essential role in 

civic scientific literacy, especially for those who have already finished formal 

school education. Mass media not only furnishes information about science and 

technology to the public, but also provides forums for public debate over 

scientifically and technologically related policies and issues.  

As mentioned earlier, junior high school science education in Taiwan is the 

highest level of compulsory science education for all citizens. It undertakes the 

task of equipping all citizens with a competent level of scientific literacy. It is 

worth investigating if people who have finished junior high school think the 

science education they received in junior high school competently fulfilled this 

objective. 

The selected demographic variables are expected to relate to an 
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individual’s level of scientific literacy. Gender is a variable commonly studied 

in all types of research. For example, it was found in surveys of civic scientific 

literacy in the United States that females had lower scores than males (NSF, 

2002). In addition, it was stated earlier that schooling experience, such as the 

school type an individual is studying in and the academic field an individual is 

pursuing, may represent different levels of academic achievement and different 

depths of interaction with science and technology among individuals. This 

study looks at whether people with different schooling experiences maintain 

differing levels of scientific literacy. 

 

Research Questions 

In view of the purpose of this study, three major sets of research questions 

are to be addressed in this study, as follows: 

1. What is the level of Taiwanese graduate students’ civic scientific 

literacy? What is the level of Taiwanese graduate students’ 

understanding of the first and second dimensions of civic scientific 

literacy, respectively? What are Taiwanese graduate students’ attitudes 

toward the impact of science and technology on individuals and on 

society? 

2. To what extent do Taiwanese graduate students’ background variables 

(e.g., gender, school type, academic major) relate to their level of civic 

scientific literacy, mass media behavior (e.g., interest in scientifically 
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and technologically related information, informedness of scientifically 

and technologically related information), and perceptions of junior 

high science education? 

3. How differently will Taiwanese graduate students who demonstrate 

different levels of civic scientific literacy in the web survey give verbal 

definitions of “a scientific study?” How differently will they react to 

the same selected scientific and/or technological article? And how do 

they think the science education they had in junior high school related 

to their life? 

 

Significance of the Study 

In the past five decades, Taiwan has been striving hard on advancing its 

democracy. In addition, the educational policy which emphasizes supporting a 

knowledge-based economy has witnessed Taiwan’s rapid economic growth over 

the past five decades. Scientific literacy is widely regarded essential for 

promoting participation in public policy debates involving science and 

technology in a democratic society, as well as for maintaining a country’s 

economic vitality and the competitiveness in the global market. Therefore, 

enhancing the level of scientific literacy of Taiwanese citizens is necessary.  

This study attempts to investigate the level of Taiwanese graduate students’ 

scientific literacy with Miller’s framework of measuring civic scientific literacy. 

This study is important in that the empirical data collected from the web survey 
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questionnaire will inform us of the level of Taiwanese graduate students’ civic 

scientific literacy, which has never been studied before. The data will also 

address the relationship between the level of scientific literacy and gender, as 

well as schooling experience. Furthermore, the results will provide information 

about whether that the high achievement Taiwanese students demonstrate in 

international comparisons of middle school science extends to a high level of 

scientific literacy at adult level. It is hoped that the findings will inform 

Taiwan’s educational system in better preparing scientifically literate citizens. 



 25

CHAPTER 2 

LITERATURE REVIEW 

This chapter will first clarify the meanings of several terms related to this 

study, explore the evolving concept of scientific literacy, and then review 

literature concerning studies of civic scientific literacy, specifically those 

pertaining to Miller’s framework. Alternative perspectives on studying 

scientific literacy will be presented in the final section. 

 

Clarification of Terms 

Science Literacy and Scientific Literacy 

The two terms science literacy and scientific literacy, are both found in 

science education literature. As stated earlier, Shen (1975) argued “To put the 

nascent efforts now being made to achieve greater science literacy in 

perspective, I find it helpful to speak of three distinct, though related forms: the 

practical, the civic, and the cultural” (p.27). The foundational work for science 

curricular development, Benchmarks for Science Literacy (AAA, 1993), also 

adopted the term science literacy, instead of scientific literacy.  

Compared to science literacy, the term scientific literacy is used more 

frequently in the literature (Agin, 1974; Evans, 1970; Laugksch & Spargo, 1996; 

Miller, 1983; Pella, O’Hearn, & Gale, 1966; Popli, 1999.) For example, Shamos 

(1995, p.87-90) suggested three levels of scientific literacy that are normally 

attained sequentially by science-bound students: cultural scientific literacy, 
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functional scientific literacy, and true scientific literacy. According to Shamos 

(1995) cultural scientific literacy was a concept first brought up by Edward 

Hirsch in 1987. It means “a grasp of certain background information that 

communicators must assume their audiences already have” (Shamos, 1995, p. 

87). Cultural scientific literacy includes an unwritten lexicon of scientific terms 

that are shared by literate citizens. According to Shamos (1995), it is the hidden 

key to effective education. Going a step further, by functional scientific literacy, 

Shamos (1995) meant that each individual must “…not only have a command 

of science lexicon, but also be able to converse, read, and write coherently, 

using such science terms in perhaps a non-technical but nevertheless 

meaningful context” (p. 87). An individual with a satisfactory scientific literacy 

level, according to Shamos (1995), knows something about the overall 

scientific enterprise, including “some of the major conceptual schemes (the 

theories) that form the foundations of science, how they were arrived at, and 

why they are widely accepted, how science achieves order out of a random 

universe, and the role of experiment in science.” (p.89).  In addition, a truly 

scientifically literate individual appreciates “the elements of scientific 

investigation, the importance of proper questioning, of analytical and deductive 

reasoning, of logical though processes, and of reliance upon objective 

evidence” (Shamos, 1995, p.89). 

Maienschein and her undergraduate students (1998) surveyed the literature 

pertaining to science literacy and scientific literacy, and concluded that science 
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literacy focuses on “gaining units of scientific or technical knowledge,” while 

scientific literacy “emphasizes scientific ways of knowing and the process of 

thinking critically and creatively about the natural world” (p.2). While the work 

of Maienschein and her undergraduate students shed light on the distinction 

between the two terms, their definitions might not apply to all cases. For 

instance, Shamos’s cultural scientific literacy meant a lexicon of scientific 

terms. Although Shen (1975) adopted the term science literacy, critical and 

creative thinking were also implied in the three forms of science literacy. 

According to Shen, with only scientific and technical knowledge it is 

impossible for an individual to solve practical problems concerning science and 

technology, to participate in public debates on scientific and technological 

issues, and to appreciate science as a major human achievement.  

In brief, although the two terms science literacy and scientific literacy are 

both used by different authors, in general, the latter has a broader scope of 

meaning; the authors who use the term science literacy generally emphasize the 

importance of acquiring scientific and technical knowledge, and science literacy 

can roughly be regarded as a prerequisite of scientific literacy. Throughout this 

dissertation, when citing the work of other authors, the term that was used by 

the authors is kept. 

As will be revealed in the later section, Historical Review of the Concept 

of Scientific Literacy, scholars have not yet reached a consensus on the 

operational definition of scientific literacy. Different definitions on scientific 
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literacy will be illustrated in that section. 

 

Civic Scientific Literacy 

As stated earlier, based on the literature this researcher has surveyed, Shen 

(1975) was the first to use the term civic scientific literacy. In view of the fact 

that most of the legislative bills in Congress have a scientific or technological 

basis, and citizens are confronted with many science-related public issues, such 

as health, natural resources, environment, outer space, communication, and 

transportation, it is essential for citizens to be equipped with civic scientific 

literacy. According to Shen (1975):  

The aim of civic scientific literacy is to enable the citizen to become more 

aware of science and science-related issues so that he and his 

representatives can bring their common sense to bear upon these issues. 

This will permit a fuller participation in the democratic process of our 

technology society. It is not sufficient to leave all decisions to technical 

experts if for no other reason than that experts are not popularly elected. (p. 

28)  

Also, in light of the number of scientific or technological issues reaching 

public visibility, debate about terminology has increased. Miller (1983, 1987, 

1992) has argued that there is the necessity of increasing the proportion of 

citizens who are scientifically literate. Miller (1998) grasped the term civic 

scientific literacy and further suggested it can be conceptualized as a 
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three-dimensional construct: “(1) a vocabulary of basic scientific constructs 

sufficient to read competing views in a newspaper or magazine, (2) an 

understanding of the process or nature of scientific inquiry, and (3) some level 

of understanding of the impact of science and technology on individuals and on 

society” (p.205). 

In 1972, Miller assumed responsibility for conducting the biennial survey, 

Survey of Public Attitudes Toward and Understanding of Science and 

Technology (SPAUST), sponsored by the National Science Foundation (NSF). 

Since then, Miller and his colleagues have developed sets of questions that are 

aimed at measuring and monitoring civic scientific literacy in terms of three 

dimensions in citizens of the United States (NSF, 2002; Miller, 1983; Miller 

1998). Miller’s work will be illustrated in more depth in a later section of this 

chapter. While some researchers do not agree with the way Miller measures 

civic scientific literacy (some perspectives will be illustrated in the last section), 

the sets of items that were targeted to measure the first two dimensions have 

been replicated in surveys in other countries (Durant, Evans, & Thomas, 1989; 

INRA, 1993; Zhang, & Zhang, 1993). Miller’s survey items are also the basis 

of the instrumentation of this study. 

This study embraces Miller’s definition of the three dimensions of 

scientific literacy, and attempts to investigate Taiwanese graduate students’ 

level of civic scientific literacy in terms of the three dimensions proposed by 

Miller.  
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Public Understanding of Science 

The phrase public understanding of science has a broader scope than civic 

scientific literacy. While the content of civic scientific literacy is studied in 

surveys of public understanding of science, the latter may also include 

individuals’ media behavior (for instance, whether they are interested in 

acquiring information about new scientific discoveries or new technological 

inventions or if they feel well informed on scientifically or technologically 

related information), attitudes toward scientists and scientifically related careers, 

understanding of and attitudes toward policies on the allocation of budget at 

different domains of scientific research.  

 

Historical Review of the Concept of Scientific Literacy 

The Birth of the Term Scientific Literacy--the 1950s 

The birth of the term science literacy, according to the research of Bybee 

(1997), was first used in the work of James Bryant Conant. In his publication of 

General Education for Science in 1952, Conant argued that individuals needed 

to be educated to judge experts’ work and advice. He took his own experience 

as an example: his factual knowledge of science and technology might have 

been relatively low, but his education in applied science enabled him to 

communicate effectively with professionals who were advancing or applying 

science.  

In 1958, Paul DeHurt Hurd published an article: Science Literacy: Its 
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Meaning for American Schools. In response to the swift advancing of science 

and technology after World War II, including advances such as the inventions of 

plastic and pesticides, biotics and detergents, silicones and synthetic elements, 

Hurd suggested that science, especially modern science, should play a central 

role in school education. Hurd (1958) argued “Science instruction can no longer 

be regarded as an intellectual luxury for the select few” (p.13). The reform of 

science education should prepare all students for the “space age” (Hurd, 1958). 

According to Bybee (1997), Hurd was the first person to suggest science 

literacy as a major theme for science education. His argument articulated the 

importance of science literacy in terms of individuals and society. He also 

pointed out that formal education was essential for acquiring science literacy; 

nevertheless, he failed to provide a clear definition of science literacy. 

 

Exploring the Meaning of Scientific Literacy: the 1960s – 1970s 

Hurd’s article did not result in moving science education in the United 

States toward the goal of advancing scientific literacy. The article was 

published shortly after the launch of Sputnik by the Soviet Union in 1957. The 

fact that the United States was not the first to launch an artificial satellite spread 

wide discontent in the public. Vast resources and efforts were infused to 

research projects and programs of science education or science curricula, and a 

massive curriculum reform effort was initiated across the country. Prestigious 

scientists dominated most of the new pre-college science curriculum projects. 
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The major characteristic of science curriculum in the 1960s was “science for 

scientists” (Duschl, 1990). Or in Hurd’s words: “an intellectual luxury for the 

select few” (p.13). Science education in this period focused on reflecting the 

nature of science as seen by practicing scientists. Science teaching and learning 

emphasized accretion of knowledge and scientific concepts, as well as 

mastering the process of science in order to produce students who thought and 

acted like scientists (Hariharan, 1997).  

While “science for scientists” dominated the development of science 

curricula and science teaching in the 1960s, some science educators and 

researchers continued to ask questions about scientific literacy: Why was 

scientific literacy important for all students? What constituted scientific literacy? 

What did scientific literacy mean in a specific scientific discipline? (Carleton, 

1963; Kusch, 1960; Pella, 1967; Pella, O’Hearn, & Gale, 1966).  

In 1963, Robert H. Carleton, the executive secretary of the National 

Science Teachers Association (NSTA) surveyed scientists and science educators 

on questions such as: “What does it mean to be scientifically literate?” “How 

can you raise your level of scientific literacy?” And “why is it important that all 

teachers, along with other intelligent adults, be scientifically literate in today’s 

world?” Most respondents suggested the necessity of content knowledge in 

specific disciplines; some suggested the understanding of scientific inquiry; but 

only a few identified the interrelationship of science, technology, and the 

individual and society (Carleton, 1963). 
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Pella, O’Hearn, and Gale (1966) argued three basic reasons for science 

education: “(1) to prepare scholars in the several disciplines of science; (2) to 

provide the background required of individuals entering technological 

occupations or professions as electronics, engineering, medicine; and (3) to 

provide a background in science as a part of the general education of the student 

for effective citizenship” (p.199). Scientific literacy addressed the third purpose 

of science education, to provide a background in science. In an attempt to 

determine the scope of scientific literacy and to suggest ways of achieving 

scientific literacy for effective citizenry, they reviewed 100 documents 

pertaining to scientific literacy (Pella, O’Hearn, & Gale, 1966). The six most 

frequent referents for scientific literacy that resulted from their literature survey 

were:  

(1) Science and society,  

(2) Ethics of science,  

(3) Nature of science,  

(4) Conceptual knowledge,  

(5) Science and technology, and  

(6) Science and humanities.  

For each of the referents, typical statements concerning the referent were 

particularized. Pella et al. (1966) concluded that: 

the scientifically literate individual presently is characterized as one with 

an understanding of the (a) basic concepts of science, (b) the nature of 
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science, (c) the ethics that control the scientist in his work, (d) 

interrelationships of science and society, (e) interrelationships of science 

and humanities and (f) differences between science and technology. (p. 

206) 

In the 1970s, the major goal of science education in the United States 

began moving from “preparing future scientists and engineers” in the 1960s to 

the “understanding of science and technology by those who are not, and do not 

expect to be, professional scientists and technologists” (Hurd, 1991, p.257). 

More science educators and researchers endeavored to clarify the influence of 

scientific literacy for individuals and society. Some of them elaborated on 

which characteristics were essential for a scientifically literate person and 

further directed school science education to achieve the goal of educating 

scientifically literate students (Agin, 1974; Evans, 1970; Hurd, 1970; Hurd, 

1975; O’Hearn, 1976; Pella, 1976).  

Evans (1970), in his article Scientific literacy: whose responsibility? 

argued that science education reform in the United States after the advent of 

Sputnik not only failed to provide an adequate supply of scientists and 

technologists, but also fell short of increasing the population of scientifically 

literate individuals. To stress the importance of and to support further study on 

scientific literacy, Evans reiterated the six referents established by Pella et al. 

(1966), and further detailed the characteristics a scientifically literate individual 

would demonstrate with respect to each of the six referents. In addition to the 
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characteristics identified by Pella et al. (1966), Evans suggested that a 

scientifically literate person should have the following seven characteristics: 

(1) Possesses objectivity, 

(2) Has faith in and values logical reasoning, 

(3) Rejects myths and superstitions, 

(4) Accepts conclusions when supported by data, 

(5) Is critical and skeptical, 

(6) Displays the habit of weighing evidence, and 

(7) Uses the methods of science to solve problems when the methods are 

appropriate.  

Hurd published a key article about scientific literacy in 1970. Instead of 

using the term scientific or science literacy, he opted for the term scientific 

enlightenment. In this article, Hurd (1970) emphasized the urgency of school 

education to prepare students to cope with an intellectual and cultural 

environment characterized by rapid change. The change that Hurd mentioned 

was shaped by the rapid progress in science and technology. Similar to his 

arguments in the article published in 1958, Hurd contended that science 

education in school was central to promoting scientific literacy. He argued that 

the science curriculum was not doing a competent job in bringing about an 

understanding of scientific and technological enterprises and the ramifications 

of social integration of both. Compared to the article published in 1958, Hurd 

had more complete descriptions of a scientifically literate person. He listed 
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twelve characteristics or abilities a scientifically enlightened person should 

possess:  

(1) Understand the purposes of scientific endeavor,  

(2) Recognize the characteristics of scientific knowledge,  

(3) Know major scientific concepts in a functional way,  

(4) Appreciate the worthiness of systematic investigation in the sciences,  

(5) Recognize the interdependency of inquiry processes and the derived 

concepts, laws, or theories, 

(6) Appreciate science for its intellectual stimuli, intimacy with nature, 

beauty and simplicity of explanations, etc., 

(7) View the scientific enterprise within the broad perspectives of culture, 

society, and history,  

(8) Appreciate the cultural conditions within which science thrives, 

(9) Expect social and economic innovations to be keeping pace with and 

enhancing the progress of science and technology, 

(10) View science and technology as interrelated and dependent upon each 

other, 

(11) Appreciate the universality of science endeavors, and 

(12) Have some awareness of the need to generate a system of concepts 

within which science, society, and the humanities can fit.  

Similar to the three basic reasons of school science education that Pella et 

al. (1966) established, Agin (1974) suggested there were three basic purposes of 
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science education The first purpose was to prepare scholars in the several 

disciplines of science. The second purpose was to provide individuals with a 

background for technological occupations or professions. The third purpose was 

to provide individuals with a background in science as a part of their general 

education for effective citizenship. These three purposes would meet the needs 

of three sub-levels of people in the whole population (Figure 2-1). The first and 

second sub-levels of population were those involved with either theoretical or 

practical sciences or both, and only occupied a small percentage of the 

population. People belonging to the third sub-level were the majority of the 

total population; however, they were usually unaware of the influence science 

and technology had on their lives. Most political and economic leaders as well 

as most ordinary hard working citizens came from the third group of people; 

thus Agin argued, “the effectiveness of these people as leaders and citizens 

should be the primary goal of education” (p. 404). 

 

 

 

 

 

 

 

 

Prepare scholars in the several disciplines of 
science

Provide background for technological 
occupations or professions 

General education in science for 
effective citizenship 

Figure 2-1 The basic purposes of science education 
(Replicated from Agin, 1974) 
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Agin (1974) surveyed relevant literature to establish a frame of reference 

for scientific literacy. Six broad categories pertaining to scientific literacy 

emerged in Agin’s review of the literature. Agin’s six categories, except for the 

wording in the fourth category, were the same as the six referents concluded in 

the work of Pella et al. in 1966. The six categories listed by Agin were: 

(1) Science and society,  

(2) Ethics of science,  

(3) Nature of science,  

(4) Concepts of science,  

(5) Science and technology, and  

(6) Science and the humanities.  

Based on these six categories, Agin offered some suggestions for science 

curriculum planning. He suggested a tetrahedron to represent an effective 

framework for curriculum planning (Figure 2-2.) The three vertices on the base 

of the tetrahedron represented the three domains of science: product, process 

and society. The apex of the tetrahedron was labeled as maturity. According to 

Agin, “all individuals fall within this geometric figure. And science education 

should help them, regardless of their educational orientation, to grow to a 

maturity that enables them to see the convergence of ‘product,’ ‘process,’ and 

‘society’ into an integrated whole” (p. 414). 
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Bybee (1997) counted Agin’s work as significant for two reasons: First, it 

is based on a review of the extent literature and thus incorporates the ideas of 

science educators and scientists, as well as professional organizations. Second, 

Agin provided good examples of the concepts and of ways to plan and teach 

science” (p. 56). 

As stated earlier, Shen (1975) suggested that science literacy can comprise 

three distinct but related forms: the practical, the civic, and the cultural. By 

practical science literacy, Shen meant: 

the profession of the kind of scientific and technical knowledge that can be 

immediately put to use to help solve practical problems. The most basic 

human needs are health and survival; much of practical science literacy 

has to do with just those needs. (p. 27)  

Maturity 

Society Product 

Process 

Figure 2-2 Curriculum planning lattice for science education 
(Replicated from Agin, 1974) 
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Shen suggested that mass communication was the best way to spread practical 

science literacy to the vast number of people who needed it. 

The necessity for civic science literacy grew out of the need to sustain and 

advance a democratic and technological society; in other words, civic science 

literacy was the knowledge and ability regarding science and technology a 

citizen required for living in a democratic society. Shen suggested that both 

school science education as well as the mass media were responsible for 

enhancing civic science literacy. 

“Cultural science literacy,” said Shen:  

is motivated by a desire to know something about science as a major 

human achievement… When a student takes a course in 

physics-for-nonscientists, when an artist reads about DNA, or when a 

lawyer watches a television program on the Crab Nebula, they are engaged 

in improving their cultural science literacy.” (p. 28)  

Cultural science literacy is especially essential for people who are current or 

future opinion-leaders or decision makers. Shen argued that more efforts should 

be made to improve the accessibility of the contents of cultural science literacy 

to the public, not just the intellectual community. To that end, Shen suggested 

that the mass media play a crucial part in providing the means for every person 

who has the leisure time to enjoy science.  

Ten years after the six referents were identified, Pella (1976) argued that 

contentions concerning scientific literacy were mostly “opinion-based” 
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expositions, instead of research studies. Pella (1976) suggested it was extremely 

difficult to make an adequate operational definition or to conduct adequate 

research on “what is adequate scientific literacy” if some uniform policy 

relative to the goals of the country or the world were absent. He suggested eight 

terms to be included in making an operational definition of scientific literacy: 

(1) Concepts-- the vocabulary of science which come with different levels 

of complexity, sophistication, and abstraction, and are recognized both 

empirically and theoretically. 

(2) Empirical Laws-- the consistencies generated in the natural world. 

(3) Theoretical Laws-- postulated consistencies in the natural world. 

(4) Regulatory Principles-- rules that define the methods employed in 

developing concepts and laws, and the criteria for their acceptance. 

(5) Explanation-- the subsuming of events under laws, either theoretical or 

empirical. 

(6) Prediction-- using facts and laws to forecast events. 

(7) Science-Society Interaction-- the use of the product of science, the 

demands of society in terms of new products and areas of study, and the 

demands of science in terms of support and opportunities to develop. 

(8) Humanistic Implications-- the historical development of knowledge 

and how it is interrelated with the culture. 

Pella (1976) pointed out that school science education had made efforts 

and gained expertise in some of the areas; for instance, in developing the 
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conceptual vocabulary of people in science, in developing different levels of 

understanding of empirical and theoretical laws, and in developing the ability to 

use the laws in the explanation and prediction of natural phenomena. He further 

claimed that we need to help people internalize the knowledge learned in school 

and find ways to maximize its functioning in people’s lives.  

 

Scientific Literacy as a Prevalent Theme in Science Education: the 1980s 
until now 

In the 1980s, scientific literacy was becoming a shared goal of science 

education. In 1989, the American Association for the Advancement of Science 

(AAAS) published the book Science for All Americans (SFAA), which was one 

of the most comprehensive and innovative statements of scientific literacy to 

date. In the first twelve chapters, SFAA provided recommendations for 

producing science literacy in terms of the following twelve domains:  

(1) The nature of science,  

(2) The nature of mathematics,  

(3) The nature of technology,  

(4) The physical setting,  

(5) The living environment,  

(6) The human organism,  

(7) Human society,  

(8) The designed world,  

(9) The mathematical world,  
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(10) Historical perspectives,  

(11) The common themes, and 

(12) Habits of mind.  

AAAS solidified the recommendations suggested by SFAA in another 

publication – Benchmarks for Science Literacy – released in 1993. The twelve 

domains of science literacy were transformed into specific listed items of 

knowledge, skills, and abilities that students should acquire by the end of grade 

2, grade 5, grade 8 and grade 12 respectively. The following paragraphs provide 

two examples.  

Example one: In the scientific inquiry section in the domain of the nature 

of science, the benchmark suggested that by the end of the 8th grade, students 

should know that “Scientists differ greatly in what phenomena they study and 

how they go about their work. Although there is no fixed set of steps that all 

scientists follow, scientific investigations usually involve the collection of 

relevant evidence, the use of logical reasoning, and the application of 

imagination in devising hypotheses and explanations to make sense of the 

collected evidence” (AAAS, 1993, p.73). 

Example two: In the processes that shape the Earth section in the domain 

of the physical setting, the benchmark suggested that by the end of the 8th grade, 

student should know that “The interior of the earth is hot. Heat flow and 

movement of material within the earth cause earthquakes and volcanic 

eruptions and create mountains and ocean basins. Gas and dust from large 
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volcanoes can change the atmosphere” (AAAS, 1993, p.73). 

In 1996, the National Research Council (NRC) released another influential 

communication for pre-college science education in the United States: the 

National Science Education Standards (NSES). The NSES regarded the 

promotion of science literacy for all students as the paramount goal of science 

education. It approached this goal by setting standards for six domains in 

science education:  

(1) Standards for science teaching,  

(2) Standards for the professional development of science teachers,  

(3) Assessment standards,  

(4) Content standards,  

(5) Program standards, and  

(6) System standards.  

Bybee and Champagne (1995) reminded readers and users of NSES to 

recognize: (1) the content standards are not to prescribe curriculum, (2) the 

assessment standards are not examinations, and (3) the teaching standards are 

not licensure requirements. But the visions and guidelines furnished in the 

NSES surely provided science teachers, school administrators, and curriculum 

developers useful guidance for selecting, developing, organizing, applying and 

assessing science curricula and programs.  

Specific types of ability stressed in NSES include being able to: 

(1) Ask, find, or determine answers to questions derived from curiosity 
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about everyday experiences;  

(2) Describe, explain, and predict natural phenomena;  

(3) Read and understand articles about science in the popular press and 

engage in social conversation about the validity of the conclusions;  

(4) Identify scientific issues underlying national and local decisions and 

express positions that are scientifically and technologically informed;  

(5) Evaluate the quality of scientific information on the basis of its source 

and the methods used to generate it; and 

(6) Pose and evaluate arguments based on evidence and apply the 

conclusions from such arguments appropriately. 

The components of science literacy discussed in SFAA and NSES are 

extensive. In brief, the main components of scientific literacy discussed in 

SFAA and NSES include  

(1) understanding the nature and interrelationship of science, mathematics 

and technology;  

(2) understanding key concepts, principles, and processes of science; and  

(3) the ability to use scientific knowledge and scientific ways of thinking 

for individual and social purposes, such as facilitating personal decision making, 

participating in civic and cultural affairs, and contributing to economic 

productivity. 

In order to assess students’ scientific literacy, Laugksch and Spargo (1996a, 

1996b) developed a pool of test items, based on the scientific literacy goals 
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listed in the SFAA. A total of 472 true-false test items were established to test 

240 key ideas in and attitudes toward science. The test items cover the earth; 

physical/chemical, life and health sciences; the nature of science; and the 

impact of science and technology on society. Laugksch and Spargo (1996a) 

argue that the test-item pool they developed has high content validity, construct 

validity and item validity. The content validity was justified in that SFAA was a 

rigorous collaborative result of 460 scientific panel members and NCSTE 

(National Council on Science and Technology Education) members, reviewers, 

and advisors. Laugksch and Spargo ensured the construct validity in that 

“independent corroboration of the validity of the specific key ideas in science 

tested for in our test-items is evident from Benchmarks for Science Literacy” 

(Laugksch & Spargo, 1996a, p.134). Item validity was achieved by the 

evaluation of the item-objective congruence by a panel of judges (Laugksch & 

Spargo, 1996a).  

 

Studies on Civic Scientific Literacy  

Sporadic studies on the scientific literacy of selected groups of people in 

the United States can be traced back as early as the late 1950s (Miller, 1983). 

The first national survey on American citizens’ interest in science news, their 

information consumption patterns, and general attitudes toward science was 

conducted in 1957, by the Survey Research Center at the University of 

Michigan. The survey was conducted at the request of the National Association 
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of Science Writers (NASW). The survey results revealed that only a minority of 

American citizens was interested in scientific issues and the level of public 

understanding of science was low. The NASW survey was conducted a few 

months prior to the launch of Sputnik and was the only national survey 

conducted before the space race. The four measure items used for probing the 

public’s understanding of and attitudes toward science (i.e., radioactive fallout, 

fluoridation in drinking water, polio vaccine, and space satellites) failed to 

provide a durable measure of public scientific literacy (Miller, 1983, 1998).  

Since 1972, the National Science Foundation (NSF) has been conducting a 

biennial survey, entitled: “Survey of Public Attitudes Toward and 

Understanding of Science and Technology.” The target population of the survey 

is adults residing in the United States. The purpose of the survey is to monitor 

public attitudes and understanding of science concepts and the scientific process. 

In 1979, Jon Miller and his colleagues took over the survey design in an attempt 

to develop a more structured approach and a more durable measure of public 

scientific literacy. Miller’s approach has become the fundamental framework of 

the successive versions of Survey of Public Attitudes Toward and 

Understanding of Science and Technology (Miller’s work is detailed in the 

following section).  

Over time, the cumulative survey results have shown that American adults’ 

interests in science and technology related news have remained high in the past 

thirty years (approximately nine out of every ten respondents reported they 
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were either very or moderately interested in new scientific discoveries and the 

use of new inventions and technologies) (NSF, 2002); however, the percentage 

of the population classified as “scientific literate” has remained constant around 

or below 10%.  

 

Miller’s Surveys of Civic Scientific Literacy 

As stated earlier, Miller suggested that civic scientific literacy can be 

conceptualized as a three dimensional construct: A vocabulary of basic 

scientific constructs sufficient for reading competing views in a newspaper or 

magazine, an understanding of the process or nature of scientific inquiry, and 

some level of understanding of the impact of science and technology on 

individuals and on society. Miller (1983, 1987) believes in the importance and 

necessity of civic scientific literacy in maintaining and enhancing a democratic 

society. He borrowed Gabriel Almond’s analysis of public participation in the 

formation of foreign policy to explain the formulation process of science and 

technology policy in a democratic society. The model is shown in Figure 2-3.  

In the pyramid-like model (Fig. 2-3), according to Miller (1983, 1987), the 

decision-makers, who belong to the population at the pinnacle, are those who 

have the power to make science and technology related policy decisions at the 

federal level. The second level from the top are the policy leaders. People at the 

second level are the so-called elites in political science. People categorized at 

the third level, the attentive public, are those who are interested in a particular 
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policy area of science and technology and are willing to become and remain 

knowledgeable about the issue. The bottom level, the nonattentive public, refers 

to the majority of people, who have little interest in science policy and a low 

level of knowledge about organized science. According to Miller (1983), 

science and technology policy decisions are made when there is a high level of 

concurrence between the decision makers and the leadership group. When 

consensus cannot be reached within the policy leadership group, appeals may 

be made to the attentive public. In this case, the attentive public joins in the 

policy-making process and tries to influence decision makers by contacting 

them directly and by persuasion.  

 

 

 

 

 

 

 

 

 

 

 

 

decision-makers

policy leaders 

attentive public 
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Figure 2-3 A Stratified Model of Science and Technology Policy Formulation  
(Replicated from Miller, 1983) 
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As Miller (1983) pointed out, the NSF surveys since 1972 have exposed 

two important problems: First, the level of scientific literacy in the nonattentive 

population, which occupied 80% of the total population in the 1979 survey, was 

extraordinarily low (in the 2-3 % range). Second, approximately 70% of the 

attentive public, which was 20% of the total population in the 1979 survey, did 

not meet the minimal criteria for scientific literacy. 

In Miller’s work, monitoring of the public’s level of civic scientific 

literacy in terms of the three dimensions and the proportion of the attentive 

population are two essential elements. Item pools for the measure of the first 

two dimensions of civic scientific literacy, a basic understanding of scientific 

concepts and a basic understanding of the process of scientific inquiry, have 

been developed in the past twenty years. According to Miller (1998), the test 

items for scientific concepts and process of scientific inquiry were regarded as 

representations of essential knowledge for understanding debates about 

contemporary public issues of science and technology. Items in each pool were 

selected in consideration of constructing a durable measure. These items for 

measuring the first and second dimension of civic scientific literacy have been 

replicated or slightly altered in surveys in other countries. The measure of the 

third dimension, whether individuals have some understanding about the impact 

of science and technology on individuals and society, was found to vary 

substantially in content among different nations. While examples of items for 

measuring the first two dimensions were commonly listed in Miller’s articles 
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and articles of other studies that replicated Miller’s work (Bauer, Durant, & 

Evans, 1994; Durant, Evans, & Thomas, 1992; Miller, 1998), items that 

measured the third dimension of civic scientific literacy were never clearly 

listed in any of Miller’s publications.  

Telephone interviews were used for data collection in the Survey of Public 

Attitudes Toward and Understanding of Science and Technology. To obtain 

information on the public’s understanding of basic scientific concepts and the 

processes of scientific inquiry, multiple choice questions and open-ended 

questions were both employed. To obtain information on the public’s 

understanding of basic scientific concepts, respondents were either asked to 

choose from true and false statements about scientific facts (for example, “The 

center of the Earth is very hot.) or to select an answer that best fit the statement 

(for example, “Does the Earth go around the Sun or the Sun go around the Earth? 

A. Earth around the Sun, B. Sun around the Earth, C. Don’t know). 

Respondents were also asked to explain in their own words the meaning of a 

scientific term (for instance, to provide a dentition of DNA). The items varied 

slightly from study to study; nevertheless, Miller (1998) argued, “the essential 

point is that each of these sets of items should be viewed as a sample of 

constructs from a universe of perhaps a hundred or more constructs that are 

important to civic scientific literacy” (p.208). In the 1995 NSF survey2, in order 

                                                 
2 The results of the 1995 NSF survey were compared to those of the 1992 Eurobarometer 
survey, which was conducted on 12 member states of the European Union. Miller includes a 
detailed delineation of the comparison in the article The Measurement of Civic Scientific 
Literacy (Miller, 1998). 



 52

to be classified as being scientifically literate, an individual had to answer 

correctly to at least two-thirds of the questions associated with basic scientific 

constructs (Miller, 1998). 

For measuring the public’s understanding of the process of scientific 

inquiry, the design also varied from study to study. In the 1995 NSF survey, 

respondents were first asked if they had a clear understanding, a general 

understanding or little understanding of what it means to study something 

scientifically. Those who reported either having a clear or general 

understanding were asked to provide an open-ended answer to the question, 

“What does it mean to study something scientifically?” The answers were 

coded on a rating scale of five categories3. Those whose answers fell into the 

first three categories were classified as having a minimal understanding of the 

process of scientific inquiry. The respondents were then given a scenario that 

was designed to test their understanding of a scientific experiment. The episode 

described two scientists intending to test whether a certain drug is effective 

against high blood pressure. The first scientist wants to give the drug to 1000 

people with high blood pressure and see how many of them experience lower 

blood pressure after the treatment. The second scientist wants to give the drug 

to 500 patients with high blood pressure, and not to give the drug to another 500 

patients; and see how many people in each group experience lower blood 

pressure after the treatment. To be classified as scientifically literate, a 

                                                 
3 The coding frame was applied to the analysis of the replicate interview question in this study. 
See Table 3-7 for the coding frame. 
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respondent not only had to choose the two-group model as a better way to test 

the drug, but also needed to provide an adequate explanation for the selection. 

After the set of questions about scientific experimentation, a multiple choice 

question intended to test the understanding of probability was given. This items 

says that a doctor told a couple that “their genetic makeup means that they’ve 

got a one-in-four chance of having a child with an inherited illness.” To be 

classified as scientifically literate, a respondent had to select the answer, “Each 

of the couple’s children has the same risk of suffering from the illness” (Miller, 

1998). 

Three factors were investigated for their relationship to the understanding 

of basic scientific constructs and understanding of the scientific inquiry process: 

gender, formal education and science/mathematics education. For formal 

education, the respondents were categorized into four levels by the highest 

degree they had received: less than high school, high school graduate, 

baccalaureate degree and graduate/professional degree. For 

science/mathematics education, the respondents were categorized by the 

number of science/mathematics courses they had taken. In general, in the 

measure of scientific construct, respondents who were male, who had more 

formal education and had taken more science/mathematics courses 

outperformed those who were female, who had less formal education and had 

taken fewer science/mathematics courses. The trend is similar in the measure of 

scientific inquiry process, except that the difference between male and female is 
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not as obvious.  

To be classified as attentive public, which is the third level in the model 

shown in Figure 2-3, the individuals not only had to be interested in new 

information on scientifically and technologically related issues but also be well 

informed about those issues. To obtain information about the attentive public, 

selected respondents’ mass media behaviors were surveyed. These mass media 

behaviors included the frequency of the respondent in accessing news from 

major types of mass media, the respondent’s interest in scientifically and 

technologically related news, and the extent to which the respondent felt he or 

she was informed about scientifically and technologically related news. 

In the Survey of Public Attitudes toward and Understanding of Science and 

Technology that was conducted in 2001, the respondents were classified into 

one of the three groups: the attentive, the interested, and the residuals (NSF, 

2002). The attentive public was defined as those who: “(1) express a high level 

interest in new scientific discoveries and new inventions and technologies; (2) 

feel very well informed about new scientific discoveries and new inventions 

and technologies; and (3) read a newspaper on a daily basis, read a weekly or 

monthly news magazine, or read a magazine relevant to new scientific 

discoveries and new inventions and technologies” (p.9). The interested public 

consists of those who claimed to have a high level of interest in new scientific 

discoveries and new inventions and technologies, but did not feel very well 

informed about them. The residual public consists of those who were neither 



 55

interested in nor felt very well informed about new scientific discoveries and 

new inventions and technologies.  

Since Miller took charge of the NSF survey in 1979, the survey results 

have been very consistent in that while more than 33% of the respondents 

report being very interested in the news of new scientific discoveries and new 

inventions and technologies, less than 19% report being very well informed 

about those two issues (NSF, 2002). Overall, congruent with the findings of 

measures of civic scientific literacy, respondents who are male, with higher 

formal education and having taken more science/mathematics courses are more 

interested in and better informed of new scientific discoveries and new 

inventions and technologies (NSF, 2002).  

In the 2001 NSF survey, only 7% of the respondents were classified as 

attentive public for issues regarding new scientific discoveries, and 6% as 

attentive public for issues of new inventions and technologies. About 53% and 

58% respectively were classified as the residual public, the population who are 

neither interested in nor feel very well informed about issues of new scientific 

discoveries, and the population who are neither interested in nor feel very well 

informed about issues of new inventions and technologies. In general, the 

attentive public demonstrated the highest percentages of correct answers among 

the three groups to the items for scientific concepts, followed by the interested 

public. The residuals had the fewest correct answers.  
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Civic Scientific Literacy Studies in Other Countries 

In the summer of 1988, researchers in Britain collaborated with Miller to 

conduct a survey of the public understanding of science (Durant, Evans & 

Thomas, 1989). This study investigated the public’s: (1) interest in and 

informedness about science and technology, (2) understanding of processes of 

scientific inquiry, and (3)understanding of basic scientific concepts. As was 

found in the United States, while the British public showed high interest in 

issues about science and technology, their informedness and basic knowledge of 

science were low.  

In 1989, a multinational survey on public perceptions of science was 

conducted in twelve countries of the European Union (Bauer, Durant & Evans, 

1994). Bauer et al. (1994) analyzed the survey data on the relationships between 

public interest in, knowledge of, and attitudes toward science and technology, 

as well as the level of industrialization. They found: (1) factual scientific 

knowledge correlates moderately positively with interest and attitudes toward 

science; (2) knowledge, interest in, and attitudes toward science showed a 

curvilinear relationship with level of industrialization; and (3) the internal 

consistency (Cronbach α) of the knowledge and the attitude measures declined 

as the national level of knowledge increased (Bauer, Durant & Evans, 1994).  

In 1992, the European Union conducted another multinational survey on 

the public understanding of and attitudes toward science and technology (INRA, 

1993.) The survey was parallel to the NSF survey in the United States. The 
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results of the 1992 Eurobarometer survey were later compared to those of the 

1995 NSF survey in the United States (Miller, 1998). Although the core items 

for measuring the first two dimensions of civic scientific literacy were identical 

in the two surveys, the 1992 Eurobarometer survey did not include open-ended 

questions. An item-response-theory (IRT) approach was employed to construct 

a common metric suitable for comparing results across nations. According to 

Miller (1998), the IRT method took into account the relative difficulty of the 

items and compensated for the slightly different compositions of each test and 

nation. The comparison showed that the proportion of the scientifically literate 

population varied from 1% to 10 % in the nations of the European Union, with 

an overall average of 5%. The United States had the highest proportion of 

scientifically literate adults. The percentage of civic scientifically literate adults 

in the United States was 12%.  

 

Alternative Perspectives on Studying Scientific Literacy 

Some researchers, while recognizing the importance of scientific literacy, 

do not approve of the way that Miller studied civic scientific literacy (Fayard, 

1992; Gross, 1994; Lévy-Leblond, 1992; Miller, S., 2001; Wynne, 1991, 1992). 

They have criticized Miller, stating that his work is based on a “deficit model” 

that depicts communication as a one-way and top-down flow from scientists to 

the public. In other words, in the deficit model, scientists are regarded as the 

only authority on scientific knowledge, and the public or lay people are 
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ignorant or deficient in scientific knowledge.  

Fayard (1992) makes the plea, “let’s stop persecuting people who don’t 

think like Galileo!” He takes himself as an example, “… I myself have never 

woken up in the morning saying ‘the movement of the Earth on its axis is such 

that the Sun can be seen in the east’ – in my daily life the Sun moves around the 

earth” (p.15). Fayard argues that by pointing out a dearth of scientific 

knowledge in the way that Miller measured has never managed to advance the 

understanding of the real issues.  

Gross (1994) suggests that the deficit model has at least three defects: first, 

it embodies a mistaken view of science (i.e., it draws a firm line between 

science and its popularizations); second, it isolates science from contexts that 

give it public significance; and third, it cannot address the ethical and political 

issues science raises, or ought to raise.  

Lévy-Leblond (1992) points out that the inappropriateness of equating the 

public with laypeople, that is, non-scientists. Lévy-Leblond argues that 

scientists and non-scientists are alike in the way that they share a common 

‘public misunderstanding of science’ (p.17). Lévy-Leblond (1992) argues, 

“Given that science is made up of diverse and heterogeneous research 

disciplines, ignorance about a particular domain of science is as great among 

scientists working in another domain as it is among laypeople” (p.17). 

Lévy-Leblond (1992) suggests there is a multitude of specific gaps between 

specialists and non-specialists in each field; however, there is no specific 



 59

knowledge gap between scientists and non-scientists.  

In addition, Lévy-Leblond (1992) points out the inappropriateness of 

testing the public understanding of science without taking into account the 

relative character of scientific knowledge. Lévy-Leblond (1992) argues: 

A scientific statement cannot be true or false, only true (or rather valid) 

if …, or false (or rather invalid) but… Science does not produce absolute 

and universal truths; on the contrary, it yields only conditional statements, 

and its specificity lies precisely in its ability to define their conditions of 

validity. (p.18)  

Durant, Evans, and Thomas (1992) make three major objections against 

the deficit model: first, the deficit model misrepresents science by portraying it 

as an unproblematic body of knowledge; second, the deficit model overlooks 

the fact that a great deal of scientific knowledge is both remote from and largely 

irrelevant to everyday life; and third, the deficit model embodies the specific 

value judgment that scientific understanding is inherently good. In response to 

the first objection, Durant et al. (1992), while agreeing that a great deal of 

science might be problematic, also acknowledge that a great deal of science is 

relatively unproblematic. Durant et al. (1992) suggest “… there is a reasonably 

stable body of knowledge against which levels of public understanding of 

science may be measured” (p.163). In response to the second objection, Durant 

et al. (1992) argue that science, just like other subjects; for instance, art, history 

or politics; is a part of universal education, by which everybody possesses at 



 60

least some elementary knowledge of a whole series of subjects.  

In response to the last objection, that their model was based on the 

assumed value of scientific knowledge, Durant et al. (1992) refer to the 

misemployment of the IQ test to show the misuse of the deficit model. Durant 

et al. (1992) argue that the French psychologist, Alfred Binet, developed the IQ 

test in order to identify and provide aid to those pupils who were in need of 

educational assistance. But later, the IQ test was commonly used to identify the 

specially-gifted. In other words, while psychometric measurement may be used 

to target resources in various ways, Durant et al. (1992) argue, “there is nothing 

necessarily prejudicial about the wish to find out how well individuals are doing 

in any particular area of scientific attainment” (p.164). 

Those scholars who oppose the deficit model suggest studying scientific 

literacy with a contextual approach (Fayard, 1992; Gross, 1994; Lévy-Leblond, 

1992; Miller, S., 2001; Wynne, 1991; Wynne, 1992). Wynne (1992) argues, “… 

people experience science socially, not in abstract, purely cognitive form” 

(p.42). The contextual approach regards the interaction between science and the 

public as symmetrical. As S. Miller (2001) writes, “while scientists may have 

scientific facts at their disposal, the members of the public concerned have local 

knowledge and an understanding of, and personal interest in, the problems to be 

solved” (p.117).  
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Summary 

This chapter began with a clarification of four terms: science literacy, 

scientific literacy, civic scientific literacy and public understanding of science. 

While Maienschein (1998) concludes, based on an extensive survey of literature 

associated with science and scientific literacy that science literacy focuses on 

gaining units of scientific knowledge and scientific literacy emphasizes 

scientific ways of knowing and the process of critical as well as creative 

thinking about the natural world, the author of this dissertation does not fully 

agree with that conclusion because it does not correspond with the author’s 

experience of exploring the literature. Civic scientific literacy can be regarded 

as a form of scientific literacy. Civic scientific literacy stresses the knowledge 

of science and technology essential for a citizen to consume new information of 

science and technology as well as to participate in the social debates of issues 

about science and technology. Public understanding of science covers various 

aspects about the public’s understanding of or attitudes toward science, 

scientists, scientific policies, and science-related issues. Civic scientific literacy 

is one of the aspects included in the public understanding of science.  

Followed by the clarification of terms, a historical review of the 

conception of scientific literacy was presented. The earliest concepts of 

scientific literacy can be traced back to publications as early as the 1950s. In the 

1960s and 1970s, different interpretations and definitions of scientific literacy 

were proposed. Some were based on surveying literature (e.g., Agin, 1974, and 
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Pella et. al, 1996) or opinions of experts (e.g., Carleton, 1963), and some were 

based on personal perceptions of what the essential elements of scientific 

literacy are (e.g., Evans, 1970; Hurd, 1970). Some focused on the knowledge, 

characteristics or abilities a scientifically literate individual should possess (e.g., 

Agin, 1974; Evans, 1970; Hurd, 1958, 1970; Pella, 1976), some placed more 

stress on individuals being able to function minimally as citizens in a 

scientifically and technologically based democratic society (Shen, 1975). 

Three influential publications that have guided science education were 

released in the late 1980s to the mid-1990s in the United States: Science for All 

Americans (AAAS, 1989), Benchmark of Scientific Literacy (AAAS, 1993), 

and National Science Education Standards (NRC, 1996). The three publications 

are probably the most comprehensive documents about scientific literacy to 

date.  

Following a review of the three publications, this chapter presented the 

studies on civic scientific literacy, especially the work of Jon D. Miller. Miller’s 

three-dimensional model and his framework for studying civic scientific 

literacy has been particular influential in the research area of public 

understanding of science. Since Miller took over the design of the biennial NSF 

survey, Survey on Public’s Attitudes Toward and Understanding of Science and 

Technology, in 1979, he has developed item pools to measure each of the three 

dimensions of civic scientific literacy in the population of American adults 

(Miller, 1998). In addition, another focus of Miller’s work is people’s interest in 
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and informedness of new information on science and technology (Miller, 1983, 

1987). Miller believes that the proportion of scientifically literate citizens and 

attentive public (those who are interested in and informed of new information 

of science and technology) are indicators of a scientifically and technologically 

based democratic society (Miller, 1983, 1987). According to the accumulative 

results of the NSF survey (NSF, 2002), while the American public shows high 

interest in news about issues of science and technology, their informedness of 

news about issues of science and technology is relatively low, and the size of 

the scientifically literate population is relatively small. People who are male, 

with higher formal education and having taken more courses in science and 

mathematics outperformed those who are female, with lower formal education 

and having taken fewer courses in science and mathematics (NSF, 2002).  

Miller’s survey questions, especially those for measuring understanding of 

scientific constructs and scientific inquiry process, have been replicated in 

studies conducted in other countries (Bauer, Durant, & Evans, 1994; Durant, 

Evans, & Thomas, 1989; Durant, Evans, & Thomas, 1992; Zhang, & Zhang, 

1993).  

The final section presents different viewpoints on studying the scientific 

literacy of the public. Some researchers argue that an individual’s interaction 

with science is a social process (Fayard, 1992; Gross, 1994; Lévy-Leblond, 

1992; Miller, S., 2001; Wynne, 1991; Wynne, 1992). In their view, studying 

scientific literacy needs to take into account the social context and purpose of 
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the individual. This school of researchers criticizes the deficit model, or the 

approach that Miller adopted, an approach with they say regards scientists as 

the only authority of scientific knowledge and neglects the individual’s need in 

dealing with the scientifically and technologically related information and 

events in their daily life. They suggest a contextual approach to studying 

scientific literacy. 

This study adopted Miller’s framework to study the level of Taiwanese 

graduate students’ civic scientific literacy. In the following chapter, the research 

method of this study is reported. 
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CHAPTER 3 

METHODOLOGY 

This chapter describes the research methods that were used to investigate 

the level of civic scientific literacy of Taiwanese graduate students. A web 

survey was designed and administered to obtain quantitative information, which 

included measures of understanding of basic scientific constructs, 

understanding of the scientific inquiry process, attitudes toward the impact of 

science and technology, interest in and informedness of new information about 

science and technology, and perceptions of junior high school science education. 

Individual interviews to purposefully selected survey participants were 

employed to obtain additional information pertaining to participants’ levels of 

scientific literacy. The first section of this chapter describes the research design, 

including the appropriateness and limitations of the web survey, and the 

purpose for using individual interviews. The second section describes the 

participants of the survey and interviews. The third section presents both the 

instruments that were employed in the web survey as well as the interview 

guide for the interviews. The fourth section covers the data collection, and 

includes details about the pilot study for the web survey and the interviews. The 

last section details the data analysis methods for the survey and interviews. 

 

Research Design 

This study primarily involved two components: a web survey and 



 66

individual interviews. The web survey was aimed at informing the first two sets 

of research questions, which were:  

1. What is the level of Taiwanese graduate students’ civic scientific 

literacy? What is the level of Taiwanese graduate students’ 

understanding of the first and second dimensions of civic scientific 

literacy, respectively? What are Taiwanese graduate students’ attitudes 

toward the impact of science and technology on individuals and on 

society? 

2. To what extent do Taiwanese graduate students’ background variables 

(e.g., gender, type of institution, academic major) relate to their level 

of civic scientific literacy, mass media behavior (e.g., interest in 

scientifically and technologically related information, informed by 

scientifically and technologically related information), and perceptions 

of junior high science education? 

The interviews were aimed at informing the third set of research questions, 

which were:  

3. How differently will Taiwanese graduate students who demonstrate 

different levels of civic scientific literacy in the web survey give verbal 

definitions of “a scientific study?” How differently will they react to 

the same selected scientific and/or technological article? And how do 

they think the science education they experienced in junior high school 

relate to their life? 
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Appropriateness of the Web Survey 

Surveys are a widely used research technique, especially in studies aimed 

at collecting a large quantity of information in order to estimate population 

characteristics and relationships between variables (Bordens & Abbott, 2002; 

Jolliffe, 1986). Compared with traditional survey modes such as mail and 

telephone, a methodology for the use of Internet-based surveys has been 

developing only since the 1990s. Internet surveys are commonly divided into 

two major categories: email surveys and web surveys. While email surveys are 

in general easier to compose and distribute, web surveys are superior in 

providing a more user friendly interface and an appearance that more closely 

resembles a paper-based survey (Dillman, 2000; Schonlau, Fricker, & Elliott, 

2002.) The following lists some commonly mentioned advantages of a web 

survey: 

a. It can be completed at respondents’ convenience. 

b. Data entry is almost concurrent with data collection. 

c. It is usually much less expensive than other modes of data 

collection. 

d. It is convenient for populations who are accustomed to accessing the 

Internet.  

e. It can be designed to reduce missing data. 
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f. More dynamic interaction can be achieved, such as pop-up 

instructions and skip-patterns. 

A web survey was considered appropriate for this study due to the fact that 

the population examined in this study, Taiwanese graduate students, was 

expected to possess a high level of computer literacy and was accustomed to 

accessing the Internet. Only under this condition are the other advantages of a 

web survey practical. 

In developing the web survey for this study, the layout of the web 

questionnaire was designed to simulate a paper questionnaire. A skip pattern 

was employed to facilitate the smoothness of the responding process. At the 

same time, steps were taken to minimize unintentional missing data; whenever 

the submit button was clicked, a warning message listing any unanswered 

questions would pop up. Respondents were prompted to either submit the 

incomplete questionnaire or go back to the unanswered questions. After the 

questionnaire was submitted, the respondent would view a final webpage with a 

“thank you for participating in the survey” message. In addition to expressing 

the researcher’s appreciation, the thank you message also functioned in 

preventing double clicking on the submit button and which would result in 

sending the filled questionnaire twice  

The web questionnaire was pretested on different computers by several 

testers. The purpose of the pretest was to assure the readability (including the 

appearance of the questionnaire and the wording of the content) and stability 
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(including the function of the skip pattern and pop up messages, and the 

connection to the database). 

 

Limitations of the Web Survey 

As Schonlau et al., (2002) pointed out, although Internet-based surveys are 

becoming increasingly popular, it is still in its infancy. According to the 

literature survey done by Schonlau et al., (2002), while the response rates of 

typical mail surveys vary from 25% to 80%, web surveys range from 7% to 

44%. The reason behind the relatively low response rate of web surveys is still 

not clear.  

A low response rate increases the risk of the occurrence of nonresponse 

error (Dillman, 2000; Schonlau, Fricker, & Elliott, 2002.). According to 

Dillman (2000), “Nonresponse error occurs when a significant number of 

people in the survey sample do not respond to the questionnaire and have 

different characteristics from those who do respond, when these characteristics 

are important to this study.” (p.10) However, there is no effective way to 

distinguish whether different characteristics, which are relevant to the survey, 

do distinguish the respondents from the nonrespondents.  

Other commonly documented disadvantages of web surveys include: 

a. People who are not able to access the Internet are excluded. 

b. Computer literacy is required. 

c. It is usually difficult to get a random sample. 
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d. It is usually difficult to prevent double answering from the same 

respondent. 

However, these conditions are not expected to apply to the sample population of 

interest in this particular study. 

 

Individual Interviews 

The purpose of the individual interviews was two-fold: (1) to provide 

additional information to validate the survey, and (2) to explore the participants’ 

scientific literacy in a given context. Instead of measuring a participant’s level 

of scientific literacy by discrete scientific facts, the researcher intended to probe 

the participant’s understanding of basic scientific constructs embedded in a 

scientific article and the participant’s understanding of scientific inquiry as 

expressed in his/her own words.  

 

Participants  

Survey Population 

According to Dillman (2000), “the survey population consists of all of the 

units (individuals, households, organizations) to which one desires to generalize 

survey results” (p.196). In this study, the survey population included Taiwanese 

graduate students who were pursuing a degree in graduate programs in the 

following three institution types: a national university, a private university, or a 

technical university or college. Students in these three types of institutions 
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compose around 91.4% of the body of graduate students in Taiwan (Table 3-1). 

Only graduate students in the above three types of institutions are of 

interest for the study. This selection is based on the following two 

considerations. Firstly, the national and private universities contain graduate 

programs offering a full spectrum of academic disciplines. The institutions not 

included in the study were mostly field-specific or contained few academic 

fields, such as nursing, medical fields, or kinesiology. Thus, surveying students 

in the above three types of institutions was expected to produce a broad 

understanding of the relationship between academic discipline and level of 

scientific literacy.  

Next, the student quality is expected to vary across the three types of 

institutions. The three types of institutions are different in funding, academic 

reputation, and sources of students. Generally speaking, compared to private 

universities and technical institutions, national universities (also commonly 

called public universities) receive better funding from the government and are 

superior in academic reputation. Students prefer to attend a national university 

over a private university or technical institution if they have the choice.  

In terms of student academic background, while the majority of the student 

body of public and private universities is expected to have followed the 

academic educational track, technical universities and technical colleges have 

higher percentages of students who have completed a vocational track. In other 

words, after completing the nine-year compulsory education, the majority of the 
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students in public and private universities attended a senior high school, 

followed by a four-year university or independent college, and then a graduate 

school. On the other hand, a great proportion of students in technical 

institutions, instead of attending a regular senior high school, attended a 

vocational high school or five-year junior college after graduating from junior 

high. It is customary in Taiwan that those who fail to enter a good senior high 

school will attend a vocational school. It is expected that these vocational track 

students will differ from their national and private university counterparts not 

only in their basic scientific training, but also in their attitudes toward junior 

high school.  

Students who follow the academic track may also vary in their 

backgrounds and perspectives. As stated in Chapter 1, senior high school 

students of different concentrations (i.e., humanities and science) have different 

requirements for taking science courses; it is expected that students coming 

from different senior high school concentrations will have different 

characteristics. 

The survey was conducted in September 2003, which was in the first 

semester of the school year of 2003-2004. Since up-to-date statistics of the 

survey population were not obtainable from the statistical database of the 

Ministry of Education of Taiwan, statistics for the 2002-2003 school year were 

referenced. Table 3-1 summarizes the fundamental descriptive statistics of 

Taiwanese graduate students in the 2002-2003 school year (Bureau of Statistics, 
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2003). 

The student volume in higher education in Taiwan has been expanding 

rapidly in recent years. The expansion is most obvious in technical colleges and 

technical universities. It is expected that the total number of Taiwanese graduate 

students in the 2003-2004 school year is higher than that in the 2002-2003 

school year.4 

 

Table 3-1 Descriptive statistics of Taiwanese graduate students in the 
2002-2003 school year: type of institution, gender, and degree in process. 

Master’s Degree Doctorate Degree Type of Institution 
Male Female Male Female 

National university a 33624 19154 11122 3449 
National technical university a 6694 1526 928 174 

National technical college a 83 8 0 0 
National college of teacher education 2432 3825 94 58 

National university/college of art 584 695 1 7 
National college of kinesiology 470 276 41 7 

National college of nursing 29 288 0 0 
Private university a 18747 10608 1795 703 

Private technical university a 1193 464 3 0 
Private technical college a 771 420 5 2 
Private medical university 587 821 214 102 

    
Subtotal 65214 38085 14203 4502 

Total 122,004 
a. Graduate programs of these types of institutions consisted of the sample 

                                                 
4 According to the 2001-2002 school year database maintained by the Ministry of Education, 
the total number of graduate students, including both master’s and doctoral degree students, was 
103,213. The total number increased by more than 18,000 in the database of the 2003-2003 
school year. 
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frame.  

 

Sample Frame 

“The sample frame is the set of people that have a chance to be selected, 

given the sampling approach that is chosen” (Fowler, 2001, p.11). “The sample 

frame is the list from which a sample is to be drawn in order to represent the 

survey population” (Dillman, 2000, p.11). In this study, the sample frame was a 

list of graduate programs associated with the three types of institutions and 

eleven academic categories in Taiwan during the 2002-2003 school year. The 

graduate program list was obtained from the statistical database of the Ministry 

of Education of Taiwan (Bureau of Statistics, 2003). Table 3-2 describes the 

descriptive statistics of the sample frame. 

 

Interview 

The interviewees were purposefully selected from the survey participants 

who expressed a willingness to be contacted by the researcher. A total number 

of eight interviewees was recruited. Among the eight interview participants, 

four demonstrated a high level and another four demonstrated a low level of 

civic scientific literacy according to the measures of the first and second 

dimensions.5 Four exhibited high interest in obtaining news about science and  

                                                 
5 Only the scores of the scientific construct (the first dimension) and process of scientific 
inquiry (the second dimension) were counted. The total score of the two measures was 17 points. 
Those who were identified as high in scientific literacy received a total score of 16 or 17 in the 
two measures. Those who were identified as low in scientific literacy received a total score 
equal to or less than 13 points in the two measures. 
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technology-related issues, and another four exhibited low interest in acquiring 

such information.6 Table 3-3 shows the demographic information of the eight 

interviewees.  

 

Table 3-3 Demographic information of interviewees 

Pseudonym of 
Participant  

Gender Scientific 
Literacy 

Interest in  
News of Scientifically/ 

Technologically Related 
Issues  

Sharon Female High High 
Charlie Male High High 
Rachel Female High Low 
David Male High Low 
Molly Female Low High 
Kevin Male Low High 
Irene Female Low Low 
Jason Male Low Low 

 
Instrumentation 

The instruments used in this study included a six-section survey 

questionnaire and one interview guide. The selection or development of each 

instrument is described in the following sections. 

 

 

                                                 
6 The total score for the measure of interest in news of scientifically and technologically related 
issues was 10 points. Those who were categorized as high interest received a score of 9 or 10 
points. Those who were categorized as low interest received a score of less than 4 points. 
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Interest in and Informedness of Science and Technology News (ISTN) 

The survey items for the ISTN section were mainly adapted from items 

asked in the NSF surveys (NSF, 2002) or the Eurobarometer surveys (INRA, 

1993). The items were translated from English into Chinese by the researcher. 

One Taiwanese graduate student at The University of Texas at Austin with a 

specialization in linguistics and a baccalaureate degree in English reviewed the 

translation. Another doctoral student at the same school with a specialization in 

foreign language education verified the translated questionnaire through back 

translation. The translation and back translation procedure applied to other 

inventories that involved translation in this study as well. 

In the ISTN section, 17 items were categorized into four sub-sections 

(Appendix A). The first sub-section, which comprises four items (items 1-1a to 

1-1d) was intended to probe in general the respondents’ frequency of acquiring 

news (i.e., hardly ever, 1 to 2 days per week, 3-4 days per week, 5-6 days per 

week, almost everyday) from four different forms of mass media (i.e., TV, 

newspapers, broadcast, and Internet). A respondent had to regularly access at 

least one of the four types of mass media on a 3-4 days per week basis to be 

considered in the analysis of interest in and informedness of science and 

technology news. 

The two items in the second sub-section7 (items 1-2c and 1-2d) and fourth 

                                                 
7 The rest of the items in the second sub-section were not relevant to the measure of interest in 
news of scientifically and technologically related issues. They were kept because in the pre-tests 
some test-takers suggested that they felt awkward when these items were absent.   
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sub-section (items 1-4a to 1-4d) aimed to measure the respondents’ interest in 

news of scientifically and technologically related issues. For the second section, 

a five-point Likert-type scale was applied to elicit the extent (i.e., not at all 

interested, somewhat uninterested, neutral, somewhat interested, and very 

interested) to which the respondents were interested in news of new scientific 

discoveries and new inventions and technology. In the fourth sub-section, a 

four-point scale (i.e., never, hardly ever, occasionally, and often) was utilized to 

ask the respondents’ frequency in acquiring scientifically and technologically 

related information from articles in the newspapers, TV programs, and 

magazines covering topics of general science and technology.  

The scoring method of Bauer et al., (1994) on the interest in news of 

scientifically and technologically related issues was consulted for this study. 

Selecting “somewhat interested” and “very interested” in the second 

sub-section was worth one and two point(s) respectively. Selecting 

“occasionally” and “often” in the fourth sub-section was also worth one and 

two point(s) respectively. Zero points applied to selecting the other responses. 

The total score ranges from 0 to 10 points for the measure of interest in science 

and technology news. 

The third sub-section comprised only two items. These two items were 

designed to determine the extent (i.e., very poorly informed, moderately well 

informed, and very well informed) to which the respondents were informed of 

news of new scientific discovery, as well as new inventions and technology. 
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Selecting “moderately informed” and “well informed” for each of the two items 

was worth one and two point(s) respectively. The total score ranged from 0 to 4 

points for the measure of informedness of science and technology news.  

 

Understanding of Basic Scientific Constructs (UBSC) 

The UBSC section was designed for the measurement of the first 

dimension of civic scientific literacy: a vocabulary of basic scientific constructs 

sufficient to read competing views in a newspaper or magazine. Twelve items, 

among which eleven were true-false questions and one was a multiple-choice 

question, were included in this section (Appendix B). These questions, aimed at 

testing the respondents’ understanding of basic scientific constructs, were 

selected from the item pool of the 1992 Eurobarometer Survey (INRA, 1993) 

and the 2001 NSF survey (NSF, 2002). For each of the items, a correct answer 

counted as one point; an incorrect or “don’t know” answer was worth zero 

points. The total score ranged from zero points to twelve points. 

 

Understanding of Scientific Inquiry Process (USIP) 

The USIP section comprised five items (Appendix C). Three items (items 

3-1, 3-2, and 3-3) were selected from the 1992 Eurobarometer Survey (INRA, 

1993) and the 2001 NSF survey (NSF, 2002); another two items (items 3-4 and 

3-5) were from the 1988 British Survey (Durant, Evans, & Thomas, 1989). 

These items were designed for the measurement of the second dimension of 
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civic scientific literacy: an understanding of the process or the nature of 

scientific inquiry. For each of the items, a correct answer counted as one point; 

an incorrect or “don’t know” answer was worth zero points. The total score 

ranged from zero points to five points. 

 

Attitudes toward the Impact of Science and Technology (AIST) 

This section was intended to obtain information about the respondents’ 

attitudes toward the impact of science and technology, the third dimension of 

civic scientific literacy defined by Miller. While the item pools for testing the 

first two dimensions of civic scientific literacy have been replicated in many 

national and multinational surveys, the measurement of the third dimension was 

found by Miller (1998) to vary substantially in content among different nations. 

Fourteen items employed in the 2001 NFS survey (NFS, 2002) were selected 

for this study (Appendix D). These items were selected because they were not 

specific to a certain social context; they ask about attitudes toward general 

issues regarding the impact of science and technology.  

A seven-point scale was applied to this section: (1) means strongly 

disagree and (7) means strongly agree. For each of the options, a point score 

was applied. Due to that the purpose of the AIST section was to investigate the 

respondents’ subjective attitudes toward the impact of science and technology, 

there was no right or wrong answer to each item. Thus, only the response 

frequency to and mean score of each item were analyzed. No composite score 
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was applied to the AIST section. 

 

Perceptions of Junior High School Science Education (PJSE) 

The PJSE section was aimed at exploring the respondents’ perceptions of 

junior high school science education. As stated in Chapter 1, junior high school 

is the highest level of compulsory education in Taiwan. Junior high school 

science is expected to provide all citizens of Taiwan with fundamental scientific 

literacy. A 9-item inventory developed by the researcher attempted to explore 

the respondents’ perceptions of junior high school science, specifically on the 

aspects of the initiation of their interest on science (item 5-1), the understanding 

of science, scientific facts, and scientific inquiry (items 5-4, 5-6, and 5-7), the 

relationship to their daily life (items 5-2 and 5-9), consuming scientifically and 

technologically related news (items 5-3 and 5-8), and its relationship to success 

on the senior high school entrance exam(item 5-5). The nine items are listed in 

Appendix E.  

The second item (item 5-2) was negatively worded to guard against an 

acquiescence, affirmation, or agreement bias (DeVellis, 1991). A seven-point 

scale was applied. While (1) means strongly disagree and (7) means strongly 

agree, the selections of (2) through (6) were only numbered without a 

description. To obtain a score, a point value was assigned to each choice the 

participant made and then the points were totaled. The total possible points 

ranged from 0 to 63.   
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In the pilot study, there were four sub-sections for the PJSE section, with 

nine items in each sub-section. Instead of expressing their overall perceptions of 

junior high school science, respondents responded to four different scientific 

subjects covered in junior high school, namely: physics-chemistry, biology, 

health education, and earth science. While the reliability test showed that 

Cronbach’s α for each sub-section was higher than 0.9 (Table 3-4), many 

respondents in the pilot study suggested that the PJSE section was too lengthy 

and too detailed on each subject, which made them unwilling to complete the 

section. Some respondents did not take earth science at all or could not 

remember having the course in junior high school. Others reflected that they did 

not think health education was a part of science education. In the main study, 

the four sub-sections were merged into one single section concerning the 

overall perception of junior high school science. This combination was 

regarded as appropriate because the purpose of the PJSE inventory was not to 

distinguish perceptions of different scientific subjects. The Cronbach’s α of the 

combined version of PJSE was computed 0.8895, which, while lower than that 

of each of the original sub-scales, was still in a comfortable range. 

 

Table 3-4 Cronbach’s α of each sub-section of PJSE in the pilot study 

Sub-scale Cronbach’s α 
Physics-chemistry .9053 

Biology .9292 
Health education .9208 

Earth science .9345 
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Demographic Information 

The demographic information section contained ten items, which 

attempted to obtain information on participants’ background characteristics that 

might relate to their level of scientific literacy. In addition, this information was 

used to filter out those respondents who were not graduate students when the 

survey was being conducted. The background information included: (1) gender, 

(2) year of birth, (3) type of school attended after junior high, (4) concentration 

in senior high school, (5) type of institution, (6) academic field of bachelor’s 

degree, (7) academic field of master’s degree and (8) academic field of doctoral 

degree. Appendix E lists the items included in the demographic section.  

 

Interview Guide 

The individual interviews were designed to gather additional information 

on participants’ civic scientific literacy in terms of the three dimensions defined 

by Miller (Miller, 1983, 1998). The semi-structured interviews were conducted 

following the interview guide listed in Appendix F.  

 

Data Collection 

Survey Pilot Study 

A pilot study survey was conducted in late April 2003, about five months 

before the main survey was to begin. The purpose of the pilot study was to (1) 

assess the survey procedure (i.e., sampling, response curve, and response rate); 
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(2) check the reliability of the researcher-developed items regarding perceptions 

of junior high school science education; and (3) test the planned analytical 

procedures. 

One national university was selected for the pilot study. Two emails, an 

invitation email and a follow-up email, were forwarded to all graduate students 

by the Computer Center personnel of the university. The emails were sent 

through the Computer Center, not sent directly from the researcher, due to the 

fact that there is the Computer-Processed Personal Data Protection Law in 

Taiwan. The law states that it is illegal for a university to release the email 

accounts of its students for the purpose of research.  

The pilot study revealed two major flaws pertaining to cluster sampling 

students in a whole university. First, while the Computer Center keeps a record 

of all students’ email accounts that were offered by the school, some students 

might not access their school email account. This may partially account for the 

low response rate of the pilot study (The response rate was only around 10% for 

the pilot study.). The second flaw comes from the huge number of email 

accounts maintained by the Computer Center. This flaw was reflected in two 

respects. First, the invitation email was incorrectly distributed to all 

undergraduate students of the university. As a result, although it was stated in 

both the invitation email and the questionnaire that the study was for graduate 

students only, many undergraduate students responded to the survey questions. 

Second, the number of emails sent to graduate students was 1,394 more than the 
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number of graduate students listed in the database of the Ministry of Education. 

Since the pilot study was conducted in the second semester of the 2002-2003 

school year and the database of the 2002-2003 school year was consulted, it is 

likely that the discrepancy between the numbers came from the maintenance of 

the email accounts in the Computer Center. One possibility, for example, was 

that the Computer Center might not have removed all the accounts of students 

who had already graduated. This would result in a low estimation of the 

response rate. 

 

Main Web Survey 

In the main web survey, instead of cluster sampling of intact schools of 

higher education (as was done in the pilot study), a combination of stratified, 

systematic and cluster sampling approaches were employed. The sample frame 

was described in the previous section. The primary sampling units included 

individual graduate programs. The survey population was stratified by three 

types of higher education institutions (i.e., national university, private university, 

and technical college/university.) Within each stratum, the primary sampling 

unit was further stratified by academic field. Systematic sampling was applied 

within each stratum. The number of primary sampling units selected from each 

stratum varied to effectively depict the proportion in the population. The change 

mainly promoted two objectives: first, to achieve a better representation of the 

survey population; and second, to prevent errors resulting from having emails 
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forwarded by the Computer Center of the selected schools.  

The total number of Taiwanese graduate students across the three types of 

institutions and the eleven academic fields in the 2002-2003 school year was 

used as the total size of the survey population (N=96,492; Table 3-2). The 

desired precision of the statistical estimate was set at 5%, while the expected 

variance was set at 2.5%, and the desired confidence level was set at 95%. The 

response rate, based on the estimated response rate of the pilot study, was set at 

10%. Given the variables above, according to Kalton (1983), the sample size 

was expected to be 3,830. A total number of 75 graduate programs were 

initially selected. Based on the database of the 2002-2003 school year, a total 

number of 5,677 graduate students were in the selected programs. An inquiry 

email was sent to each of the selected programs to request that they forward an 

invitation to participate in the survey as well as a follow-up email to all of the 

graduate students of the program. Those programs which did not reply within a 

week were contacted by telephone. Seventeen of the selected programs 

explicitly indicated they would not be able to help. As a result, graduate 

students of the other 58 initially selected graduate programs composed the final 

sample. Those programs which agreed to forward emails were asked to report 

the exact number of graduate students in the program. These reports indicated 

that a total number of 4,407 graduate students were indirectly invited to 

participate in the survey (Table 3-5). An invitation letter was forwarded by the 

58 graduate programs to their graduate students. About five days to one week 
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after the invitation email was sent, a follow-up email was forwarded.  

 
Table 3-5 Number of graduate programs and graduate students that were 
contacted 

 National university Private university Technical 
University/College 

 

Academic 
field 

Number 
of 

programs  

Number 
of 

graduate 
students

Number 
of 

programs 

Number 
of 

graduate 
students 

Number 
of 

programs  

Number 
of 

graduate 
students 

Education 3 169 1 85 2 62 

Humanities 1 42 3 52 1 117 

Social Sciences 3 216 4 163   

Business 2 244 2 135 4 154 

Law 1 24 1 193   

Natural 
Sciences 

4 363 1 47 1 55 

Mathematics & 
Computer 
Sciences 

3 345 3 218 2 57 

Medical 
Sciences 

2 141 2 130   

Engineering 3 563 2 159 3 461 

Agricultural 
Related 

1 65 1 68 1 56 

Communication   1 23   

       

Subtotal 23 2172 21 1273 14 962 

Total number of programs selected=58 

Total number of graduate students included=4,407 
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Upon clicking the website link attached in the invitation and follow-up 

emails, the respondents were directed to a cover letter-like webpage, which 

described the purpose of the survey, the assurance of confidentiality, and what 

the participants were expected to do (Appendix I). There was another link 

embedded in the cover letter-like webpage that directed the respondents to the 

webpage of the questionnaire (Appendix H). 

 

Individual Interviews 

Survey respondents were asked to share their email address and telephone 

number if they were willing to be further contacted by the investigator. Those 

who released their contact information were categorized by their combination 

score of UBSC and USIP, as well as their score on the ISTN (Table 3-3). The 

interviews were semi-structured and conducted with the interview guide listed 

in Appendix F. Each interview lasted 20-50 minutes. 

 

Data Analysis 

Analysis of the Survey 

A total of 548 responses were collected. Among the 548 collected 

responses, 525 were regarded as effective and were retained for final analysis. 

The remaining 23 responses which either failed to provide personal information 

that indicated an identity of graduate student (10 responses) or did not respond 

to at least one section of survey items (13 responses) were discarded. The 
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response rate was 11.9%. 

The statistical analysis of the responses to the questionnaires was 

conducted using the SPSS (Statistical Packages for the Social Sciences) for 

Windows version 10.0 and the SAS System for Windows version 8. The 

statistical methods applied in the quantitative analysis included: 

1. Descriptive statistics such as frequencies, means, and standard errors 

were computed to summarize the participants’ responses to the five major 

sections of survey items, namely: interest in and informedness of science and 

technology news, understanding of basic scientific constructs, understanding of 

the scientific inquiry process, attitudes toward the impact of science and 

technology, and perceptions of junior high school science education. 

2. Regression models with dummy coding of categorical variables were 

performed to examine whether significant differences existed among different 

groups of participants (i.e., gender, school type, and academic field) on the 

means of the five major sections of the survey items. For a dichotomous 

variable, such as gender, this analysis method is equivalent to an independent 

t-test. For categorical variables with more than three categories (e.g., school 

type and academic field) the regression model with dummy coding of the 

categorical variables is equivalent to a one-way ANOVA test.  

Instead of using a regular ANOVA or a regular t-test, but adopting a 

regression model to do the analysis was in consideration of the complex sample 

design. While the ANOVA and t-test functions provided by the commercial 
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statistical analysis software package, such as SPSS and SAS, are based on a 

simple random sampling design, this study adopted a combination of stratified 

and clustered sampling. In addition, to adjust the disproportionate 

representation of the sample strata to the population strata so that the sample 

could better represent the population (Frankel, 1983), the responses of sample 

elements were post-stratified and weighted by school type and academic area.8 

A regular ANOVA and t-test function provided by SPSS and SAS could not 

support applying a weight, which adjusted for both school type and academic 

area, to each of the survey responses. Using a regular ANOVA and t-test 

function provided by SPSS and SAS would result in a too small standard error. 

The SUREYREG function provided in SAS allowed applying a weight to each 

of the survey responses and would result in a better estimate of the standard 

error. Thus, the SURVEYREG function was adopted in this study to do the 

equivalent ANOVA and t-test job.  

If an equivalent one-way ANOVA analysis showed that a significant 

difference existed among means of different categories, a post hoc test was 

performed for each pair of categorical variables in order to determine which 

                                                 
8 The stratum weight of each stratum was computed (Table 3-6). Before the 
statistical analysis the score of each sample element was weighted by the 
reciprocal of the stratum weight. 
Stratum weight (Wh) is calculated by “number of elements in the sample 
stratum (nh) divided by number of population in the corresponding stratum 
(Nh)” i.e., Wh=nh/Nh. 
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pair or pairs of categories were different. The post hoc comparisons were also 

done by the SURVEYREG function. 

3. The reliability coefficient, Cronbach’s α, was computed for the 

researcher-developed section of the survey items: perceptions of junior high 

school science education. A value of 0.8895 was resulted in. 

 

Analysis of the Interview Data 

Each of the individual interviews was audio-taped, transcribed, and 

analyzed. The coding frame (Table 3-7) employed in Miller’s work was adopted 

to analyze the response to the question, “What does it mean to study something 

scientifically?” The response to the meaning of selected scientific terms was 

analyzed by comparing the response to the definitions of the terms  in a 
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dictionary of scientific terms (Appendix P). Open coding was applied to 

questions that asked interviewees’ perceptions or experiences. The results were 

reviewed by two Taiwanese doctoral graduate students studying at The 

University of Texas at Austin; one with a specialization in Foreign Language 

Education, and the other with a specialization in Chemistry. The purpose of the 

review by the two Taiwanese doctoral students was for peer debriefing, which 

helped prevent the investigator from being biased when interpreting the 

interview data (Newman & Benz, 1998). 

 

Summary 

In summary, this study adopted a web survey to obtain quantitative 

information that addressed the first two sets of research questions. In addition to 

the web survey, individual interviews were administered to obtain qualitative 

information that addressed the third set of research questions.  

The survey population included Taiwanese graduate students in eleven 

academic disciplines across three types of institutions. A sampling approach 

that combined stratified, systematic, and cluster sampling was employed, with 

graduate programs in the eleven academic areas and three institution types as 

primary sampling units. 
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Table 3-7 Coding Frame of the Question, “What does it mean to study 
something scientifically?” (Bauer & Schoon, 1993) 

1. Theory construction and testing 
 Response states that studying something scientifically means that 

it is studied in the context of a theory about the problem/phenomenon 
being examined, and/or the study is an attempt to disprove a hypothesis 
about the nature of the phenomenon/problem being studied.  

The word “theory” and/or “hypothesis” would almost certainly 
need to appear in the response to justify inclusion in this code. 

 
2. To undertake experiment/tests 
 Responses not falling into code one above but which refer to the 

process of the study being to carry out experiments or tests in a strictly 
controlled way (this may be implied rather than explicitly stated). Words 
used, in addition to “experiment” or “test”, could be “using strict 
controls” or “control groups.” 

 
3. Open, in-depth exploration of phenomena/problem to be examined 
 Responses that do not fall into codes 1 or 2 but which talk about 

evaluating the problem in an unbiased/open-minded way, taking into 
account all possible information, and/or studying it on a rigorous logical 
basis. 

 
4. To measure or classify with no mention of any rigor in the process  
 Codes 1 to 3 do not apply to the response. It may describe a study 

in terms of concrete actions used by scientists (e.g. use a microscope or 
telescope) or it may talk about measuring or classifying without 
mentioning the need to use an unbiased rational approach. 

 
5. Other answers  
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The web survey questionnaire contained six major sections: INST, UBSC, 

USIP, AIST, PJSE and demographic information. While the first four sections 

were mainly replicated or modified from the survey items employed in the 1992 

Eurobaraometer survey (INRA, 1993) or the 2001 NSF survey (NSF, 2002), the 

last two sections were researcher-developed. The INST section was intended to 

explore the respondents’ interest in and informedness of science and technology 

news; the UBSC was designed to explore the respondents’ understanding of 

basic scientific constructs; the USIP was aimed at studying the respondents’ 

understanding of the scientific inquiry process; the AIST was aimed at probing 

the respondents’ attitudes toward the impact of science and technology on 

individuals and on society; and the PJSE was designed to obtain the 

respondents’ perspectives on junior high school science education. Three major 

categorical variables; gender, school type, and academic discipline were 

determined in the demographic section. The statistical analysis will focus on the 

respondents’ overall response to each of the measures of INST, UBSC, USIP, 

AIST, and PJSE, as well as on comparing the responses offered by respondents 

of different categories (i.e., gender, school type, and academic area). 

With respect to the interviews, the eight participants were purposefully 

selected from the web survey respondents. The purpose of the interviews was to 

derive a richer understanding of Taiwanese graduate students’ civic scientific 

literacy in a context which was different from that of a self-report web survey. 

The interviews were semi-structured and were guided by an interview guide. 
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The content of the interviews was audio-taped and transcribed. Answers to each 

interview question were analyzed either based on open coding or according to a 

coding frame. 

In the next chapter, Chapter 4, the results of the data analysis are presented 

in detail.  
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CHAPTER 4 

RESULTS 

In this chapter the results of the statistical analysis of the web survey data 

as well as the analysis of the individual interviews are presented. The statistical 

analyses address the first two major sets of research questions, and the analysis 

of the individual interviews addresses the third set of research questions. The 

three sets of research questions are stated below: 

1. What is the level of Taiwanese graduate students’ civic scientific 

literacy? What is the level of Taiwanese graduate students’ 

understanding of the first and second dimensions of civic scientific 

literacy, respectively? What are Taiwanese graduate students’ attitudes 

toward the impact of science and technology on individuals and on 

society? 

2. To what extent do Taiwanese graduate students’ background variables 

(e.g., gender, school type, academic major) relate to their level of civic 

scientific literacy, mass media behavior (e.g., interest in scientifically 

and technologically related information, informedness of scientifically 

and technologically related information), and perceptions of junior 

high science education? 

3. How differently will Taiwanese graduate students who demonstrate 

different levels of civic scientific literacy in the web survey give verbal 

definitions of “a scientific study?” How differently will they react to 
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the same selected scientific and/or technological article? And how do 

they think the science education they had in junior high school related 

to their life? 

The results of the statistical analyses are arranged in accordance with the 

sequence of the five major sections in the web questionnaire: interest in and 

informedness of science and technology news (INST), understanding of basic 

scientific constructs (UBSC), understanding of scientific inquiry processes 

(USIP), attitudes toward the impact of science and technology (AIST), and 

perceptions on junior high school science education (PJSE). Both descriptive 

information (i.e., frequency of responses, means, and standard errors) and 

comparisons of the means of selected categorical variables (i.e., gender, school 

type, and academic field) on the five major sections of the survey were 

tabulated and described. The reliability coefficient, Cronbach’s α, was 

calculated for the researcher-developed section: PJSE. In the last section of this 

chapter, the results of the interview data are presented.  

 

Interest in and Informedness of Science and Technology News (INST) 

Survey items in this section addressed one sub-question in the second set 

of research questions: To what extent do Taiwanese graduate students’ 

background variables (e.g., gender, school type, academic major) relate to their 

mass media behavior (e.g., interest in scientifically and technologically related 

information, and informedness of information of scientifically and 
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technologically related issues)? 

 

Descriptive Statistics  

To be considered in the analysis of interest in and informedness of news of 

scientifically and technologically related issues, a respondent had to regularly 

access at least one of the four popular types of mass media( i.e., newspapers, 

TV, broadcast, and the Internet) on a 3-4 days per week basis. Five hundred 

three of the total 525 effective respondents (i.e., 95.8%) reported that they, in 

general, accessed news reported in at least one of the four media on a basis of 3 

to 4 times per week. Response frequencies for these items are tabulated in 

Appendix K. 

In terms of measuring the respondents’ interest in news of scientifically 

and technologically related issues, among the 503 qualified respondents, 75% to 

80% reported they were either somewhat or very interested in news of either 

new scientific discoveries or new inventions and technologies (see Appendix K 

for tabulated frequencies of responses).  

In terms of acquiring information on science and technology, about 79.5% 

of respondents reported they either often (25.8%) or occasionally (53.7%) read 

articles on science or technology in newspapers; and 85.1% reported either 

often (31.2%) or occasionally (53.9%) watching TV programs on science and 

technology. At the same time, only 65.0% of respondents often (16.1%) or 

occasionally (48.9%) read scientific or technological magazines. Frequencies of 
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responses are detailed in Appendix K.  

In terms of measuring the informedness of scientifically and 

technologically related information, while 60.2% of respondents reported being 

moderately well informed about news of new inventions and technologies, only 

5.8% reported felt they were very well informed. The situation is similar in the 

measure of informedness of information of new scientific discoveries. While 

53.1% reported being moderately well informed about news of new inventions 

and technologies, only 4.6% reported they were very well informed (See 

Appendix K for tabulated frequencies of responses).  

 

Statistical Tests for Comparisons of Means  

A composite score was computed for the measure of interest in news of 

scientifically and technologically related issues. The composite score was 

calculated by summing up the assigned score point of items 1-2c, 1-2d, 1-4a, 

1-4b, and 1-4c (see the Instrumentation section in Chapter 3 for scoring details). 

Table 4-1 describes the number of responses, the means and the standard errors 

of this measure.  

A regression model with dummy coding of the gender variable was applied 

to examine whether gender had any effect on the means of interest in news of 

scientific and technological issues. The test was equivalent to an independent 

t-test. The result indicated that male respondents had significantly higher mean 

scores than did female respondents (Table 4-1). 
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Regression models with dummy coding of school type and academic field, 

respectively, were performed to explore whether school type and academic field 

had any effect on the means of interest in news of scientific and technological 

issues. The tests resemble a one-way ANOVA test. The results showed that 

there was not a significant difference among the means of different school types 

(Table 4-2), but significant differences existed among the means of different 

academic field (Table 4-3). 

 

Table 4-1 Number of responses (N), means (M) and standard errors (S) of the 
measure of interest in news of scientifically and technologically related issues 
by gender 

 N a M b S 
Overall 503 5.3247 0.1512 
Male  310 5.6504** c 0.2151 

Female 187 4.6826** c 0.1946 
a. There were six pieces of missing data for the gender variable, thus the sum 

of the number of males and females is not equal to the number of total 
respondents. 

b. The range of the mean was from 0 to 10. 
c. The difference of the means of males and females was significant at α=.001 

(F=10.92, Pr=0.0010). 
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Table 4-2 Number of responses (N), means (M) and standard errors (S) of the 
measure of interest in news of scientifically and technologically related issues 
by school type 

 N M a  S 
National  166 5.3555 0.2382 
Private  194 5.2882 0.1896 

Technical  143 5.2730 0.2686 
a. The difference between the means was not significant at α=.05 (F=0.03, 

Pr=0.9672). 

 

Table 4-3 Number of responses (N), means (M) and standard errors (S) of the 
measure of interest in news of scientifically and technologically related issues 
by academic area 
 N M **a Rank S 

Education 30 4.0039 11 0.5876 

Humanities 45 4.2405 10 0.9995 

Social Sciences 28 4.6484 8 0.5628 

Business 136 5.1314 5 0.2928 

Law 29 4.8551 7 0.4846 

Natural Sciences 70 6.4282 1 0.2762 
Mathematics and Computer 
Sciences 

37 5.6217 3 0.4668 

Medical Sciences 35 5.3838 4 0.4482 

Engineering 78 6.0565 2 0.2995 

Agricultural related fields 6 4.6123 9 0.3687 

Communications 9 5.0000 6 0.8975 

a. The difference of the means by academic fields was significant at α=.001 
(F=3.38, Pr=0.0003). 
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Table 4-4 Post hoc comparisons for the means of interest in news of 
scientifically and technologically related issues by academic field 

 Nat Eng Mat Med Law Bus Soc Hum Edu 
Nat     ** ** ** ** ** 
Eng     ** ** ** ** ** 
Mat          
Med          
Law ** **        
Bus ** **        
Soc ** **        
Hum ** **        
Edu ** **        

Note: 1. Edu=Education, Hum=Humanities, Soc=Social Sciences, 
Bus=Business, Law=Law, Nat=Natural Sciences, Mat=Mathematics and 
Computer Sciences, Med=Medical Sciences, and Eng=Engineering. 

2. The academic fields are ordered by the rank of the mean score. 
3. Comparisons significant at the 0.05 level are indicated by **. 

 

Due to there being too few respondents included in the academic fields of 

communication and agriculture, these two categories were not included in any 

post hoc comparisons. Post hoc comparisons performed on the rest of the nine 

academic fields showed that respondents in natural sciences (ranked at the top) 

and in engineering (ranked second) had significantly higher mean scores than 

did those in education, humanities, social sciences, business, and law. The 

results are tabulated in Table 4-4. 

In terms of the responses about informedness of issues of new scientific 

discoveries and new inventions and technologies, the mean of the total 502 

effective responses was 1.4084, with a standard error of 0.0735. Although 
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males (mean=1.4982; standard error=0.0802; N=310) within this sample 

showed a higher mean score than did females (mean=1.2474; standard 

error=0.1399; N=187), the difference was not significant at the α = .05 level 

(F=2.20, Pr=0.1390). 

Also, while graduate students from technical universities or colleges 

within this sample (mean=1.4530; standard error=0.1097; N=143) indicated 

they were better informed than graduate students in national universities 

(mean=1.4356; standard error=0.1203; N=165) and private universities 

(mean=1.3446; standard error=0.0771; N=194), the differences were not 

significant at the α = .05 level. 

Academic field had an impact on respondents’ informedness of issues of 

new scientific discoveries and new inventions and technologies. Respondents in 

the field of mathematics or computer sciences, and those in the field of 

education had significantly higher mean scores than did respondents in the 

fields of business, medical sciences, humanities, social sciences, and law. 

Number of responses, means and standard errors on the measure of 

informedness of information of scientifically and technologically related issues 

by academic area are tabulated in Table 4-6. The results of post hoc 

comparisons are listed in Table 4-6. 
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Table 4-5 Number of responses (N), means (M) and standard errors (S) of the 
measure of informedness of issues of new scientific discoveries and new 
inventions and technologies by academic area 
 N M **a Rank S 

Education 30 1.8389 2 0.2996 

Humanities 45 1.1534 8 0.2922 

Social Sciences 28 1.0331 9 0.2454 

Business 136 1.3479 6 0.1533 

Law 29 1.0126 10 0.2067 

Natural Sciences 70 1.5678 3 0.1408 
Mathematics and Computer 
Sciences 

36 1.8884 1 0.1766 

Medical Sciences 35 1.2740 7 0.1807 

Engineering 78 1.5219 4 0.1355 

Agricultural related fields 6 0.8565 11 0.7363 

Communications 9 1.4444 5 0.3379 

a. The difference of the means by academic fields was significant at α=.05 
(F=1.89, Pr=0.0444). 

 

In brief, according to the statistical analysis of the survey data collected in 

this study, gender and academic area did relate to Taiwanese graduate students’ 

interest in news of scientifically and technologically related issues. Academic 

area also related to Taiwanese graduate students’ informedness of issues of new 

scientific discoveries and new inventions and technologies. 
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Table 4-6 Post hoc comparisons for the means of informedness of issues of new 
scientific discoveries and new inventions and technologies by academic area 

 Mat Edu Nat Eng Bus Med Hum Soc Law
Mat     ** ** ** ** ** 
Edu        ** ** 
Nat          
Eng          
Bus **         
Med **         
Hum **         
Soc ** **        
Law ** **        

Note: 1. Edu=Education, Hum=Humanities, Soc= Social sciences, 
Bus=Business, Law=Law, Nat=Natural Sciences, Mat=Mathematics and 
Computer Sciences, Med=Medical Sciences, and Eng=Engineering. 

2. The academic fields are ordered by the rank of the mean score. 
3. Comparisons significant at the 0.05 level are indicated by **. 

 

Understanding of Basic Scientific Construct (UBSC) 

Survey items in this section mainly addressed one sub-question in the first 

set of research questions: What is the level of Taiwanese graduate students’ 

understanding of the first dimension of civic scientific literacy? They also 

addressed one sub-question in the second set of research questions: To what 

extent do Taiwanese graduate students’ background variables (e.g., gender, 

school type, academic major) relate to their level of civic scientific literacy? 
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Descriptive Statistics  

Twelve items were included in the UBSC section, with 11 true-false 

questions (items 2-1 to 2-11) and one multiple-choice question (item 2-12) (See 

Appendix B for a description of each of the items). A selection of the default 

correct answer was worth one point. A composite score, which was the sum of 

the scores of all twelve items, was computed. The total score ranged from 0 to 

12. The mean score was 9.8610 with a standard error of 0.1081. 

The mean score for each of the twelve items ranged from 0.55 to 0.99. 

Item 2-8 (Antibiotics kill viruses as well as bacteria) and 2-9 (Lasers work by 

focusing sound waves) were the only two items which had a mean score lower 

than 0.7. Table 4-8 displays the number of responses, mean score, and standard 

error of each item (The frequencies of responses for each item is listed in 

Appendix L).  

Miller set a criterion for the measure of the first dimension of civic 

scientific literacy; a respondent had to answer two-thirds of the items correctly, 

while the items may slightly vary in different surveys, to be qualified as 

meeting the criterion (Miller, 1998). Four hundred and sixty respondents 

(87.6%) gave correct answers to at least two-thirds (eight) of the 12 items.  
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Table 4-7 Number of responses (N), mean score (M) and standard error (S) of 
each item in UBSC 

Item No. N M S 
2-1 525 0.9441 0.0112 
2-2 524 0.8820 0.0193 
2-3 525 0.7327 0.0299 
2-4 525 0.7151 0.0292 
2-5 525 0.9904 0.0062 
2-6 525 0.8899 0.0174 
2-7 525 0.7938 0.0236 
2-8 524 0.5532 0.0322 
2-9 525 0.6596 0.0252 

2-10 525 0.8939 0.0250 
2-11 523 0.8543 0.0194 
2-12 525 0.9563 0.0120 

 

Statistical Tests for Comparisons of Means  

Gender, school type, and academic field all were related to the mean 

scores of UBSC. Males performed significantly better than did females at the α 

= .05 level (Table 4-8). Respondents of the national university and private 

university performed significantly better than did their counterparts from 

technical universities or colleges. But no significant difference was found 

between respondents from national or private universities (Table 4-9 and Table 

4-10). 
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Table 4-8 Number of responses (N), means (M) and standard errors (S) of the 
measure of UBSC by gender 

 N a M b S 
Overall 525 9.8610 0.1081 
Male  323 10.1165 0.1438 

Female 197 9.3878 0.1717 
a. There were six missing data in gender variable, thus the sum of the number 

of males and females is not equal to the number of total respondents. 
b. The difference between the means of males and females was significant at 

α=01 (F=10.18; Pr=0.0015) 

 

Table 4-9 Number of responses (N), means (M) and standard errors (S) of the 
measure of UBSC by school type 

 N M **a  S 
National  178 10.0000 0.1716 
Private  199 9.8276 0.1195 

Technical  148 9.2283 0.1870 
a. The difference of the means was significant at α=.01 (F=5.14, p=.0062). 

 

Table 4-10 Post hoc comparisons for the means of UBSC by school type 
 National  Private  Technical  

National    ** 
Private    ** 

Technical  ** **  
Note: Comparisons significant at the α=.05 level are indicated by **. 

 

In a comparison of academic fields, mathematics and computer science 

majors had the highest mean score, followed by natural sciences majors, law 

majors, medical sciences majors, communications majors, engineering majors, 
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education majors, social sciences majors, business majors, humanities majors, 

and majors of agricultural related fields. Overall, respondents with science 

related backgrounds had higher mean scores for UBSC. To the researcher’s 

surprise, the engineering major respondents had a lower mean score than did 

the law major respondents, although the difference was not significant at the α 

= .05 level. 

 

Table 4-11 Number of responses (N), means (M), rank of means, and standard 
errors (S) of the measure of UBSC by academic fields 
 N M **a Rank S 

Education 32 9.6506 7 0.3802 

Humanities 46 9.0705 10 0.5063 

Social Sciences 28 9.4010 8 0.3464 

Business 142 9.1920 9 0.3745 

Law 30 10.4105 3 0.2140 

Natural Sciences 73 10.7108 2 0.1778 
Mathematics and Computer 
Sciences 

39 10.7420 1 0.2267 

Medical Sciences 36 10.4638 4 0.2913 

Engineering 84 10.1076 6 0.1589 

Agricultural related fields 6 9.0611 11 0.7545 

Communications 9 10.1111 5 0.6111 

a. The difference of the means by academic fields was significant at α=.0001 
(F=3.70, Pr<0.0001). 
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Table 4-12 Post hoc comparisons for the means of UBSC by academic field 
 Mat Nat Law Med Eng Edu Soc Bus Hum

Mat     ** ** ** ** ** 
Nat     ** ** ** ** ** 
Law       ** ** ** 
Med       ** ** ** 
Eng ** **      ** ** 
Edu ** ** ** **      
Soc ** ** ** **      
Bus ** ** ** ** **     
Hum ** ** ** ** **     

Note: 1. Edu=Education, Hum=Humanities, Soc= Social Sciences, 
Bus=Business, Law=Law, Nat=Natural Sciences, Mat=Mathematics and 
Computer Sciences, Med=Medical Sciences, and Eng=Engineering. 

2. The academic fields are ordered by the rank of the mean score. 
3. Comparisons significant at the 0.05 level are indicated by **. 

 

In brief, according to the statistical analyses, 87.6% of respondents were 

able to give a correct answer to at least eight of the twelve questions. With 

respect to the effect of background variables, gender, school type, and academic 

area all related to the measure of understanding of basic scientific constructs. 

 

Understanding of Scientific Inquiry Process (USIP) 

Survey items in this section mainly addressed two of the sub-questions. 

The relevant sub-question in the first set of research questions asks: What is the 

level of Taiwanese graduate students’ understanding of the second dimension of 

civic scientific literacy? And the relevant sub-question in the second set of 
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research questions asks: To what extent do Taiwanese graduate students’ 

background variables (e.g., gender, school type, academic major) relate to their 

level of civic scientific literacy? 

 

Descriptive Statistics  

Five multiple-choice questions were contained in the USIP section of the 

questionnaire. A single default answer was set for each of the questions, making 

the possible range of scores 0 to 5. The resulting overall mean was 3.8023 with 

a standard error of 0.0583.  

The mean score for each of the five items ranged from 0.48 to 0.92. The 

two questions that asked about respondents’ understanding of scientific theory 

(items 3-4 and 3-5) had much lower mean scores than did the questions that 

asked about scientific experiments (items 3-1 and 3-2) and probability (item 

3-3). Approximately 63.0% of the respondents (n=321) were able to deliver a 

correct answer to four of the five questions.  The mean score for each question 

is tabulated in Table 4-13. The frequencies of responses for each item are listed 

in Appendix M.  

 

When the measures of UBSC and the USIP were jointly considered, only 

approximately 57.5% of the respondents were able to correctly answer at least 

two-thirds of the items in the UBSC section and four-fifth of the items in the 

USIP sections. 
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Table 4-13 Number of responses (N), mean score (M) and standard error (S) of 
each item in USIP 

Item No. N M S 
3-1 524 0.9179 0.0160 
3-2 524 0.8742 0.0259 
3-3 525 0.9789 0.0084 
3-4 525 0.5472 0.0275 
3-5 523 0.4877 0.0332 

 

Statistical Tests for Comparisons of Means  

While females in this sample had higher mean scores on the USIP than did 

males, the difference was not significant at the α = .05 level (F=2.61, 

Pr=0.1066). Differences of mean scores among different academic fields also 

did not reach statistical significance at the α = .05 level. School type was the 

only categorical variable studied in this research that had an apparent effect on 

the mean scores of the USIP. As in the measure of UBSC, respondents of 

national and private universities had significantly higher mean scores than did 

those from technical universities or colleges. Relevant statistics are summarized 

in Table 4-14 to Table 4-17. 
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Table 4-14 Number of responses (N), means (M) and standard errors (S) of the 
measure of USIP by gender 

 N a M  S 
Overall 525 3.8023 0.0583 
Male  323 3.7514 0.0575 

Female 197 3.8747 0.1191 
a. There were six missing data from the gender variable, thus the sum of the 

number of males and females is not equal to the number of total 
respondents. 

 

Table 4-15 Number of responses (N), means (M) and standard errors (S) of the 
measure of USIP by school type 

 N M **a  S 
National  178 3.8463 0.0932 
Private  199 3.8353 0.0621 

Technical  148 3.4802 0.0953 
a. The difference of the means were significant at the α=.01 level (F=5.45, 

p=.0045). 

 

Table 4-16 Post hoc comparisons for the means of USIP by school type 
 National  Private  Technical  

National    ** 
Private    ** 

Technical  ** **  
Note: Comparisons significant at α=.05 level are indicated by **. 
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Table 4-17 Number of responses (N), means (M), rank of means, and standard 
errors (S) of the measure of USIP by academic fields 
 N M a Rank S 

Education 32 3.9668 4 0.1893 

Humanities 46 4.1214 2 0.1520 

Social Sciences 28 3.9811 3 0.1889 

Business 142 3.6152 11 0.1618 

Law 30 3.7561 9 0.1440 

Natural Sciences 73 3.7900 8 0.0843 
Mathematics and Computer 
Sciences 

39 3.7942 7 0.1172 

Medical Sciences 36 3.7965 6 0.1412 

Engineering 84 3.7052 10 0.0783 

Agricultural related fields 6 3.9588 5 0.7340 

Communications 9 4.2222 1 0.3643 

a. The difference among the means was not significant at the α = .05 level 
(F=1.83, Pr=0.0537). 

 

Attitudes toward the Impact of Science and Technology (AIST) 

Survey items in this section attempted to gather information about 

Taiwanese graduate students’ attitudes toward the impact of science and 

technology on individuals and on society. A seven-point scale was applied in 

the AIST, where (1) means strongly disagree and (7) means strongly agree. For 

each of the options, a point score was applied. Unlike the survey items for the 

first two dimensions, there were no right or wrong answers to each of the items 

in the AIST, and no composite score was computed. Mean and level of standard 

error for each of the AIST survey items, by respondents all together or divided 
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by gender, school type was computed and is described in this section. 

 

Table 4-18 Number of responses (N), mean score (M) and standard error (S) of 
each item in AIST, by all respondents 

No. Description N M S 
4-1. Science and technology are making our 

lives healthier, easier, and more 
comfortable. 

524 5.3566 0.0843

4-2. Scientists should be allowed to do 
research that causes pain and injury to 
animals like dogs and chimpanzees if it 
produces new information about human 
health problems. 

524 3.3970 0.1014

4-3. It is not important for me to know about 
science in my daily life. 

525 1.7513 0.0699

4-4. Science makes our way of life change too 
fast. 

523 5.7460 0.0793

4-5. Technological discoveries will eventually 
destroy the Earth. 

524 4.2434 0.1078

4-6. With the application of science and new 
technology, work will become more 
interesting. 

524 5.1296 0.0824

4-7. Because of science and technology, there 
will be more opportunities for the next 
generation. 

523 4.4115 0.0987

4-8. Technological development creates an 
artificial and inhuman way of living. 

522 3.9330 0.1017

4-9. Scientists should be allowed to do 
research that causes pain and injury to 
animals like mice if it produces new 
information about human health 
problems. 

524 3.6834 0.1170
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4-10. New inventions will always be found to 
counteract any harmful consequences of 
technological development. 

523 3.6898 0.0982

4-11. People would do better by living a 
simpler life without so much technology. 

525 4.1727 0.1159

4-12. There are some good ways of treating 
sickness that medical science does not 
recognize. 

524 5.4268 0.0760

4-13. Thanks to scientific and technological 
advances, the Earth's natural resources 
will be inexhaustible. 

525 2.4192 0.0959

4-14. Scientific and technological research 
cannot play an important role in 
protecting the environment and repairing 
it. 

525 3.8707 0.1067

 

According to the statistics summarized in Table 4-18, overall, respondents 

had positive attitudes toward half of the descriptions (i.e., items 4-1, 4-4, 4-5, 

4-6, 4-7, 4-11 and 4-12), and negative attitudes toward the remaining half (i.e., 

items 4-2, 4-3. 4-8, 4-9, 4-10, 4-13 and 4-14).  

Male and female respondents had significantly different means on items of 

4-2, 4-3, 4-5, 4-9 and 4-10. Females tended to oppose conducting scientific 

experiments on animals, no matter whether the animal was a dog, a chimpanzee 

(item 4-2), or a mouse (item 4-9). Females also were inclined, in one way, to 

recognize the importance of scientific knowledge in daily life (item 4-3), while 

at the same time believing the earth would eventually be destroyed by 

technological discoveries (item 4-5); technology advancement was not a 

solution for the harmfulness resulting from technological development (item 
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4-19).   

 

Table 4-19 Number of responses (N), mean score (M) and standard error (S) of 
each item in AIST, by gender 

 Male   Female  Item 
No. N M S N M S 

Significant 
at α =.05 

4-1. 323 5.3118 0.1196 196 5.4323 0.0968  
4-2. 322 3.6824 0.1213 197 2.8785 0.1784 yes 
4-3. 323 1.8966 0.0996 197 1.4986 0.0628 yes 
4-4. 321 5.7318 0.1031 197 5.7797 0.1186  
4-5. 323 4.0610 0.1439 196 4.5672 0.1667 yes 
4-6. 323 5.0857 0.0959 196 5.1974 0.1534  
4-7. 322 4.4260 0.1227 196 4.3647 0.1720  
4-8. 322 3.9826 0.1375 195 3.8534 0.1535  
4-9. 322 3.9514 0.1263 197 3.1946 0.2395 yes 

4-10. 323 3.8701 0.1277 196 3.3460 0.1478 yes 
4-11. 323 4.0617 0.1191 197 4.3771 0.2374  
4-12. 322 5.3285 0.0835 197 5.5918 0.1286  
4-13. 323 2.5026 0.1147 197 2.2468 0.1722  
4-14. 323 3.8216 0.1364 197 3.9634 0.1727  

 

Table 4-20 summarizes the number of responses, mean, and standard error 

of each AIST item of the three school types: national university, private 

university, and technical university or college. ANOVA test indicated that no 

significant differences were found among all the fourteen items. 
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Table 4-20 Number of responses (N), mean score (M) and standard error (S) of 
each item in AIST, by school type 

National Private Technical Item 
No. N M S N M S N M S 
4-1. 178 5.2937 0.1338 199 5.4263 0.0939 147 5.4905 0.1437
4-2. 177 3.4090 0.1549 199 3.3277 0.1387 148 3.5281 0.1772
4-3. 178 1.8312 0.1107 199 1.6332 0.0791 148 1.6647 0.1216
4-4. 178 5.7418 0.1206 198 5.7220 0.1136 147 5.8355 0.1117
4-5. 178 4.2401  0.1669 198 4.1736  0.1355 148 4.4561  0.2041
4-6. 178 5.0972  0.1235 198 5.0854 0.1155 148 5.4231  0.1796
4-7. 176 4.4276  0.1503 199 4.2613 0.1411 148 4.7486  0.1496
4-8. 177 3.9515 0.1542 198 3.9188 0.1439 147 3.8769 0.1823
4-9. 177 3.6431 0.1835 199 3.6230 0.1424 148 4.0622 0.1910

4-10. 177 3.5656 0.1496 199 3.7857 0.1359 147 4.0698 0.1688
4-11. 178 4.1766 0.1834 199 4.2064 0.1356 148 4.0576 0.1745
4-12. 178 5.3905 0.1195 198 5.5020 0.0883 148 5.4062 0.1340
4-13. 178 2.4196 0.1481 199 2.3758 0.1251 148 2.5384 0.1648
4-14. 178 3.7439 0.1627 199 4.0386 0.1481 148 4.0630 0.1815

 

Perceptions of Junior High School Science Education (PJSE) 

In the PJSE section of the questionnaire, nine researcher-developed items 

were employed to obtain the respondents’ perceptions on junior high school 

science education. The reliability coefficient, Cronbach’s α, was computed with 

a resulting value of 0.8895. Nunnally (1994) suggested a value of 0.70 as the 

lowest acceptable value for α. Thus, the α for the PJSE was within an 

acceptable range.  

The PJES adopted the same scale as the AIST: a seven-point scale with (1) 

meaning strongly disagree and (7) meaning strongly agree. A composite score 
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was applied to the PJSE. Points from the nine items were summed up as a final 

score. Before computing the final score, the item with negative wording (item 

5-2) was reverse coded. The final score ranged from 0 to 63. The overall mean 

was 39.77, with a standard error of 0.64. Frequencies of responses for the items 

in the PJSE section are tabulated in Appendix O. 

Neither gender nor school type had a significant impact on the means of 

the PJSE. Mean scores by gender and school type are tabulated in Table 4-21 

and 4-23.  

 

Table 4-21 Number of responses (N), means (M) and standard errors (S) of the 
measure of PJSE by gender 

 N M  S 
Overall 525 39.7749 0.6429 
Male  323 39.6203 0.7889 

Female 197 40.0397 1.1427 

 

Table 4-22 Number of responses (N), means (M) and standard errors (S) of the 
measure of PJSE by school type 

 N  M  S 
National  178 40.1065 1.0242 
Private  199 38.7256 7.7097 

Technical  148 40.9800 1.0377 

 

Academic fields were related to the mean score of the PJSE. Generally 

speaking, respondents in more scientifically related academic majors and 

business majors had higher mean scores on the PJSE. Respondents in less 
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scientifically related academic majors and medical sciences majors had 

relatively a lower mean score on the PJSE. 

 

Table 4-23 Number of responses (N), means (M), rank of means, and standard 
errors (S) of the measure of PJSE by academic field 
 N M **a Rank S 

Education 32 39.82 7 3.45 

Humanities 46 32.17 11 2.72 

Social Sciences 28 34.22 10 2.28 

Business 142 40.80 4 1.56 

Law 30 38.16 8 2.19 

Natural Sciences 73 40.48 5 1.27 
Mathematics and 
Computer Sciences 

39 40.03 6 1.61 

Medical Sciences 36 37.80 9 1.48 

Engineering 84 41.68 3 1.19 

Agricultural related fields 6 47.90 1 4.77 

Communications 9 46.00 2 2.50 

a. The difference of the means by academic fields was significant at α=.01 
(F=2.78, Pr=0.0024). 
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Table 4-24 Post hoc comparisons for the means of PJSE by academic field 
 Eng Bus Nat Mat Edu Law Med Soc Hum

Eng       ** ** ** 
Bus        ** ** 
Nat        ** ** 
Mat        ** ** 
Edu          
Law          
Med **         
Soc ** ** ** **      
Hum ** ** ** **      

Note: 1. Edu=Education, Hum=Humanities, Soc= Social sciences, 
Bus=Business, Law=Law, Nat=Natural Sciences, Mat=Mathematics and 
Computer Sciences, Med=Medical Sciences, and Eng=Engineering. 

2. The academic fields are ordered by the rank of the mean score. 
3. Comparisons significant at the 0.05 level are indicated by **. 

 

Interviews 

The individual interviews were intended to address the third set of research 

questions: How differently will Taiwanese graduate students who demonstrate 

different levels of civic scientific literacy on the web survey give verbal 

definitions of “a scientific study?” How differently will they react to the same 

selected scientific and/or technological article? And how do they think the 

science education they had in junior high school has any relation to their current 

lives? Eight interviewees were purposefully selected from the survey 

participants: Four males, with two ranked high and two ranked low in measures 

of scientific literacy, and four females, also with two ranked high and two 

ranked low on the same measures (Table 4-25). 
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Table 4-25 Demographic information of interviewees 

Pseudonym 
of 

Participant  

Gender Scientific 
Literacy a 

Interest in  
News of Science 
and Technology b

Academic field c

Sharon Female High High Business 
Charlie Male High High Engineering 
Rachel Female High Low Business 
David Male High Low Natural Science
Molly Female Low High Law 
Kevin Male Low High Engineering 
Irene Female Low Low Business 
Jason Male Low Low Natural Science

a. Only the scores of the scientific construct (the first dimension) and process of 
scientific inquiry (the second dimension) were counted. The total score of the 
two measures was 17 points. Those who were identified as high in scientific 
literacy received a total score of 16 or 17 on the two measures. Those who 
were identified as low on scientific literacy received a total score equal to or 
less than 13 points on the two measures. 

b. The total score for the measure of interest in news of scientifically and 
technologically related issues was 10 points. Those who were categorized as 
high interest received a score of 9 or 10 points. Those who were categorized 
as low interest received a score of less than 4 points. 

c. The academic fields listed in the column were the areas in which the 
interviewees were pursuing their degrees. Except for Molly, the other 
interviewees had not changed their academic area from that of their 
bachelor’s degree. Molly had her bachelor’s and first master’s degree in 
medical sciences. She was pursuing her second master’s degree in law when 
the interview was conducted.   

 

The first interview question asked whether the interviewee had a clear 

understanding, a general understanding, or little understanding about the term, 
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“scientific study,” when he or she heard it in news stories. Almost all 

interviewees, except for Molly, said they had either a general (Charlie, David, 

and Irene) or clear (Sharon, Rachel, Kevin, and Jason) understanding about it. 

Molly said she was only clear if the study was conducted in her area.  

The second question asked the interviewee to define in his or her own 

words what it meant to study something scientifically? A coding frame (Table 

3-7) that classified possible answers into five hierarchical levels, was employed 

to analyze the interview transcripts. The five levels were:  

(1) Theory construction and testing;  

(2) To undertake experiment/tests;  

(3) Open, in-depth exploration of phenomena/problem to be examined;  

(4) To measure or classify, or no mention of any rigor in the process; and  

(5) Other answers.  

The definitions the interviewees gave fell into the first three categories only 

(Table 4-26). While both David and Sharon mentioned that scientific study was 

to test scientific hypotheses or scientific theories (the first category), only David 

indicated that theory testing and construction was the major goal of scientific 

activities. Sharon also referred to hypotheses testing, but most of her arguments 

indicated that studying something scientifically was to follow rigorous research 

steps. Charlie’s, Molly’s, and Jason’s arguments fell into the second category. 

They said that undertaking experiments was essential in a scientific study. They 

also believed that presenting the experimental procedure and data was just as 
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important as presenting the results or conclusions of the scientific study, 

because people need to judge the scientific work by its process, including the 

experimental design and data processing, not just accept the results without 

knowing the process. Rachel’s, Kevin’s, and Irene’s responses fell into the third 

category. Both Rachel and Kevin mentioned that logical thinking was critical in 

a scientific study. Irene said that to study something scientifically, one had to 

follow an unbiased as well as standardized procedure extensively acceptable by 

the majority (of the public).  

 

Table 4-26 Categories of responses to Interview Question 2 

 Category  
I 

Category 
II 

Category 
III 

Category 
IV 

Category 
V 

Sharon      
Charlie      
Rachel      
David      
Molly      
Kevin      
Irene      
Jason      

Note: Category I: Theory construction and testing. Category II: To undertake 
experiments. Category III: Open in-depth exploration of phenomena/ problem 
to be examined. Category IV: To measure or classify, or no mention of any rigor 
in the process. Category V: Other answers. 

 

Questions 3 through 7 focused on a science magazine article chosen by the 

researcher. The article was selected from the Chinese version of Scientific 
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American (Chu, 2002; Wang, 20029). The article describes current and past 

studies that have attempted to reduce air pollution by coating construction 

projects with titanium dioxide. According to the article, since the early 1970s 

Japanese researchers have claimed the photocatalytic ability of titanium dioxide. 

Since then, titanium dioxide has been applied to hospital surfaces to kill 

bacteria, and also has been used to treat contaminated water. According to the 

article, ultraviolet rays can break the chemical bonds of water vapor molecules 

in the air and generate hydroxyl radicals. The hydroxyl radicals are capable of 

attacking both inorganic and organic compounds, including those species that 

result in air pollution, and turn them into harmless molecules. Titanium dioxide, 

an efficient photocatalyst, can speed the breakdown of water vapor and the 

generation of hydroxyl radicals. Scientific teams in Hong Kong had good news 

on the efficacy of titanium dioxide in fighting air pollution: concrete slabs 

coated with titanium dioxide removed up to 90% of nitrogen oxides, which are 

one group of the major chemical species that cause air pollution. However, the 

newest technology could only increase the sunlight absorbance by titanium 

dioxide up to 10%, which is far from practical on a large-scale application.  

After reading the article, the interviewees were firstly asked if they had 

read the article before or if they had read articles relevant to this topic (Question 

3). None of the interviewees had read the article before. Molly, with a 

bachelor’s and first master’s degree in medical related areas, knew that titanium 

                                                 
9 Wang was the author of the original English version article. Chu was the translator of the 
Chinese version article. 
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dioxide had been coated on the construction surfaces of hospitals and some 

kindergartens. Jason, with a background in chemistry, had read articles about 

the photocatalytic ability of titanium dioxide. Except for Irene and Molly, the 

interviewees thought the topic interesting and said they would have liked to 

have read the article through if they happened to see the title on other occasions 

(Question 4).  

Next, the interviewees were asked to express the meaning of five terms 

picked from the article: air pollution, photocatalyst, ultraviolet, free radicals, 

and acid rain (Question 5). The term photocatalyst was changed to catalyst 

since it is too professional a term and has not yet yielded a settled definition 

(Serpone & Emeline, 2002). The definitions delivered by the interviewees were 

compared with those suggested in professional dictionaries. Appendix P lists the 

definitions suggested by dictionaries. Specific criteria were specifically 

examined in the interviewees’ answers (Table 4-27). The criteria were 

determined based on the definitions provided in the dictionaries. 

 

Table 4-27 Criteria for gauging the interviewees’ definitions to selected 
scientific terms 

Selected 
terms 

Criteria 

Air pollution The interviewees are able to give examples of  
1. the source of air pollution 

e.g. burning of fossil fuels in power stations, and car 
exhaust fumes 

2. the major chemical species result in polluted air 



 129

e.g. sulphur dioxide, carbon dioxide, and nitrogen oxides 
Catalyst The interviewees are able to mention the two major 

characteristics of a catalyst: 
1. increasing the rate of a chemical reaction 
2. without itself undergoing any permanent chemical change 

in the reaction 
Ultraviolet The interviewees are able to identify that: 

1. ultraviolet is a section in the electromagnetic radiation 
spectrum 

2. it has positive effects on humans 
e.g. The longest-wavelength range, UV-A, is used clinically 
in the treatment of certain skin complaints, such as 
psoriasis. It is also used to induce vitamin D formation in 
patients that are allergic to vitamin D preparations. 

3. has negative effects on humans 
e.g. Excessive exposure to UV-B can cause severe 
blistering. UV-C has been claimed as a cause of skin cancer

Free radical The interviewees are able to describe a free radical as: 
1. an atom or group of atoms with an unpaired valence 

electron 
2. most free radicals are extremely reactive 

Acid rain The interviewees are able to give examples of:  
1. the source of acid rain 

e.g. burning of fossil fuels and car exhaust fumes  
2. the major chemical species result in acid rain 
e.g. sulphur dioxide and various oxides of nitrogen 

 

Table 4-28 summarizes the interviewees’ answers to each of the terms 

according to the criteria described in Table 4-27.  
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Table 4-28 Summary of responses to Interview Question 5 

  S C R D M K I J 
Air pollution         
 Source    × ×  × × 
 Chemical species ×   × × × ×  
Catalyst         
 Change reaction rate ×     ×  × 
 w/o itself change ×  ×   × ×  
Ultraviolet         
 Electromagnetic radiation    ×  ×   
 Positive effect  × × ×   × × 
 Negative effect  × × ×     
Free radical         
 Unpaired valence electron × × × ×  × × × 
 Extremely reactive × × × × × × ×  
Acid rain         
 Source  × × × ×  × × 
 Chemical species ×   ×   ×  
Note: 1. S=Sharon, C=Charlie, R=Rachel, D=David, M=Molly, K=Kevin, 
I=Irene and J=Jason. 

2. A symbol “ ” means the interviewee gave an answer corresponding 
to the criterion; a symbol “×” means the interviewee did not give an answer 
corresponding to the criterion.  

 

The results summarized in the above table indicate that interviewees with a 

higher score of scientific literacy on the survey did not necessarily deliver a 

definition closer to that suggested in the dictionary. Other factors rather than the 

level of scientific literacy might have had an influence on the interviewee’s 

strategy to answer the question. For example, David, who received a high score 

on the survey, gave the least acceptable answers according to the criteria. He 
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gave very broad definitions to air pollution and acid rain. David said “air 

pollution resulted when some human-generated chemical species are released 

into the air and alter the normal composition of the air. These human-generated 

chemical species are harmful to human health.” “Acid rain resulted from those 

chemical species which pollute the air and in the meantime lower the pH value 

when they are dissolved in rain.” When asked about what is ultraviolet, David 

just translated the Chinese into English. It is not possible to know from the 

interview if David did not know what were the major sources and chemical 

species that resulted in air pollution and acid rain, and if he knew the meaning 

of ultraviolet.  

Some respondents did not have a definition close to that suggested in the 

dictionary; they gave examples of the effects or applications related to the term. 

For example, although Sharon did not know that a free radical is an atom or 

group of atoms with an unpaired valence electron, she had read from many 

reports that free radicals generated in human bodies have been claimed as a 

factor that accelerates aging and is detrimental to human health.  

Among the five selected terms, free radical was the most alien one to the 

interviewees. Charlie and David said that a radical is an atom with (a) free 

electron(s)10. Jason, with a background in chemistry, mentioned that a free 

radical is an active chemical species, but he thought it was an ion with an 

electric charge. Rachel, Kevin and Irene said they had heard the term before but 

                                                 
10 In Mandarin Chinese, which was the language used throughout the interviews, a singular 
noun and a plural noun have the same form.  
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had no idea what it meant. Molly did not mention that a free radical is usually 

extremely chemically active, but she was the only person who knew a free 

radical is a molecule with an unpaired valence electron. 

Questions 6 and 7 asked the interviewees how they thought the issue 

discussed in the article related to them and what impact it had on society. 

Except for Charlie and Rachel, who thought they would benefit if the technique 

(i.e., paving titanium dioxide on construction surfaces to eliminate air pollution 

and acid rain) was well-developed, most of the interviewees did not feel the 

issue directly relevant to them. However, all of the interviewees were aware 

that air pollution and acid rain were two global environmental problems. If the 

technique did work at a practical level, the entire human society would 

benefited by having better air quality and a more comfortable living 

environment. Nevertheless, some of the interviewees were not very optimistic 

about it. Jason did not believe the technique would eventually become practical. 

Rachel suspected that the technique was not well-developed yet, and the side 

effects might not have been fully studied. Charlie was afraid that the not yet 

well-developed technique would be misused by some immoral politicians who 

wanted to take credit for contributing to environmental protection but were just 

wasting the taxpayers money. In addition, Charlie was also afraid that the 

technique, if it was well-developed, would become an excuse from developed 

countries for not having to work hard on eliminating sources of air pollution.  

The last question, Question 8, asked about how the interviewee thought the 
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science education he or she had in junior high school had influenced his or her 

life. Four major themes emerged in the answers. First, their junior high school 

science teachers were critical in their science learning. Sharon, Charlie, and 

Kevin said their junior high school science teachers were critical in sparking 

their interest in science. Their choice of studying in science groups in senior 

high school was also more or less influenced by the learning experiences in 

junior high school science. Sharon attended a five-year college after graduating 

from junior high. Her major in the five-year college and in graduate school was 

business related, and she concentrated on computer programming. In her work, 

it was apparent to her that she had better scientific knowledge than most of her 

colleagues. When she was developing computer programs for scientific related 

purposes, she did not have problems communicating with her clients who had 

scientific backgrounds. She attributed all of this to her junior high school 

science teachers. Because they stimulated her interest in science, she 

maintained the interest even though she no longer took formal science courses.  

Second, junior high school science education provided fundamental 

scientific knowledge. Sharon, David, Molly, and Jason mentioned in the 

interviews that science courses offered in junior high school provided them 

with the most basic scientific knowledge. This scientific knowledge was a 

foundation for advanced science learning (David, Molly, and Jason); it was also 

helpful for explaining many science-related phenomena and for solving 

problems involved in daily life. 
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Third, junior high school science education enlightened the interviewees 

with a scientific way of thinking. The third theme was related to the first one. 

Sharon, Charlie, and Kevin appreciated that their science teachers in junior high 

encouraged them to think about science learning, instead of just requiring rote 

memorization of scientific facts. Rachel said she had almost forgotten all the 

scientific knowledge covered in junior high school science courses, but she 

acknowledged that developing a scientific way of thinking was the most 

influential aspect of learning science.  

Last, science education in junior high school was practical. Irene was the 

only interviewee who thought junior high school science courses were 

disconnected with and not relevant to her life now  

In brief, the interviewees cast a variety of definitions of scientific study 

and selected scientific terms. Also, regarding the issue discussed in the assigned 

article, various viewpoints were revealed in their perceptions of its impact on 

them individually and on society. Differing viewpoints were also expressed 

regarding the impact of their junior high school science education. The group of 

eight interviewees was too small a sample to be generalized to a larger 

population (this was not the purpose of conducting the interviews). Generally 

speaking, the interviewees, except for David, did not know a scientific study 

was an endeavor to construct or test scientific hypotheses or scientific theories. 

Most of them thought conducting well designed experiments and keeping clear 

experimental data were the most essential elements for a scientific study. This 
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finding seems to be in accordance with the survey results of the Understanding 

of Scientific Inquiry Process (USIP) section. Survey respondents had high 

percentages (greater than 88%) in choosing the correct answers to items that 

asked about experimental design and probability (item 3-1, 3-2 and 3-1), but 

succeeded at a much lower rate (less than 50%) in indicating that both 

Einstein’s Theory of Relativity and Darwin’s Theory of Evolution (item 3-1 and 

3-5) were well established explanations.  

Interviewees with a higher survey score on scientific literacy did not 

necessarily perform better in defining the selected scientific terms. Likewise, 

the interviewees with lower survey scores on scientific literacy did not 

necessarily perform less competently in defining the selected scientific terms. 

The study does not provide enough information to account for the discrepancy. 

In terms of viewpoints on the impact of the issues discussed in the article, 

the interviewees overwhelmingly believed that if air pollution and acid rain 

could be eliminated, human society would benefit. However, many 

interviewees doubted the scientific studies described in the article would result 

in practical solutions for reducing air pollution and acid rain. Some also 

suspected the scientific findings would be misused by politicians or would have 

side effects that have not been fully studied.  

On the whole, the interviewees had positive perceptions of junior high 

school science education. To be more specific, they feel today that they were 

positively influenced by their teachers, by the basic scientific knowledge they 
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gained, and by the development of a scientific way of thinking. 

 

Summary 

In this section, the results which address each of the research questions are 

summarized.  

What is the level of Taiwanese graduate students’ understanding of basic 
scientific constructs (UBSC, the first dimension of civic scientific literacy)?  

Based on the criteria that were applied in Miller’s and other parallel 

studies (i.e., being able to deliver correct answers to at least two-thirds, or 

66.6%, of the twelve items in the UBSC), 87.6% of the respondents were 

classified as possessing the minimum understanding of basic scientific 

constructs. 

 

What is the level of Taiwanese graduate students’ understanding of the 
scientific inquiry process (USIP, the second dimension of civic scientific 
literacy)?  

Only 63.0% of respondents were able to give a correct answer to at least 

four of the five USIP items  

 

What is the level of Taiwanese graduate students’ civic scientific literacy in 
terms of the combination of the measures of UBSC and USIP?  

When the results of UBSC and USIP are considered jointly, only 57.5% of 

the respondents can be classified as scientifically literate. 
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What are Taiwanese graduate students’ attitudes toward the impact of 
science and technology on individuals and on society (AIST)? 

The respondents expressed multiple and mixed attitudes toward science 

and technology. The respondents overwhelming agreed that it is important to 

know about science in their daily life. On the whole, while the interviewees 

thought science and technology promise a better life, provide more 

opportunities, make work more interesting, and do not create an artificial and 

inhuman way of living; they also tended to believe that science and technology 

make their way of life change too fast and people would do better by living a 

simpler life without so much technology. In general, the interviewees agreed 

that science and technology has its limitations: there are some effective ways of 

treating sickness that medical science has not recognized; new inventions do 

not guarantee that harmful consequences of technological development can be 

counteracted; scientific and technological research are not able to protect and 

repair the environment; and science and technology will not make the Earth’s 

natural resources inexhaustible. The interviewees also on average agreed that 

there are dark sides of science and technology; the earth may eventually be 

destroyed by technological discoveries. In terms of conducting scientific 

experiments on animals, no matter whether the animals are dogs, chimpanzees, 

or mice, the respondents were inclined to disapprove. 
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To what extent does gender relate to interest in and informedness of new 
information of science and technology, UBSC, USIP, AIST, and PJSE? 

Gender had an effect on interest in news of science and technology, UBSC, 

and some items of AIST. Gender did not have an effect on informedness of 

news of science and technology, USIP and PJSE.  

Males outperformed females in the measures of interest in news of science 

and technology and UBSC. For the measure of AIST, females disagreed more 

strongly than males with conducting scientific experiments on animals. Females 

were also more inclined to disbelieve (1) science was not important in their 

daily life and (2) new inventions will always be found to counteract the harmful 

consequences of technological development. Males agreed less than females 

that technological discoveries will eventually destroy the Earth. 

 

To what extent does school type relate to interest in and informedness of 
new information of science and technology, UBSC, USIP, AIST, and PJSE? 

School type only had an effect on measures of both the first (UBSC) and 

the second (USIP) dimensions of civic scientific literacy. School type did not 

have an impact on the rest of the measures. For both the UBSC and USIP 

measures, the difference of the means of national and private universities is not 

statistically significant at the α = .05 level. Nevertheless, the mean scores of 

both national universities and private universities are significantly higher than 

those respondents of technical universities or colleges. 
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To what extent does academic field relate to interest in and informedness of 
new information of science and technology, UBSC, USIP, AIST, and PJSE? 

Except for USIP, academic fields did affect the measures. On the whole, 

the four fields most strongly related to science and technology, which were 

involved in the post hoc comparisons (i.e., Natural Sciences, Medical Sciences, 

Mathematics and Computer Sciences, and Engineering) ranked higher on the 

means of the (1) interest in news of science and technology, (2) informedness of 

news of science and technology, (3) UBSC, and (4) PJSE. Table 4-29 

summarizes the rank order of the means of each academic field in these four 

measures. Note that for the mean of each item in AIST, there emerged no clear 

pattern of the rank order of academic field. 

 

Table 4-29 Rank of the mean of each academic field in different measures 

Rank  
1 2 3 4 5 6 7 8 9 

INTE a Natc Engc Matc Medc Lawc Busc Socc Humc Educ

INFO b Mat Edu Nat Eng Bus Med Hum Soc Law
UBSC Mat Nat Law Med Eng Edu Soc Bus Hum
PJSE Eng Bus Nat Mat Edu Law Med Soc Hum

a. INTE is abbreviated for interest in news of science and technology 
b. INFO is abbreviated for informedness of science and technology 
c. Edu=Education, Hum=Humanities, Soc= Social Sciences, Bus=Business, 

Law=Law, Nat=Natural Sciences, Mat=Mathematics and Computer 
Sciences, Med=Medical Sciences, and Eng=Engineering. The four fields 
that are more strongly related to science and technology are in bold. 
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How differently will Taiwanese graduate students who demonstrate 
different levels of civic scientific literacy in the web survey give verbal 
definitions of “a scientific study”?  

Interviewees with a higher score on the survey measure of the UBSC and 

the USIP respectively did not necessarily give a better definition of “a scientific 

study.” Only one of the eight interviewees was able to define a scientific study 

as scientific theory construction or testing. The definitions delivered by the 

remaining seven interviewees mainly focused on: conducting well designed 

experiments, keeping organized experimental data, and following rigorous 

logical thinking. 

 

How differently will Taiwanese graduate students react to the same 
selected scientific and/or technological article?  

In terms of selected scientific terms, with the definition suggested in a 

professional dictionary used as a reference, interviewees with a lower survey 

score on the UBSC and the USIP respectively did not necessarily deliver a less 

accurate definition for each of the terms. 

In respect to how the interviewees thought the issue discussed in the article 

on general science related to his or her life and to society, most of the 

interviewees, six out of eight, did not think it directly related to their lives. 

 

How do they think the science education they had in junior high school has 
related to their lives? 

Except for one interviewee who claimed science education in junior high 

school was not practical to daily life at all, other interviewees had positive 
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perceptions of science education in junior high school. To be more precise, their 

positive perceptions were revealed in three aspects: junior high school science 

teachers sparked their interest in science learning; junior high school science 

education provided them with fundamental scientific knowledge; and junior 

high school science education enlightened them with a scientific way of 

thinking. Basically, the finding echoed the overall positive response in the PJSE 

survey section. 

 

In the next chapter, Chapter 5, discussions of the findings, conclusions, 

and implications will be presented. Areas for future research will be identified. 
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CHAPTER 5 

DISCUSSION, CONCLUSIONS, AND IMPLICATIONS 

This chapter presents a summary of the study, a discussion of the findings, 

conclusions supported by these findings, and limitations of the study, as well as 

implications and suggestions for further research. 

 

Summary of the Study 

There is widespread agreement among the science education community, 

social scientists, and opinion researchers that scientific literacy is critical for 

individuals and for society (BouFaoude, 2002; Laugksch, 2000). In a science 

and technology based world, an individual needs a competent level of scientific 

literacy to deal with and make decisions on the science and technology related 

issues that are encountered in his or her daily life (Hurd, 1958; Pella, 1976; 

Shen 1975). An individual is also required to have an adequate level of 

scientific literacy in order to meet employment requirements (Laugksch, 2000). 

On the national level, the overall public’s level of scientific literacy is regarded 

as essential for maintaining a country’s economic vitality and competitiveness 

in the global market (Agin, 1974; Evans, 1970). To preserve a democratic 

society, a nation depends upon its citizens having some meaningful level of 

understanding of science and technology in order to participate in the public 

debate and decision making process of science and technology related policies 

(Miller, 1983, 1987; O’Hearn, 1976; Pella, 1976; Shen, 1975). 
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The major focus of this investigation was to explore the level of Taiwanese 

graduate students’ civic scientific literacy as revealed by a web survey. In 

addition to civic scientific literacy, Taiwanese graduate students’ interest in 

news of scientifically and technologically related issues and perceptions of 

junior high school science were also examined. Furthermore, three background 

variables: gender, school type, and academic areas were investigated for each of 

the preceding measures in order to determine if background variables impacted 

any of those measures.  

Miller’s framework for studying civic scientific literacy was embraced in 

this study (Miller, 1983; 1987, 1998). Miller argues that civic scientific literacy 

can be conceptualized as involving three dimensions. The first dimension 

covers a vocabulary of basic scientific constructs sufficient to read competing 

views in a newspaper or magazine. The second dimension requires an 

understanding of the process or nature of scientific inquiry. The third dimension 

calls for some level of understanding of the impact of science and technology 

on individuals and on society. Selected survey items from Miller’s work and 

other parallel work were replicated or modified for this study (Durant, Evans, & 

Thomas, 1989; INRA, 1993; Miller, 1998; NSF, 2002; Zhang & Zhang, 1993). 

According to Miller (1983, 1987) and Shen (1975), the mass media is 

crucial for the development of civic scientific literacy in public citizens. Shen 

(1975) argues that in a democratic society it is not sufficient to leave all 

decisions to technical experts. Enhancing the public’s scientific literacy will 
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permit fuller participation in the democratic process in a modern technological 

society (Shen, 1975). Miller argues that an attentive public, those who are 

interested in new information about science and technology and are well 

informed with this information, are important in the scientifically and 

technologically related policy making process in a democratic society. Their 

viewpoints are influential to opinion leaders and policy makers, especially 

when conflicting opinions exist inside the group of opinion leaders and policy 

makers (Miller 1983, 1997). One reason that a population of graduate students 

was selected for this study was that graduate students are the individuals who 

receive the highest level of formal education and who will potentially become 

social elites, such as opinion leaders and policy makers, in the very  near 

future. Their level of civic scientific literacy and their attentiveness to new 

information relating to science and technology is expected to be essential for 

developing a democratic Taiwan. 

Many scholars believe science education is crucial in preparing future 

scientifically literate citizens. In the United States, efforts have been made to 

develop guidelines for the K-12 science curricula in order to prepare all 

American students to become scientifically literate citizens (AAAS, 1989, 1993; 

NRC, 1996). In Taiwan, the science education community and the Ministry of 

Education, the highest central government agency in charge of education affairs 

in Taiwan, are emphasizing the necessity to enhance scientific literacy for all 

Taiwanese citizens. This was revealed in the extensive and ardent discussion 
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about topics of scientific literacy at the First National Convention of Science 

Education that was held in December 2002. In Taiwan’s current educational 

system, the three-year junior high school, which follows the six-year primary 

school, is the institution most responsible for equipping all Taiwanese citizens 

with competent scientific literacy. This study investigated participants’ 

perceptions of the science education they had in junior high school and its 

impact on scientific literacy. 

After junior high school, students are divided into an academic track or a 

vocational track. The scope and depth of formal science education varies with 

the type of school and the area in which a student studies. Graduate students 

come from a variety of backgrounds. On the whole, most graduate students in a 

national and private university come from the academic track, and a higher 

percentage of graduate students in a technical university or a technical college 

come from the vocational track. Academic field and school type were 

investigated in this study to see if they had an effect on the dependent variables 

measured in this study. 

According to the literature (NSF, 2002; INRA, 1993; Zhang and Zhang, 

1993), gender is a factor that can affect one’s level of civic scientific literacy 

and interest in and informedeness of new information concerning science and 

technology. Thus, in addition to school type and academic area, gender was 

another categorical variable examined in this study. 

In order to provide an alternative to information from the survey results, 
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individual interviews were conducted after the web survey. A context very 

different from that of a self-report questionnaire was provided to the 

interviewees for sharing their level of scientific literacy and perceptions of 

junior high school science education. 

In the following section, discussion of the major findings of the study are 

offered. 

 

Discussion of the Findings 

The overall level of Taiwanese graduate students’ civic scientific 

literacy. Miller proposed that civic scientific literacy was a construct with three 

dimensions. In this study, the first dimension, a vocabulary of basic scientific 

constructs sufficient to read competing views in a newspaper or magazine, was 

measured with the survey section of Understanding Basic Scientific Constructs 

(UBSC). The second dimension, an understanding of the process or nature of 

scientific inquiry, was measured with the survey section of Understanding of 

Scientific Inquiry Process (USIP). The third dimension, some level of 

understanding of the impact of science and technology on individuals and on 

society, was studied with the survey section of Attitudes toward the Impact of 

Science and Technology (AIST). In the UBSC and USIP section, a default 

correct answer was applied to each of the survey items and a composite score 

was computed for each of the sections. The survey items in the AIST section 

asked about the respondents’ general attitudes toward science and technology, 
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and there was no default correct answer for each of the AIST items. Thus, the 

overall level of Taiwanese graduate students’ civic scientific literacy was 

mainly examined through the scores of the UBSC and the USIP.  

When the scores of the UBSC and the USIP were jointly considered, only 

57.5% of the respondents were classified as scientifically literate. Although this 

percentage was much higher than 10%, which was the average scientifically 

literate population revealed in the biennial NSF surveys (NSF, 2002) and the 

highest percentage revealed from surveys conducted in countries of the 

European Union (INRA, 1993), these studies focused on the general population 

as a whole. Graduate students are people with the highest level of formal 

education society; thus it is beyond question that the percentage of scientifically 

literate individuals is much higher in graduate students than in the general 

population. However, since there have been no parallel studies on various 

populations of graduate students with the same instrument, it is difficult to 

determine if a percentage of 57.5% is high or low in comparison to similar 

populations. Nevertheless, the researcher believes that a percentage of 57.5% is 

low for a population of graduate student because almost all of the survey items 

in the UBSC and the USIP sections were considered to require only high school 

level knowledge. The findings suggest that the high rank Taiwan received in 

international comparisons of academic achievement in junior high school level 

science does not guarantee a high level of scientific literacy when measured 

using Miller’s framework.  
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When we look at the percentage correct for each individual item, several 

survey items seem especially responsible for the low totals. For the UBSC 

section, there were four items which had a correct percentage lower than 80%: 

Only 57.0% of the respondents knew that antibiotics do not kill both bacteria 

and viruses; only 64.8% of the respondents knew that electrons are smaller than 

atoms, and only 67.4% of the respondents knew that lasers do not work by 

focusing sound waves. Furthermore, only 78.9% of the respondents knew that 

the earliest humans did not live at the same time as dinosaurs. For the USIP 

section, over 30% of the respondents wrongly believed that Einstein’s Theory 

of Relativity and Darwin’s Theory of Evolution were proven facts, and more 

than 15% of the respondents thought the two scientific theories were just a 

hunch or idea, respectively. Less than 50% of the respondents chose the default 

correct answer that Einstein’s Theory of Relativity (49.1%) and Darwin’s 

Theory of Evolution (45.5%) were well established explanations. It was beyond 

the scope of this study to investigate the reasons that resulted in the low correct 

percentages of those items. Nevertheless, the finding suggests that overall 

Taiwanese graduate students lack an understanding of constructs in some 

scientific domains and lack a clear understanding of the nature of scientific 

theories. 

The interview results did not support the survey findings. While 

responding to the survey questions, a respondent needed to select one answer 

from the given options that best fit the description; in the interview, the 
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interviewees were asked to define the scientific terms in their own words. There 

was no parallel pattern such that the interviewees who scored high in the UBSC 

and USIP survey sections also demonstrated a better understanding in the 

interviews when asked to explain selected scientific constructs and the meaning 

of a scientific study. This finding, although based on a very small sample, might 

suggest that scientific literacy demonstrated in one context, such as a self-report 

questionnaire, does not necessarily correlate to performance in another context, 

such as an open-ended verbal format. Nevertheless, the findings of this study 

could not provide enough evidence to fully support this suggestion. 

Furthermore, as pointed out by Koballa et al., (1997), scientific literacy is 

composed of multiple domains. It is very likely that the inconsistency between 

the survey and the interview results resulted from the fact that the scientific 

constructs addressed in the survey and the interview represented knowledge of 

different scientific domains, which the interviewees understood at different 

levels. If this was the case, it seems that the content validity of Miller’s survey 

items is questionable. According to Abbott (2002), “In a questionnaire, content 

validity assesses whether the questions cover the range of behaviors normally 

considered to be part of the dimension you are assessing” (p.238). It is apparent 

that it is impossible to cover constructs of all scientific domains within the total 

of 12 items of the UBSC survey section. It also goes without saying that the 5 

items of USIP survey section do not include all aspects of scientific inquiry. In 

fact, in the process of constructing a measure of civic scientific literacy, Miller 
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seemed more concerned with the durability problem than the content validity. 

Miller (1998) argued that the measure he developed was an attempt to establish 

a set of basic constructs that could provide a time-series indicator for 

monitoring the public’s level of scientific literacy.  

 

The attentive public. The attentive public, according to Miller (1987), 

refers to those individuals who are not only interested in new information 

concerning science and technology related issues, but also are well informed 

about those issues. The attentive public is regarded as critical in the policy 

making procedure in a democratic society (Miller, 1983, 1987). The results of 

this study indicate that 79.1% of the respondents who regularly access major 

news media on a basis of more than 3 to 4 days per week are moderately or 

very interested in new information about new inventions and technology, and 

76.3% reported being moderately or very interested in new scientific 

discoveries. These percentages are about 5% to 15% lower than the percentages 

of American adults and British adults surveyed (Durant, Evans, & Thomas, 

1989; NSF, 2002). In a 1988 British survey, 84.4% of respondents reported 

being either moderately interested (45.0%) or very interested (39.4%) in new 

inventions and technologies, and 82.2% reported either moderately interested 

(44.0%) or very interested (38.2%) in new scientific discoveries (Durant, Evans, 

& Thomas, 1989). The results of the biennial NSF survey (SPAUST) show that 

in 1983 around 90% of American adults were either moderately interested or 
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very interested in news of either new scientific discoveries or new inventions 

and technologies, and this level has been consistent for the past 20 years (NSF, 

2002). Table 5-1 summarizes the percentages described above.  

 

Table 5-1 Percentages of interest in new information of science and technology 

 Taiwanese graduate 
students 

(Results of this 
study) 

British adult 
citizens 

(Results of 1988 
British survey) 

American adult 
citizens 

(Results of 2001 
NSF Survey) 

 
Interest in information of new inventions and technology 

Moderately 
interested  

42.9% 45.0% 43% 

Very interested 36.2% 39.4% 47% 
Subtotal 79.1% 84.4% 90% 
 

Interest in information of new scientific discoveries 
Moderately 
interested  

44.3% 44.0% 47% 

Very interested 31.0% 38.2% 45% 
Subtotal 76.3% 82.2% 92% 

 

With respect to the informedness of new information of science and 

technology, the percentages of moderately well and very well informed 

Taiwanese graduate students were also similar to or less than the percentages of 

British and American adults (Table 5-2).  

It is noted that while the lower percentages in Taiwanese graduate students 

may have resulted from a different survey design (i.e., a three-point scale was 
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employed in the British and NSF surveys, while this study employed a 

five-point scale), the low percentages still indicate a warning sign that 

Taiwanese graduate students are not very interested in and well informed of 

new information about science and technology. 

 

Table 5-2 Percentages of informedness of new information of science and 
technology 
 Taiwanese graduate 

students 
(Results of this 

study) 

British adult 
citizens 

(Results of 1988 
British survey) 

American adult 
citizens 

(Results of 2001 
NSF Survey) 

 
Informedness of information of new inventions and technology 

Moderately well 
informed  

60.2%  52.9% 52% 

Very well 
informed 

5.8% 9.4% 12% 

Subtotal 66.0% 62.3% 64% 
 

Informedness of information of new scientific discoveries 
Moderately well 
informed  

53.1% 47.5% 57% 

Very well 
informed 

4.6% 9.0% 14% 

Subtotal 57.7% 56.5% 71% 

 

The effects of the background variables. Three background variables 

were investigated in this study: gender, school type and academic field. While 

the gender variable was exclusively studied in surveys of civic scientific 
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literacy conducted in other populations and in other countries, the remaining 

two background variables provided information that have not been included or 

described in other research studies. 

In terms of the effect of gender, the findings of this study were consistent 

with those of studies conducted in other populations and countries. The point 

revealed in this study that females in general had lower mean scores than did 

males on the measures of basic scientific construct and interest in new 

information of science and technology corroborates the results of the NSF 

surveys (NSF, 2001) and the 1992 Eurobarometric survey, which were 

conducted in countries of the European Union (INRA, 1993). Like the results of 

other studies, male respondents in this study also had higher mean scores than 

did female respondents on the measure of informedness of new information of 

science and technology; however, the difference did not yield statistical 

significance at the α = .05 level. The only finding that diverged from the results 

of the NSF surveys and the 1992 Eurobarometric survey was that on the USIP 

female respondents in this study had higher mean scores than did the male 

respondents, but the difference did not yield statistical significance at the α 

= .05 level. It is also worth noting that although in the 2001 NSF study and the 

1992 Eurobarometric survey, males had higher mean scores than did females; 

when considering the correct percentages for each of the items, the difference of 

between males and females was less than 2% in the 2001 NSF survey and less 

than 4% in the 1992 Eurobarometric survey. 
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Research studies on the effect of gender on academic achievement in 

science have been telling us that males demonstrate better performance than do 

females. Therefore, it was not beyond this researcher’s expectation that male 

respondents scored higher than did female respondents on the UBSC. 

Nevertheless, the small difference between males and females on the USIP, 

where females on average had a higher percentage, seems unexplainable.  

According to the results described in Chapter 4, gender had an effect on 

some of the AIST items. Overall, females seemed to have more conflicting 

attitudes toward science and technology than did males. On the one hand, 

females were more inclined to believe that it was important to know science in 

their daily life, but on the other hand, they tended to see the harm that science 

and technology could bring to the earth. Females were also less likely to 

support research conducted on animals.  

When it comes to the effect of school type, the results show that school 

type was related to Taiwanese graduate students’ level of civic scientific literacy. 

While national and private university graduate students showed no significant 

difference on the mean scores on the UBSC and USIP, both of them 

demonstrated significantly higher mean scores than did their counterparts, 

graduate students in technical institutions. This finding supported the 

expectation that graduate students who had followed an academically orientated 

track had a higher level of civic scientific literacy than did those from a 

vocationally orientated track. As stated in earlier chapters, students in the 
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vocational track in Taiwan’s educational system, on the whole, demonstrate 

lower academic performance than their academic track counterparts, especially 

in the higher school entrance process. Compared with national and private 

universities, technical universities and colleges have much higher percentages 

of students who have studied in the vocational track since graduating from 

junior high school. Thus, it stands to reason that schooling tracks have an 

impact on the level of scientific literacy. 

When a closer look was taken at the percentages of scientifically literate 

respondents studying in each of the three school types (Table 5-3), the pattern 

of the relationship between school type and the level of scientific literacy 

became even more obvious. The large discrepancy indicates a need for further 

study on the reasons behind this phenomenon. 

 

Table 5-3 Percentages of scientifically literate sample in each school type 

 UBSC a USIP b UBSC & USIP c 
National 94.38% 69.10% 66.29% 
Private 87.44% 66.83% 59.30% 

Technical 79.73% 50.68% 44.59% 
    

Overall 87.62% 63.05% 57.52% 
a. The percentage of sample who got at least two-thirds of the UBSC 

questions correct. 
b. The percentage of sample who got at least two-thirds of the USIP questions 

correct. 
c. The percentage of sample who got at least two-thirds of the UBSC and, at 

the same time, two-thirds of USIP questions correct. 
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School type was not related to other variables investigated in the study. It 

was expected that graduate students of technical institutions would have a more 

negative perception of junior high school science because academic and 

vocational tracks started after junior high school. For many Taiwanese students, 

academic achievement in junior high school determines whether they enter an 

academic track or a vocational track. To the investigator’s surprise, although the 

difference did not reach a statistically significant level, graduate students of 

technical institutions delivered the highest mean score on the measure of the 

PJSE, followed by graduate students of national universities. Graduate students 

of private universities had the lowest mean score on the PJSE.  

In terms of the effect of academic field, the results indicated that except for 

the USIP, all of the measures were related: interest in and informedness of new 

information of science and technology, the UBSC, and the PJSE. It is worth 

considering that because there were nine academic areas included in the post 

hoc comparisons, results were more likely to indicate a significant difference in 

an ANOVA test. As indicated in the summary of Chapter 4 (Table 4-29), in the 

post hoc comparisons, the four fields that were more closely related to science 

and technology (i.e., Natural Sciences, Medical Sciences, Mathematics and 

Computer Sciences, and Engineering) generally demonstrated higher mean 

scores than did the five fields less related to science and technology (i.e., 

Education, Humanities, Social Sciences, Business, and Law).  

Although academic field did not show a significant effect on the USIP, the 
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rank order of the mean score of each academic area was unexplainable. 

Compared to the four fields that were more closely related to science and 

technology, the five fields less related to science and technology , except for 

Business, had higher mean scores on the USIP (Table 4-17) as well as a higher 

percentage of participants who were classified as scientifically literate in the 

second dimension of civic scientific literacy (Table 5-4). This also affected the 

rank order of the percentage of scientifically literate respondents when the 

UBSC and the USIP were jointly considered (Table 5-4).  

 

Table 5-4 Percentages of scientifically literate sample elements in each 
academic area  
 UBSC a USIP b UBSC & USIP c 
Education 84.38% 68.75% 59.38% 
Humanities 80.43% 65.22% 54.35% 
Social Sciences 85.71% 75.00% 67.86% 
Business 79.58% 57.04% 48.59% 
Law 100.00% 70.00% 70.00% 
Natural Sciences 94.52% 65.75% 64.38% 
Mathematics and 
Computer Sciences 

94.87% 61.54% 61.54% 

Medical Sciences 97.22% 63.89% 61.11% 
Engineering 89.29% 59.52% 54.76% 
a. The percentage of sample which got at least two-thirds of the UBSC 

questions correct. 
b. The percentage of sample which got at least two-thirds of the USIP 

questions correct. 
c. The percentage of sample which got at least two-thirds of the UBSC and, at 

the same time, two-thirds of USIP questions correct. 
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When the percentage correct for each item in the USIP was examined 

(Table 5-5), it was found that while all academic areas generally had low 

correct percentages on the two items that asked about the nature of a scientific 

theory, the four science and technology related areas had even lower 

percentages than did many of the areas less related to science and technology 

(Tables 5-4 and 5-5). This finding was totally beyond the researcher’s 

expectation. This researcher was not able to come up with a reasonable 

explanation for this finding based on the data collected in this study.  

 

Table 5-5 Correct percentage on each item in the USIP by academic area 
 3-1 3-2 3-3 3-4 3-5 

Education 96.9% 81.3% 96.9% 56.3% 59.4% 

Humanities 98.1% 89.1% 93.5% 50.0% 60.9% 

Social Sciences 92.9% 89.3% 92.9% 75.0% 57.1% 

Business 90.1% 87.3% 97.9% 43.0% 37.3% 

Law 93.3% 90.0% 100.0% 53.3% 40.0% 

Natural Sciences 93.2% 90.4% 98.6% 50.7% 43.8% 
Mathematics and 
Computer Sciences 

87.2% 92.3% 100.0% 41.0% 46.2% 

Medical Sciences 100.0% 88.9% 97.2% 41.7% 52.8% 

Engineering 88.1% 90.4% 98.8% 46.4% 42.9% 
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Conclusions  

Taiwan, the Republic of China, is a country which has been striving hard 

to advance its democracy and heavily dependent on a knowledge-based 

economy. Enhancing the level of scientific literacy of Taiwanese citizens is 

necessary because scientific literacy is widely regarded as essential for 

promoting the participation of the public in a democratic society in the process 

of making policies about science and technology related issues. Scientific 

literacy is also commonly believed to be vital for maintaining a country’s 

economic vitality and its competitiveness in the global market. Thus, science 

educators in Taiwan should highly emphasize promoting students’ 

understanding of science. 

The high rank Taiwan receives in international comparisons of primary 

and junior high school level science demonstrates the efforts that Taiwan’s 

science educators in compulsory education have made over many years. 

However, no research has been conducted to evaluate whether this high level of 

academic achievement at the junior high school level promises a high level of 

scientific literacy in adults. This study specifically investigated the level of 

civic scientific literacy of Taiwanese graduate students, the population which 

represents the most educated people in Taiwan, with Miller’s framework of the 

three dimensions of civic scientific literacy.  

On the basis of the results delineated in Chapter 4 and the discussions 

described above, it can be concluded that: 
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1. On the whole, Taiwanese graduate students’ civic scientific literacy 

in terms of understanding of basic scientific constructs and the 

scientific inquiry process is not at a satisfactory level.  

2. When it comes to their attitudes toward science and technology, 

mixed attitudes were demonstrated.  

3. In general, Taiwanese graduate students are not very attentive to 

new information related to science and technology.  

4. Gender, school type, and academic field all had an impact on the 

understanding of basic scientific constructs. But only school type 

had an effect on the participants’ understanding of the scientific 

inquiry process. 

 

Limitations of the Study  

There were some limitations of the study due to using a web survey as a 

research method. According to Dillman (2000), there are four major sources 

that result in survey error: sampling error, coverage error, measurement error, 

and nonresponse error. In terms of the web survey conducted in this study, only 

the non-response error is a concern. Nevertheless, in the following paragraphs, 

each of the possible sources of survey error is discussed. 

Sampling error sometimes occurs when too few subjects are recruited. 

According to Dillman (2000), “The extent to which the precision of sample 

survey estimates is limited by the number of persons (or other units) surveyed is 



 161

described by the term sampling error” (p.9). However, given that the number of 

responses (n=525) in this study was more than that required for achieving a +/- 

2.5% precision at a 95% confidence level (n=383), the concern for sampling 

error is small.  

According to Dillman (2000), “Coverage error occurs when the list from 

which the sample is drawn does not include all elements of the population , thus 

making it impossible to give all elements of the population an equal or known 

chance for being included in the sample survey” (p.9). In this study, the sample 

frame covered about 86% 11of all graduate students in the three types of 

schools investigated in this study (i.e., national university, private university, 

and technical university and college) and 100% of graduate students in these 

schools who study in the eleven academic areas examined in this research. The 

14% of the population which was excluded from the sample frame was 

comprised of students who were not in the eleven academic fields, but rather 

fields such as art, sports, tourism, transportation, home economics, culinary arts, 

maritime affairs, and other areas with very small populations of students. The 

elements covered in the sample frame were believed to have had a good 

representation in the population. Therefore, any concern regarding coverage 

error is also minimal.  

Measurement error results from answers that are either inaccurate or are 

outliers. “The measurement error” according to Dillman (2000), “Occurs when 

                                                 
11 Based on the statistics in the 2002-2003 school year database maintained by the Bureau of 
Statistics of the Ministry of Education of Taiwan. 
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a respondent’s answer to a survey question is inaccurate, imprecise, or cannot 

be compared in any useful way to other respondents’ answers” (p.9). In order to 

minimize the possibility of measurement error, the survey items that were 

translated from English to Chinese were reviewed and back translated by two 

bilingual Taiwanese doctoral students at The University of Texas at Austin. All 

survey items were pretested by several pretesters to ensure the quality of 

question wording and questionnaire construction. Hence, concern for the 

measurement error was controlled to a small level. 

The last type of survey error, nonresponse error, is of greatest concern in 

this study. It “occurs when a significant number of people in the survey sample 

do not respond to the questionnaire and have different characteristics from 

those who do respond, when these characteristics are important to the study” 

(Miller, 2000, p. 10). The low response rate of this survey (about 11.9%) 

rendered the risk of non-response error. Two factors were expected to have 

resulted in the low response rate. The response rate was calculated by dividing 

the number of responses by the number of students who were invited to 

participate in the survey. The numerator, the number of responses, came from 

the effective number of records contained in the database. The denominator, the 

number of students who were invited to participate in the survey, was the 

summation of the number of graduate students in each of the graduate programs 

involved in this study. Although these numbers were provided by the offices of 

the various graduate programs, it is uncertain whether they were equivalent to 
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the number of invitation emails sent to the graduate students. Moreover, 

although it was expected that the offices of the graduate programs would 

maintain students’ working email addresses, it was found when contacting each 

graduate program that many of them, although they had a list of students’ email 

accounts, did not use email to communicate with students. In other words, the 

email accounts the students had reported to the office might not have been 

working accounts at the time of this survey. That the denominator was not valid 

was supported by the huge range of response rates across academic fields of 

different school types. While graduate students studying in business had the 

highest response rate (26.64%), students who studied in agricultural related 

fields had the lowest response rate (3.17%).  

Regardless of whether the office of graduate programs failed to forward 

emails to all of its students, perhaps due to inactive email accounts students had 

reported to the office, the underlying problem that resulted in a questionable 

response rate lie in the fact that the researchers did not have full control over 

the sampling procedure due to the constraints imposed by the 

Computer-Processed Personal Data Protection Law in Taiwan. If a researcher 

plans to conduct a survey through the Internet, he or she needs to take this issue 

into consideration while planning the research.  
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Implications and Suggestions for Further Research 

The findings and conclusions drawn from this study lead to several 

implications and suggestions for future research, and these are discussed in this 

section. 

First, although Miller’s framework of studying civic scientific literacy has 

been used as an indicator which has monitored the level of American adults’ 

level of civic scientific literacy for more than two decades; it has also been 

replicated in many countries, however there is a need to further study whether 

the instruments for measuring the understanding of basic scientific constructs 

and scientific inquiry process have adequate content validity. The discrepancy 

between the interviews and the survey results supports this suggestion.  

Next, the unsatisfactory level of civic scientific literacy that Taiwanese 

graduate students demonstrated in this study indicates that there may be a gap 

between the high educational achievements of students in junior high school 

science and the level of scientific literacy of adults. This study was not able to 

provide an explanation for the cause of this gap between the high achievements 

of students in junior high school science and the unsatisfactory level of 

scientific literacy of adults. It is suggested that there is an urgency to further 

investigate the reasons behind the gap in order to take proper actions to improve 

the level of civic scientific literacy at the adult level. Two aspects are assumed 

to be responsible for minimizing the gap. The first is science education and the 

second is mass media. 
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For a long time, science curricula in Taiwan have been criticized as being 

too difficult for most students and also irrelevant to daily life. The President of 

Academia Sinica, also the former winner of a Nobel Prize in Chemistry, Dr. 

Yuan T. Lee, has pointed out many times in his public speeches that he thinks 

the content of Taiwan’s middle school science education is too much. Students 

should be given more time and more instruction in self-learning. In addition, 

science education at the middle and secondary school level in Taiwan has been 

scored by the public for being a spoon-feeding way of teaching and learning. 

Getting into a highly ranked school is the only paramount goal for science 

teaching and learning. Instead of guiding students to interact with science, 

teachers teach the tests of science. Students rote memorize a great deal of 

scientific facts and drill practice for passing higher school entrance 

examinations. As a result, a student who is proficient at taking examinations for 

science may not have critical thinking ability. Dr. Chen, Yong-Fang, a professor 

in the Department of Physics in the National Taiwan University, had pointed out 

this phenomenon in an interview reported in a newspaper. He said, “Taiwan’s 

science education is too dull and irrelevant to daily life... I’ve seen so many 

college students whose mental situation still stays at the level of rote learning; 

they refuse to think… if they could have learnt critical thinking at the high 

school level, the quality of college students must be much higher than that of 

now.” (Udnnews, 2002).  

It may be as well just like what Shamos pointed out that keen competition 
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for admission to a higher school is a strong incentive for students to perform 

well in high school science (Shamos, 1995). When the incentive is absent, that 

is to say when a student no longer has to take an examination of science for a 

school admission purpose, he or she is very likely to lose interest in science 

learning. This researcher argues to examine the current science curricular, 

teaching and learning of middle and secondary school science, and study if they 

(1) portray a full picture of science, which not only includes the knowledge of 

various domains of science, but also the nature of scientific inquiry, and the 

impact of science and technology; (2) connect to scientific and technological 

issues encountered in daily life; (3) arouse students’ interest in science, not just 

learn for passing examinations; and (4) help students develop a mind of science 

so that they can be life-long active learners.  

Mass media need to be examined to see if they provide adequate and valid 

information about science and technology. The low interest in new information 

of science and technology among Taiwanese graduate students might result 

from the mass media in Taiwan which fails to provide adequate information 

about science and technology to sustain graduate students’ interest. The low 

percentage of the population of Taiwanese graduate students who reported 

being very well informed about new information of science and technology 

may also result from the fact that the mass media do not offer sufficient and 

valid information.  

Finally, this study points out that there are discrepancies in the levels of 
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scientific literacy among Taiwanese graduate students of different genders, 

school types, and academic areas. Although a survey is not able to indicate a 

cause-and-effect relationship, the different schooling tracks that students in 

different school types were likely to have followed shed some light on the 

possible reason that results in the discrepancies of the level of civic scientific 

literacy of students in different types of institutions. Students of the vocational 

track are the group of students which have been neglected in Taiwan’s 

educational system for such a long time. The low percentages (less than 50%) 

of scientifically literate students in technical institutions calls for a need to look 

into this phenomenon and further to take action for promoting the level of 

scientific literacy of students in the vocational track. The expansion of the 

volume of Taiwan’s higher education, especially the rapid expansion at the 

technical institutions, is expected to provide students with more opportunities 

for receiving higher education, and in the meantime to promote the human 

resources of Taiwan. The findings of this study have raised the concern for 

attaining the later objective.  
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Appendix A Survey Items of Interest in and Informedness of Science and 
Technology News (INST) 
 
Part I For each of the following item, please select an answer that best 
describes you. 
 
1-1. In general, about how many days per week do you 
  Almost 

everyday
5 to 6 
days / 
week 

3 to 4 
days / 
week 

1 to 2 
days / 
week 

Hardly 
ever 

1-1a. watch the news on 
television? 

     

1-1b. read the news in 
daily newspapers?

     

1-1c. listen to the news 
on the radio? 

     

1-1d. read the news on 
Internet? 

     

 
1-2. Generally speaking, to what extent you are interested in the following 
categories of news?  
  Not at all 

interested
Somewhat 

uninterested
Neutral Somewhat 

interested 
Very 

interested
1-2a. Political 

news 
     

1-2b. Financial 
news 

     

1-2c. New 
inventions & 
technologies 

     

1-2d. New 
scientific 
discoveries 

     

1-2e. Sports news      
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1-2f. Entertainme
nt news 

     

1-2g. Local news      
1-2h. Literature 

supplement 
     

 
1-3. Generally speaking, to what extent you are well or poorly informed with 
the following categories of information? 
  Very poorly 

informed 
Moderately 

well informed 
Very well 
informed 

1-3a. New inventions 
and technologies 

   

1-3b. New scientific 
discoveries 

   

 
1-4.      
  Never Hardly 

ever 
Occasion- 

ally 
Often 

1-4a. 
 

Do you ever read articles 
on science or technology 
in newspapers? 

    

1-4b. Do you ever watch TV 
programs on science or 
technology? 

    

1-4c. Do you ever read any 
general scientific or 
technological 
magazines? 
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Appendix B Survey Items of Understanding of Basic Scientific Construct 
(UBSC) 
 
Part II For each of the following items, please select an answer form the three 
options-true, false, and don’t know-that best describes your opinion.  
  True False Don’t 

know
2-1. The center of the earth is very hot.    
2-2. The oxygen we breathe comes from plants.    
2-3. Radioactive milk can be made safe by boiling it.    
2-4. Electrons are smaller than atoms.    
2-5. The continents on which we live have been 

moving their location for millions of years and 
will continue to move in the future. 

   

2-6. It is the father's gene which decides whether the 
baby is a boy or a girl. 

   

2-7. The earliest humans lived at the same time as 
the dinosaurs. 

   

2-8. Antibiotics kill viruses as well as bacteria.    
2-9. Lasers work by focusing sound waves.    
2-10. All radioactivity is man-made.    
2-11. Human beings, as we know them today, 

developed from earlier species of animals. 
   

  The earth 
goes 

around 
the sun 

The sun 
goes 

around 
the earth

None of 
the 

above 

Don't 
know 

2-12. Does the earth go 
around the sun or does 
the sun go around the 
earth? 
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Appendix C Survey Items of Understanding of Scientific Inquiry Process 
(USIP) 
 
Part III For each of the following items, please select an answer that best 
describes your opinion.  
3-1. Please imagine the following situation: Two scientists want to know if 

a certain drug is effective against high blood pressure. 
 A. The first scientist wants to give the drug to 1000 people with 

high blood pressure and see how many of them experience lower 
blood pressure levels.  

 
 B. The second scientists want to give this drug to 500 people with 

high blood pressure, and not give this drug to another 500 people 
with high blood pressure, and see how many in both groups 
experience lower blood pressure levels. 

 In your opinion, which is the better way to test this drug? 

 A 
 B 
 Don’t know 
 
3-2. Suppose a machine is breaking down repeatedly. It is suspected that 

the material from which a particular part is made is responsible for the 
breakdowns. The following represents three different ways of 
investigating this problem. Which one do you think scientists would be 
most likely to use? 

  Talk to the machine operators and get their opinion. 
  Use their own scientific knowledge to decide how good the material 

is. 
  Make the same part from different materials, put them in the 

machine, one after the other, and then compare what happens in 
each case. 

  Don’t know. 
 
3-3. Suppose doctors tell a couple that their genetic make-up means that 
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they’ve got a one in four chance of having a child with an inherited 
illness. Which of the following description best fits the situation. 

  If they have only three children, none will have the illness. 
  If their first child has the illness, the next three will not. 
  Each of the couples’ children has the same risk of suffering from 

the illness. 
  If their first three children are healthy, the fourth will have the 

illness. 
  Don’t know. 
 
3-4. When scientists talk about Einstein’s theory of relativity, are scientists 

talking about 
  A hunch or idea 
  A well established explanation 
  A proven fact 
  Don’t know 
 
3-5. When scientists talk about Darwin’s theory of evolution, are scientists 

talking about 
  A hunch or idea 
  A well established explanation 
  A proven fact 
  Don’t know 
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Appendix D Survey Items of Attitudes toward the Impact of Science and 
Technology (AIST) 
 
Part IV For each of the following items, please select an answer that best 
describes your opinion. (1) means totally disagree, and (7) means totally agree. 
  1 2 3 4 5 6 7
4-1. Science and technology are making our 

lives healthier, easier, and more 
comfortable. 

   

4-2. Scientists should be allowed to do 
research that causes pain and injury to 
animals like dogs and chimpanzees if it 
produces new information about human 
health problems. 

   

4-3. It is not important for me to know about 
science in my daily life. 

   

4-4. Science makes our way of life change 
too fast. 

   

4-5. Technological discoveries will 
eventually destroy the Earth. 

   

4-6. With the application of science and new 
technology, work will become more 
interesting. 

   

4-7. Because of science and technology, 
there will be more opportunities for the 
next generation. 

   

4-8. Technological development creates an 
artificial and inhuman way of living. 

   

4-9. Scientists should be allowed to do 
research that causes pain and injury to 
animals like mice if it produces new 
information about human health 
problems. 

   

4-10. New inventions will always be found to    
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counteract any harmful consequences of 
technological development. 

4-11. People would do better by living a 
simpler life without so much 
technology. 

   

4-12. There are some good ways of treating 
sickness that medical science does not 
recognize. 

   

4-13. Thanks to scientific and technological 
advances, the Earth's natural resources 
will be in exhaustible. 

   

4-14. Scientific and technological research 
cannot play an important role in 
protecting the environment and 
repairing it. 
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Appendix E Survey Items of Perceptions of Junior High School Science 
(PJSE) 
 
Part V The following items ask your overall perceptions of junior high school 
science education (for instance: physics-chemistry, biology, health education, 
and earth science.) (1) means totally disagree and (7) means totally agree. 
  1 2 3 4 5 6 7
5-1. Science education in junior high school 

enlightened my interest in science. 
    

5-2. Science education in junior high school is 
not relevant to my daily life. 

    

5-3. Science education in junior high school 
serves as my knowledge foundation to 
comprehend scientific and technological 
related news. 

    

5-4. Science education in junior high school 
helped me understand what science is. 

    

5-5. Science education in junior high was only 
useful to me in the higher school-entrance 
exam. 

    

5-6. I learned many scientific concepts in junior 
high school science education. 

    

5-7. I learned scientific inquiry methods in 
junior high school science education. 

    

5-8. When I am watching scientific or 
technological related news, I referred back 
to relevant concepts which were learned 
junior high school science education. 

    

5-9. I apply the knowledge learned in junior 
high school science education in my daily 
life. 
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Appendix F Survey Items of Demographic Information 

 

Part VI Personal Background Information 
 
6-1. You are 
        Female 
        Male 
 
6-2. You were born in the year of 

1960 and before 1970 1980 
1961 1971 1981 
1962 1972 1982 
1963 1973 1983 
1964 1974 1984 and after 
1965 1975  
1966 1976  
1967 1977  
1968 1978  
1969 1979  

 
6-3. After graduation from junior high school, you went into a 

Senior high school 
Vocational senior high school (please skip to 6-5.) 
Five-year college (please skip to 6-5.) 
Other, please specify 

 
6-4. In senior high school, you studied in 

Social science group 
Science group 
Other, please specify 

 
6-5. What type of school you are currently enrolled in? 
        National university 
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        National technical university 
        National college 
        Private university 
        Private technical university 
        Private college 
         Other, please specify 
 
6-6. Your bachelor's degree is in the field of 
        Do not have a bachelor's degree 
        Education 
        Art 
        Humanity 
        Social sciences 
        Business 
        Law 
        Natural sciences 
        Math and computer sciences 
        Medical sciences 
        Engineering 
        Agricultural related 
        Communication 
         Other. The title of the department was  
 
6-7. Are you pursuing a Master's degree?  

Yes 
No (Please skip to 6-9.) 

 
6-8. The master's degree you are pursuing is in the field of 
        Education 
        Art 
        Humanity 
        Social sciences 
        Business 
        Law 
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        Natural sciences 
        Math and computer sciences 
        Medical sciences 
        Engineering 
        Agricultural related 
        Communication 
         Other, please specify 
 
6-9. Are you pursuing a doctorate degree? 

Yes 
No (Please skip to Part VII.) 

 
6-10. The doctorate degree you are pursuing is in the field of 
        Education 
        Art 
        Humanity 
        Social sciences 
        Business 
        Law 
        Natural sciences 
        Math and computer sciences 
        Medical sciences 
        Engineering 
        Agricultural related 
        Communication 
         Other, please specify   
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Appendix G Interview Guide 

 
1. Some news stories talk about the results of a “scientific study.” When you 

read or hear the term “scientific study,” do you have a clear understanding 
of what it means, a general understanding of what it means, or little 
understanding of what it means? 

2. Please tell me in your own words, what does it mean to study something 
scientifically? 

3. Have you ever read this article before? Have you read other articles of 
relevant topics before? What are they? When and where? 

4. Do you feel the topic of this article interesting? If you see the topic 
somewhere by chance, e.g. in newspapers or a magazine, would you read 
through it? 

5. For the (scientific or technological term) used in the article, can you please 
tell me in your words what does it mean? When or where did you learn the 
concept? 

6. How do you think the issue discussed in the article relates to your life? 
7. What impact do you think the issue discussed in the article has on the 

society? 
8. How do you think the science education you had in junior high school has 

relation to your life now? 
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Appendix H Chinese Version of the Web Survey Questionnaire  

 
***這份問卷的對象是目前在學的台灣研究生(包括碩士與博士)，如果您不是的
話，請您不要作答，謝謝您!*** 

回問卷說明書 
 

第一部分 關於下列各問題，請選擇最符合您意見的一個選項。 
 
1-1. 一般而言，一周內有多少天您會 
  幾乎每

天 
每週 5
至 6天

每週 3
至 4天

每週 1
至 2天 

幾乎從

不 
1-1a. 收看電視新聞?      
1-1b. 閱讀報紙新聞?      
1-1c. 收聽廣播新聞?      
1-1d. 閱讀網路新聞?      
 
1-2.若將興趣的程度從『毫無興趣』到『非常有興趣』分成五等級，那麼一般而
言您對下列各類型新聞的興趣程度是 
  毫無興

趣 
不太有

興趣 
中立 有一點

興趣 
非常有

興趣 
1-2a. 政治類      
1-2b. 財經類      
1-2c. 科技類      
1-2d. 科學類      
1-2e. 體育類      
1-2f. 娛樂影劇類      
1-2g. 社會地方類      
1-2h. 文學藝術類      
 
1-3.對於下列類型訊息的獲得，您覺得自己有 
  非常充足的資

訊 
大致充足的資

訊 
非常不足的資

訊 
1-3a. 科技新知或發明    
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1-3b. 科學新發現    
 
1-4.      
  從不 很少 偶爾 經常 
1-4a. 
 

您曾經閱讀過報紙中關於科學或

科技的文章嗎？ 
    

1-4b. 您曾經收看過關於介紹科學或科

技的電視節目嗎？ 
    

1-4c. 您曾經閱讀過科學類或科技類的

雜誌嗎(不包括學術期刊)? 
    

 
 
第二部分 關於下列敘述，請在 對, 錯, 不知道 三個答案中選擇最符合您意見的
一項。 
 
  對 錯 不知

道 
2-1. 地球的核心是非常炙熱的。    
2-2. 我們呼吸的氧氣是由植物製造的。    
2-3. 有放射性的牛奶可以藉由煮沸使之無害。    
2-4. 電子比原子小。    
2-5. 我們所生活其上的陸塊，在百萬年來不斷地

移動，並且在未來還會繼續移動。 
   

2-6. 男孩或女孩是由父親的基因決定的。    
2-7. 最早的人類曾和恐龍生存在相同的年代。    
2-8. 抗生素能夠殺死病毒及細菌。    
2-9. 雷射的原理是將聲波聚焦。    
2-10. 所有放射性的東西都是人造的。    
2-11. 根據現有的知識，人類是由更早的物種演化

來的。 
   

  地球繞太

陽運行 
太陽繞地

球運行 
以上皆非 不知道 

2-12. 是地球繞太陽運行或
是太陽繞地球運行? 
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第三部分 關於下列各問題，請選擇最符合您意見的一個選項。 
 
3-1. 請想像以下的情況: 有兩位科學家想知道某種藥物是否對於抗高血壓有

效。 
 情況一 第一位科學家將此藥物給 1000位患有高血壓的病人使用一

段時間，然後觀察有多少病人的血壓下降了。 
 情況二 第二位科學家將此藥物給 500位高血壓病患使用，同時不給

另外 500位高血壓病患使用。然後觀察兩組病人中各有多少
人的血壓下降了。 

 請問您認為上述兩種測試抗血壓藥物的情況，哪一種較好? 
 情況一 
 情況二 
 不知道 
 
3-2. 假若有一部機器經常性的當機，該機器某一特定零件的材料被懷疑是造

成經常當機的主因。下列三種解決問題的方法中，您認為科學家最可能

使用何種方法? 
 詢問機器操作員的意見 
 根據他們的科學知識來決定機器的材料是否可靠 
 使用不同的材料來製造那個被懷疑的零件，然後逐一測試並比較結果

 不知道 
 
3-3. 假設醫生對一對夫妻說，他們夫妻倆的基因組合會使得他們的孩子有 1/4

的機率得到一種遺傳疾病。請問下列哪一敘述最符合上述的情況? 
 如果他們有三個孩子，則沒有一個孩子會患有該遺傳疾病 
 如果他們的第一個孩子患有該遺傳疾病，則之後所生的三個孩子都不

會患有該遺傳疾病 
 他們的每個孩子都有相同的機會遺傳到該疾病 
 如果他們的前三個孩子都很健康，則第四個孩子會患有該遺傳疾病 
 不知道 
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3-4. 當科學家在談論愛因斯坦的相對論時，科學家們是在談論 
 一種直覺或想法 
 一套完整建立的說法 
 一個被證明的事實 
 不知道 
 
3-5. 當科學家在談論達爾文的進化論時，科學家們是在談論 
 一種直覺或想法 
 一套完整建立的說法 
 一個被證明的事實 
 不知道 
 
 
第四部分 關於下列敘述，請在完全不同意(1)到完全同意(7)的七個等級中選擇最
符合您意見的一項。 
  1 2 3 4 5 6 7
4-1. 科學與科技使我們的生活更健康，方便，

與舒適。 
   

4-2. 如果能夠獲得對人類健康問題的新知，科

學家應被允許從事會造成狗與猩猩等動

物痛苦的研究。 

   

4-3. 對我而言，在日常生活中知道科學一點也

不重要。 
   

4-4. 科學使得我們的生活方式變化太快。    
4-5. 科技上的發現終究將毀滅地球。    
4-6. 科學與科技的應用使得工作變得更有趣。    
4-7. 科學與科技將使得下一代有更多的機會。    
4-8. 科技的發展造就了一個人工且無人性的

生活方式。 
   

4-9. 如果能夠獲得對人類健康問題的新知，科

學家應被允許從事會導致動物，例如老

鼠，痛苦的研究。 

   

4-10. 總是將會有新的發現來消弭任何因科技
發展而產生的危害。 
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4-11. 沒有太多科技的簡單生活會使人們過得
更好。 

   

4-12. 有些好的治療疾病的方式並沒有被醫藥
科學認可。 

   

4-13. 感謝科學與科技的進步，地球的自然資源
將不會耗竭。 

   

4-14. 科學與科技的研究無法在保護與修復環
境上扮演重要的角色。 

   

 
 
第五部分 整體而言，您對國中科學教育(例如理化，生物，健康教育，以及地球
科學等)的看法是：1表示完全不同意，7表示完全同意。 
  1 2 3 4 5 6 7
5-1. 國中科學教育引起我對科學的興趣。    
5-2. 國中科學教育與我的日常生活沒有關係。    
5-3. 國中科學教育所學的東西是我現在理解科

學或科技新聞的基礎。 
   

5-4. 國中科學教育幫助我了解科學是什麼。    
5-5. 國中科學教育對我升高中很有幫助。    
5-6. 我在國中科學教育學了許多科學概念。    
5-7. 我在國中科學教育學了科學探究的方法。    
5-8. 當我在閱讀科學或科技類新聞時，我會回

想到國中科學教育所學的相關知識。 
   

5-9. 我會將國中科學教育所學的知識應用到日

常生活中。 
   

 
 
第六部分 個人資料  
 
6-1. 您是 
        女性 
        男性 
 
6-2. 您出生的年份是西元______年 
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1960及以前 1970 1980 
1961 1971 1981 
1962 1972 1982 
1963 1973 1983 
1964 1974 1984及以後 
1965 1975  
1966 1976  
1967 1977  
1968 1978  
1969 1979  

 
6-3. 您國中畢業後進入的學校是 

普通高中 
高職(請跳至 6-5.) 
五專(請跳至 6-5.) 
其他，請說明 

 
6-4. 高三時您念的是  

社會組 
自然組 
其他，請說明 

 
6-5. 您目前就讀的學校類型是 
        國立大學 
        國立科技大學 
        國立學院(技術，人文，醫藥，或管理等) 
        私立大學 
        私立科技大學 
        私立學院(技術，人文，醫藥，或管理等) 
        其他，請說明 
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6-6. 請問您的學士學位是屬於哪一種領域? 領域說明請按這裡  
        沒有學士學位 
        教育學類 
        藝術學類 
        人文學類 
        經社及心理學類 
        商業及管理學類 
        法律學類 
        自然科學類 
        數學及電算機科學類 
        醫藥衛生學類 
        工程學類 
        農林漁牧學類 
        大眾傳播學類 
        其他。請問您的系名是 
 
6-7. 您正在攻讀碩士學位嗎？  

是的 
不是(請跳至 6-9.) 

 
6-8. 您正在攻讀的碩士學位是屬於哪一種領域? 領域說明請按這裡教育學類 
        藝術學類 
        人文學類 
        經社及心理學類 
        商業及管理學類 
        法律學類 
        自然科學類 
        數學及電算機科學類 
        醫藥衛生學類 
        工程學類 
        農林漁牧學類 
        大眾傳播學類 
        其他。請問您的研究所名是 
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6-9. 您正在攻讀博士學位嗎？ 
是的 
不是(請跳至第七部分.) 

 
6-10. 您正在攻讀的博士學位是屬於哪一種領域? 領域說明請按這裡  
        教育學類 
        藝術學類 
        人文學類 
        經社及心理學類 
        商業及管理學類 
        法律學類 
        自然科學類 
        數學及電算機科學類 
        醫藥衛生學類 
        工程學類 
        農林漁牧學類 
        大眾傳播學類 
        其他。請問您的研究所名是   
 
 
第七部分  
 
7-1. 您願意接受研究人員進一步的訪談嗎? 

願意 
不願意(請跳至 7-3.) 

 
7-2. 如果您願意接受研究人員進一步的訪談，請將您的姓名，聯絡電話或 E-mail
地址填入下列空格。您的個人資料會被保密，在訪談前我們會提供更詳盡的資料

給您，也會再次確認您的意願。  
 

a. 您的大名是 
b. 您的聯絡電話是 
c. 您的 Email是 
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7-3. 歡迎您提供您對本問卷的建議與批評: 
 
 
 
 
 
 

 
 

[問卷完] 
謝謝您的協助，請按右側遞交鈕遞交，請勿重複遞交。 
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Appendix I Cover Letter of Web Survey: (A) English version; (B) Chinese 
version 

(A) English version  

Introduction to the Web Survey 

You are being invited to participate in a research study. Your participation is 
entirely voluntary. This letter provides you with a brief overview of the intent of 
the research and information about the study. The principal investigator of this 
study is Yu-mei Lee (yumei@mail.utexas.edu), who is a doctoral candidate in 
the University of Texas at Austin and is under the supervision of Professor 
Lowell J. Bethel.  Ms. Lee will be glad to answer questions you may have 
about the research. Please read the information below and ask questions about 
anything you don’t understand before completing the survey. Completing at 
least one survey implies your consent for the information you provide to be 
used as part of this research. You can skip any questions that make you feel 
uncomfortable or stop taking the survey at any point.  

 

What is the purpose of this study?   

The survey is a part of a research, which attempts to explore the status of as well 
as factors that are correlated with Taiwanese graduate students’ level of civic 
scientific literacy.  
 
The importance of civic science literacy is justified by many researchers in the 
aspects of effective citizenry and advancing democracy. Survey on civic scientific 
literacy has been conducted in the United States for more than thirty years and 
some European countries for more than ten years. So far, relevant study in 
Taiwan is scarce. It is hoped that this research can provide information in this 
area. 
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What will be done if you take part in this research study?  

There are five sections in this survey. It will take about 20 minutes to complete all 
five sections. Please read and answer each single question carefully, but you can 
skip any question that you feel uncomfortable with.  
 
By the end of the survey, you will be asked if you are willing to be further 
contacted by the principal investigator. If you are willing to be interviewed by 
the investigator, please leave your contact information (telephone number or 
email address). Detail information about the interview and consent form of the 
interview will be provided before the interview. 

 

What are the possible discomforts and risks?  

There are no known possible discomforts and risks associated with this research 
study at this time. If you have any questions or can think of any other risks you 
may experience, you may contact Yu-mei Lee at yumei@mail.utexas.edu . 
 
In addition, if you have questions about your rights as a research participant, 
you can also contact Clarke A. Burnham, Ph.D., Chair, The University of Texas 
at Austin Institutional Review Board for the Protection of Human Subjects, 
002-1-512-232-4383. 

 
How will your privacy and the confidentiality of your research records be 
protected? 
Your answers are completely anonymous. Answers of those who release their 
contact information are also confidential. The results will be released in 
aggregate form only, in which no individual’s name and answer can be 
identified. 
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(B) Chinese version 
 

網路問卷說明書 
 
我們誠摯地邀請您來參與一項研究。您的參與完全是自願的。這篇說明書將簡單

介紹本研究的目的以及其他相關的訊息。本研究的主要研究人員是美國德州大學

(奧斯汀)的博士候選人李玉梅 (yumei@mail.utexas.edu) 女士，指導教授為 Lowell 
J. Bethel博士。李女士非常樂意回答您任何關於本研究的問題。請閱讀以下的說
明，在您填答問卷前如有任何疑問，請以電子郵件聯絡 yumei@mail.utexas.edu 。 
 
您填答並送出問卷中的任何問題代表您同意本研究的研究人員可以使用您的意見

做為本研究資料的一部份。您可以跳過不答任何讓您覺得不舒服的問題，也可以

在做答的任何時候決定終止參加本研究。 
 
 
本研究的目的是什麼? 
本網路問卷調查為一項研究計劃中的一部份。該計劃的目的在探討台灣研究生的

公民科學素養(Civic Science Literacy)，以及相關的因素。 
 
許多學者認為公民科學素養的重要性在於它與公民素質以及民主發展息息相關。

公民科學素養的調查研究，在美國已經有超過 30年的歷史；在歐洲許多國家也有
十年以上的歷史。目前台灣在這方面的研究還很缺乏。本研究的結果希望能夠提

供台灣此一領域的資料。 
 
 
如果你參與這個研究，你將做些什麼? 
本問卷共分為七個部分。做完整份問卷約需 10至 15分鐘。請您仔細閱讀並回答
每一個問題，但您可以跳答任何讓您感覺不悅的問題。 
 
在問卷的最後，您會被詢問是否願意讓研究者和您進一步接觸。如果您願意接受

研究者的單獨訪談，請您留下聯絡資料(電話或電子郵件地址)。關於訪談的細節
以及訪談同意書，會在訪談前提供給您。 
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參與這個研究可能會帶給您不舒服及危險嗎? 
目前沒有任何可預期的不舒服或危險。如果您有任何顧慮或考量，請您聯絡

yumei@mail.utexas.edu 。 
 
另外，如果您有任何關於您做為一個研究受試者的權益問題，您也可以和 Clarke A. 
Burnham博士聯絡(電話 002-1-512-232-4383)；他是德州奧斯丁大學保護研究受試
者校級審查委員會主席。 
 
 
您的隱私權及有關您的資料機密將如何受到保護? 
您的作答完全是匿名的。即使您留下聯絡方式，您的作答也是保密的。問卷結果

只會以整體的結果發表，也就是說沒有一位受試者的姓名以及他的答案會單獨的

被認出來。 
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Appendix J Consent Form of Individual Interview: (A) English version; (B) 
Chinese version 
 

(A) English version 
 

Informed Consent to Participate in Interview 
 
You are being asked to participate in a research study. This form provides you 
with information about the study. The Principal Investigator (the person in 
charge of this research) or his/her representative will also describe this study to 
you and answer all of your questions. Please read the information below and ask 
questions about anything you don’t understand before deciding whether or not to 
take part. Your participation is entirely voluntary and you can refuse to 
participate without penalty or loss of benefits to which you are otherwise 
entitled.   
 
Title of Research Study: 
Taiwanese Graduate Students’ Perceptions In Terms of Reading an Article of 
General Scientific Topic. 
 
Principal Investigator(s), UT affiliation, and Telephone Number(s):   
 
Yu-mei Lee 
Science Education Center 
512-462-0598 
 
Funding source: 
N/A 
 
What is the purpose of this study?   
This study is being conducted for the principal investigator’s dissertation 
research for the completion of the Ph. D. degree. The purpose of this study is to 
investigate Taiwanese graduate students’ perceptions in terms of reading an article 
of general scientific topic. This study attempts to explore (1) the scientific 
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vocabulary, which are essential for consuming general scientific article, and (2) the 
factors that affect Taiwanese graduate students’ interests of reading scientific 
article, including science learning experience especially in junior high school level. 
About sixteen Taiwanese graduate students spanning from various academic 
disciplines are invited to participate in this study. You are one of them.  
 
What will be done if you take part in this research study? 
By participating in this study, you individual and the principal investigator will 
engage in a dialogue about your perceptions in terms of reading an article of 
general scientific topic. The dialogue is expected to last for about one hour. An 
article of general scientific topic will be handed to you during the dialogue, and 
you will be asked to express your opinions toward questions which are related to 
your perceptions on the particular article or on other general issues of consuming 
scientific/technological news. If you have no opinions on or you are not 
comfortable to go with any of the topics raised by the investigator, you can feel 
free to drop the topic. 
 
What are the possible discomforts and risks? 
There are no known possible discomforts and risks associated with this research 
study at this time. If you wish to discuss the information above or any other risks 
you may experience, you may ask questions now or call the Principal Investigator 
listed on the front page of this form. 
 
What are the possible benefits to you or to others? 
There are no potential benefits to be gained by you for participating in this study. 
However, this study might help you aware the level of your science literacy and 
how you process or consume the scientific news everyday. 
This study will provide practical information that address Taiwanese graduate 
students’ perceptions in terms of reading an article of general scientific topic, 
which is expected to inform the improvement of the formal as well as the 
informal science education in Taiwan. 
 
If you choose to take part in this study, will it cost you anything? 
There are no costs to you to take part in this study.  
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Will you receive compensation for your participation in this study? 
You will not receive compensation for your participation in this study. 
 
What if you are injured because of the study?   
There are no foreseen risks of injury related to this study. If you are injured, no 
payment can be provided in the event of a medical problem. 
 
If you do not want to take part in this study, what other options are 
available to you? 
Participation in this study is entirely voluntary. You are free to refuse to be in the 
study, and your refusal will not influence current or future relationships with The 
University of Texas at Austin. 
 
How can you withdraw from this research study and who should I call if I have 
questions? 
 
If you wish to stop your participation in this research study for any reason, you 
should contact: Yu-mei Lee at (512) 462-0598. You are free to withdraw your 
consent and stop participation in this research study at any time without penalty or 
loss of benefits for which you may be entitled. Throughout the study, the 
researchers will notify you of new information that may become available and that 
might affect your decision to remain in the study.  
 
In addition, if you have questions about your rights as a research participant, 
please contact Clarke A. Burnham, Ph.D., Chair, The University of Texas at Austin 
Institutional Review Board for the Protection of Human Subjects, 512/232-4383. 
 
How will your privacy and the confidentiality of your research records be 
protected? 
Authorized persons from The University of Texas at Austin and the Institutional 
Review Board have the legal right to review your research records and will protect 
the confidentiality of those records to the extent permitted by law. If the research 
project is sponsored then the sponsor also have the legal right to review your 
research records. Otherwise, your research records will not be released without 
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your consent unless required by law or a court order. 
 
If the results of this research are published or presented at scientific meetings, 
your identity will not be disclosed. 
The interview will be audio taped. The cassettes will be coded so that no 
personally identifying information is visible on them. The cassettes will also be 
kept in a locked file cabinet in the investigator’s office. They will be heard or 
viewed only for research purposes by the investigator and her associates. 
Pseudonyms will be used to protect your confidentiality. The cassettes will be 
destroyed upon completion and approval of the study.  
 
Will the researchers benefit from your participation in this study?  
The researcher will not benefit from your participation in this study beyond 
publishing or presenting the results. 
 
Signatures: 
As a representative of this study, I have explained the purpose, the procedures, 
the benefits, and the risks that are involved in this research study: 
 
_________________Yu-mei Lee __                                
Signature and printed name of person obtaining consent Date 
 
You have been informed about this study’s purpose, procedures, possible 
benefits and risks, and you have received a copy of this Form. You have been 
given the opportunity to ask questions before you sign, and you have been told 
that you can ask other questions at any time. You voluntarily agree to participate 
in this study.  By signing this form, you are not waiving any of your legal 
rights. 
_________________________________________________________________ 
Printed Name of Subject                Date 
_________________________________________________________________ 
Signature of Subject                 Date 
_________________________________________________________________ 
Signature of Principal Investigator               Date 
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(B) Chinese version 
 

訪談同意書 

 

您正被徵求同意參與一項研究。 這份文件提供您關於這個研究的資料。主要研究

者(負責從事本研究的人) 或其代表人會向您解說這個研究及回答您的所有問題。 

請閱讀以下資料，並在您決定是否參與本研究前，對於任何不了解的事情提出問

題。您是否參加完全是志願的。您可以拒絕參加而不會帶來任何懲罰或利益損失。   

 

研究題目 

台灣研究生閱讀科普類文章時的看法研究 
 
主要研究者（包括指導教授），德州大學所屬單位，及電話號碼：   
 
主要研究者 
Yu-mei Lee (李玉梅)                 科學教育中心     002-1-512-462-0598 
 
指導教授 
Lowell J. Bethel                          科學教育中心         
002-1-512-471-8466 
 
經費來源:  
不適用。 
 
這個研究的目的是什麼?   
本訪談是主要研究者博士論文研究的一部份，目的在探討台灣研究生閱讀科普類

文章時的看法。包括探討(1)閱讀科普類文章所需的基本科學詞彙，以及(2)可能影
響閱讀科普類文章興趣的因素，包括國中時學習科學的經驗。大約 8 位來自不同
學術領域的台灣研究生被邀請來參加這項訪談研究，而您正是其中的一位。 
 
如果你參加這個研究，你將做些什麼? 
您將和主要研究人員對談關於您閱讀科普類文章時的看法。對談的時間預計為一

小時。談話過程中，您將會被要求閱讀一篇科普類的文章。讀完後，研究者會問

您一些關於閱讀該篇文章的問題以及其他與該篇文章不相關的問題。您可以隨時
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停止回答那些沒有意見或是會讓您不舒服的問題。 
 
這個研究會帶來什麼可能的不舒服及危險嗎? 
目前沒有任何可預期的不舒服或危險。如果您有任何顧慮或考量，您可以和首頁

上列的主要研究者聯絡。 
 
這個研究會帶給你或其他人什麼好處? 
參與這項研究無法使您或得任何實質的利益。 但是本研究也許能幫助您了解自己
科學素養的程度，以及您日常如何接受科與處理學新知。 
本研究結果可能對改進台灣的形時與非形式科學教育提供建議。 
 
如果您決定參加，會讓你付出什麼代價嗎？ 
不會。 
  
如果您決定參加，會讓你得到什麼酬勞嗎？ 
不會。 
 
如果您會因為參加這個研究而受傷將如何?   
目前沒有任何可預期的傷害。如果您因為參加這個研究而受傷，您將不會得到任何

醫療的補助。 
 
如果您不想參加，您有其他的選擇嗎? 
您是否參加完全是志願的。您可以拒絕參加，而且這不會影響您在學校的任何課

程成績，也不會影響您現在及日後跟老師、校方、或德州奧斯丁大學的關係。   
 
您可以如何退出這個研究以及如果有問題應該打電話給誰? 
如果您因任何原因想停止參加這個研究，您該打電話 002-1-512-462-0598或 e-mail
跟我聯絡（yumei@mail.utexas.edu）。您可以隨時收回同意書及停止參加這個研究
（包括在面談中途退出）而不會帶來任何懲罰或利益損失。在整個研究過程中，我

會告訴您一些可能會影響您決定繼續參加這個研究的新資料。 
此外，如果您有關於研究受訪者權利的任何問題，請打電話 002-1-512-232-4383連
絡 Clarke A. Burnham博士；他是德州奧斯丁大學保護研究受試者校級審查委員會
主席。  
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您的隱私權及有關您的資料機密將如何受到保護? 
有關您的資料機密將極力受到保護。所有跟本研究以及跟您身份認別有關的資料，

絕對保持機密，沒有您的同意絕不外洩。德州奧斯丁大學以及保護研究受試者校

級審查委員會有獲授權的人士有合法權利審查有關您的研究記錄，而且他們將在法

律允許範圍內保護這些資料。 如果這個研究有獲得贊助，則贊助者有合法權利審
查有關您的研究記錄。 否則，有關您的研究記錄，除非法律或法院要求，沒有您
的同意，絕不會被外洩。 
這個研究的結果如果出版，或在學術會議上發表，您的身份認絕不會被外洩。 
 
主要研究者會因為您的參與而受益嗎? 
是的。您的參與這個研究會幫助我完成博士論文及學位。  
 
簽字: 
作為本研究的代表人，我已經說明了本研究的目的，過程，好處，以及可能牽涉到

的危險: 
___________________________________       ___     
同意書徵求者之姓名及簽字                              日期 
 
您已被告知本研究的目的，過程，好處，以及可能牽涉到的危險。而且您已有一份

同意書表格。您簽字前也已經有機會發問。 您也已經被告知可以隨時發問。您是完
全志願參加本研究。 您的簽字同意參加並沒有因此放棄您的任何法律權利。 
_________________________________________________________________ 
研究受試者姓名                       日期 
_________________________________________________________________ 
研究受試者簽字                       日期 
_________________________________________________________________ 
主要研究者簽字                            日期 
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Appendix K Frequencies of Responses for the Items in the Section of ISTN 

A_1A  In general, about how many days per week do you watch the news on
television

17 3.2 3.2 3.2
91 17.3 17.3 20.6
80 15.2 15.2 35.8
65 12.4 12.4 48.2

272 51.8 51.8 100.0
525 100.0 100.0

1  Hardly ever
2  1 to 2 days per week
3  3 to 4 days per week
4  5 to 6 days per week
5  Almost everyday
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

A_1B  In general, about how many days per week do you read the news in daily
papers

64 12.2 12.2 12.2
189 36.0 36.1 48.4
104 19.8 19.9 68.3
28 5.3 5.4 73.6

138 26.3 26.4 100.0
523 99.6 100.0

2 .4
525 100.0

1  Hardly ever
2  1 to 2 days per week
3  3 to 4 days per week
4  5 to 6 days per week
5  Almost everyday
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 

A_1C In general, about how many days per week do you listen to the news on the
radio

252 48.0 48.2 48.2
99 18.9 18.9 67.1
57 10.9 10.9 78.0
17 3.2 3.3 81.3
98 18.7 18.7 100.0

523 99.6 100.0
2 .4

525 100.0

1  Hardly ever
2  1 to 2 days per week
3  3 to 4 days per week
4  5 to 6 days per week
5  Almost everyday
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent
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A_1D In general, about how many days per week do you read the news on
Internet

51 9.7 9.8 9.8
102 19.4 19.5 29.3
84 16.0 16.1 45.3
51 9.7 9.8 55.1

235 44.8 44.9 100.0
523 99.6 100.0

2 .4
525 100.0

1  Hardly ever
2  1 to 2 days per week
3  3 to 4 days per week
4  5 to 6 days per week
5  Almost everyday
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 
 

A_2C  Generally speaking, to what extent are you interested in the news of new
inventions and technologies

3 .6 .6 .6

24 4.8 4.8 5.4

78 15.5 15.5 20.9
216 42.9 42.9 63.8
182 36.2 36.2 100.0
503 100.0 100.0

1  Not at all interested
2  Somewhat
uninterested
3  Neutral
4  Somewhat interested
5  Very interested
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

A_2D  Generally speaking, to what extent are you interested in the news of new
scientific discoveries

3 .6 .6 .6

26 5.2 5.2 5.8

95 18.9 18.9 24.7
223 44.3 44.3 69.0
156 31.0 31.0 100.0
503 100.0 100.0

1  Not at all interested
2  Somewhat
uninterested
3  Neutral
4  Somewhat interested
5  Very interested
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent
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A_4A  Do you ever read articles on science or technology in newspapers?

8 1.6 1.6 1.6
95 18.9 18.9 20.5

270 53.7 53.7 74.2
130 25.8 25.8 100.0
503 100.0 100.0

1  Never
2  Hardly ever
3  Occasionally
4  Often
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

A_4B  Do you ever watch TV programs on science or technology?

7 1.4 1.4 1.4
68 13.5 13.5 14.9

271 53.9 53.9 68.8
157 31.2 31.2 100.0
503 100.0 100.0

1  Never
2  Hardly ever
3  Occasionally
4  Often
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

A_4C  Do you ever read any scientific or technological magazines?

28 5.6 5.6 5.6
147 29.2 29.3 34.9
246 48.9 49.0 83.9
81 16.1 16.1 100.0

502 99.8 100.0
1 .2

503 100.0

1  Never
2  Hardly ever
3  Occasionally
4  Often
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent
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A_3A  Generally speaking, to what extent are you well or poorly informed
with the news of new inventions and technologies

170 33.8 33.9 33.9

303 60.2 60.4 94.2

29 5.8 5.8 100.0
502 99.8 100.0

1 .2
503 100.0

1  Very poorly informed
2  Moderately well
informed
3  Very well informed
Total

Valid

Missing
Total

Frequen
cy Percent

Valid
Percent

Cumulative
Percent

 

A_3B  Generally speaking, to what extent are you well or poorly informed
with the news of news of scientific discoveries

211 41.9 42.1 42.1

267 53.1 53.3 95.4

23 4.6 4.6 100.0
501 99.6 100.0

2 .4
503 100.0

1  Very poorly informed
2  Moderately well
informed
3  Very well informed
Total

Valid

Missing
Total

Frequency Percent
Valid

Percent
Cumulative

Percent
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Appendix L Frequencies of Responses for the Items in the Section of UBSC 
(* means default correct answer) 

B_1  The center of the earth is very hot.

488 93.0 93.0 93.0
22 4.2 4.2 97.1
15 2.9 2.9 100.0

525 100.0 100.0

1 True *
2  False
3  Don't know
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

B_2  The oxygen we breathe comes from plants.

463 88.2 88.4 88.4
56 10.7 10.7 99.0
5 1.0 1.0 100.0

524 99.8 100.0
1 .2

525 100.0

1  True *
2  False
3  Don't know
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 

B_3  Radioactive milk can be made safe by boiling it.

15 2.9 2.9 2.9
377 71.8 71.8 74.7
133 25.3 25.3 100.0
525 100.0 100.0

1  True
2  False *
3  Don't know
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

B_4  Electrons are smaller than atoms.

340 64.8 64.8 64.8
133 25.3 25.3 90.1
52 9.9 9.9 100.0

525 100.0 100.0

1  True *
2  False
3  Don't know
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent
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B_5  The continents on which we live have been moving their location for
millions of years and will continue to move in the future.

520 99.0 99.0 99.0
4 .8 .8 99.8
1 .2 .2 100.0

525 100.0 100.0

1  True *
2  False
3  Don't know
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

B_6  It is the father's gene which decides whether the baby is a boy or a
girl.

454 86.5 86.5 86.5
55 10.5 10.5 97.0
16 3.0 3.0 100.0

525 100.0 100.0

1  True *
2  False
3  Don't know
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

B_7  The earliest humans lived at the same time as the dinosaurs.

66 12.6 12.6 12.6
414 78.9 78.9 91.4
45 8.6 8.6 100.0

525 100.0 100.0

1  True
2  False *
3  Don't know
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

B_8  Antibiotics kill viruses as well as bacteria.

179 34.1 34.2 34.2
299 57.0 57.1 91.2
46 8.8 8.8 100.0

524 99.8 100.0
1 .2

525 100.0

1  True
 2 False *
3  Don't know
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent
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B_9  Lasers work by focusing sound waves.

50 9.5 9.5 9.5
354 67.4 67.4 77.0
121 23.0 23.0 100.0
525 100.0 100.0

1  True
2  False *
3  Don't know
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

B_10  All radioactivity is man-made.

19 3.6 3.6 3.6
473 90.1 90.1 93.7
33 6.3 6.3 100.0

525 100.0 100.0

1  True
2  False *
3  Don't know
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

B_11  Human beings, as we know them today, developed from earlier
species of animals.

443 84.4 84.7 84.7
36 6.9 6.9 91.6
44 8.4 8.4 100.0

523 99.6 100.0
2 .4

525 100.0

1  True *
2  False
3  Don't know
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 

B_12  Does the earth go around the sun or does the sun go around the earth?

498 94.9 94.9 94.9

11 2.1 2.1 97.0

13 2.5 2.5 99.4
3 .6 .6 100.0

525 100.0 100.0

1  The earth goes
around the sun *
2  The sun goes
around the earth
3  None of the above
4  Don't know
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent
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Sum of score of UBSC

1 .2 .2 .2
1 .2 .2 .4
1 .2 .2 .6
4 .8 .8 1.3

15 2.9 2.9 4.2
43 8.2 8.2 12.4
56 10.7 10.7 23.0
81 15.4 15.4 38.5

112 21.3 21.3 59.8
124 23.6 23.6 83.4
87 16.6 16.6 100.0

525 100.0 100.0

0
3
4
5
6
7
8
9
10
11
12
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent
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Appendix M Frequencies of Responses for the Items in the Section of USIP 
(* means default correct answer) 

C_1  Please imagine the following situation: Two scientists want to know if a certain
drug is effective against high blood pressure.

32 6.1 6.1 6.1

480 91.4 91.6 97.7

12 2.3 2.3 100.0
524 99.8 100.0

1 .2
525 100.0

1  The first scientist
wants to give the drug to
1000 people with high
blood pressure and see
how many of them
experience lower blood
pressure levels.
2* The second scientists
want to give this drug to
500 people with high
blood pressure, and not
give this drug to another
500 people with high
blood pressure, and see
how many in both groups
experience lower blood
pressure levels.
3  Don't know
Total

Valid

0Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent
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C_2  Suppose a machine is breaking down repeatedly. It is suspected that the
material from which a particular part is made is responsible for the breakdowns.

The following represents three different ways of investigating this problem. Which
one do you think sc

40 7.6 7.6 7.6

15 2.9 2.9 10.5

466 88.8 88.9 99.4

3 .6 .6 100.0
524 99.8 100.0

1 .2
525 100.0

1  Talk to the machine
operators and get their
opinion.
2  Use their own
scientific knowledge to
decide how good the
material is.
3*  Make the same
part from different
materials, put them in
the machine, one after
the other, and then
compare what
happens in each case.
4  Don't know
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 

C_3  Suppose doctors tell a couple that their genetic make-up means that
they've got a one in four chance of having a child with an inherited illness.

Which of the following description best fits the situation.

1 .2 .2 .2

2 .4 .4 .6

513 97.7 97.7 98.3

5 1.0 1.0 99.2

4 .8 .8 100.0
525 100.0 100.0

1  If they have only
three children, none
will have the illn
2  If their first child
has the illness, the
next three will
3*  Each of the
couples' children has
the same risk of suffer
4  If their first three
children are healthy,
the fourth wil
5  Don't know
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 
 



 211

C_4  When scientists talk about Einstein's theory of relativity, are scientists
talking about

85 16.2 16.2 16.2

258 49.1 49.1 65.3

162 30.9 30.9 96.2
20 3.8 3.8 100.0

525 100.0 100.0

1  A hunch or idea
2  A well established
explanation
3  A proven fact
4  Don't know
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

C_5  When scientists talk about Darwin's theory of evolution, are scientists
talking about

79 15.0 15.1 15.1

239 45.5 45.7 60.8

194 37.0 37.1 97.9
11 2.1 2.1 100.0

523 99.6 100.0
2 .4

525 100.0

1  A hunch or idea
2  A well established
explanation
3  A proven fact
4  Don't know
Total

Valid

0Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 
 

Sum of score of USIP

1 .2 .2 .2
6 1.1 1.1 1.3

22 4.2 4.2 5.5
165 31.4 31.4 37.0
244 46.5 46.5 83.4
87 16.6 16.6 100.0

525 100.0 100.0

0
1
2
3
4
5
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent
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Appendix N Frequencies of Responses for the Items in the Section of AIST 

D_1  Science and technology are making our lives healthier, easier, and more
comfortable.

6 1.1 1.1 1.1
12 2.3 2.3 3.4
22 4.2 4.2 7.6
76 14.5 14.5 22.1

128 24.4 24.4 46.6
158 30.1 30.2 76.7
122 23.2 23.3 100.0
524 99.8 100.0

1 .2
525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 

D_2  Scientists should be allowed to do research that causes pain and injury to
animals like dogs and chimpanzees if it produces new information about human

health problems.

91 17.3 17.4 17.4
91 17.3 17.4 34.7
72 13.7 13.7 48.5

116 22.1 22.1 70.6
85 16.2 16.2 86.8
38 7.2 7.3 94.1
31 5.9 5.9 100.0

524 99.8 100.0
1 .2

525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent
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D_3  It is not important for me to know about science in my daily life.

319 60.8 60.8 60.8
118 22.5 22.5 83.2
50 9.5 9.5 92.8
17 3.2 3.2 96.0
9 1.7 1.7 97.7
7 1.3 1.3 99.0
5 1.0 1.0 100.0

525 100.0 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

D_4  Science makes our way of life change too fast.

7 1.3 1.3 1.3
14 2.7 2.7 4.0
18 3.4 3.4 7.5
48 9.1 9.2 16.6
97 18.5 18.5 35.2

151 28.8 28.9 64.1
188 35.8 35.9 100.0
523 99.6 100.0

2 .4
525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 

D_5  Technological discoveries will eventually destroy the Earth.

53 10.1 10.1 10.1
63 12.0 12.0 22.1
56 10.7 10.7 32.8

131 25.0 25.0 57.8
81 15.4 15.5 73.3
71 13.5 13.5 86.8
69 13.1 13.2 100.0

524 99.8 100.0
1 .2

525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent
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D_6  With the application of science and new technology, work will become
more interesting.

13 2.5 2.5 2.5
17 3.2 3.2 5.7
38 7.2 7.3 13.0
79 15.0 15.1 28.1

109 20.8 20.8 48.9
167 31.8 31.9 80.7
101 19.2 19.3 100.0
524 99.8 100.0

1 .2
525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 

D_7  Because of science and technology, there will be more opportunities for
the next generation.

27 5.1 5.2 5.2
39 7.4 7.5 12.6
72 13.7 13.8 26.4

136 25.9 26.0 52.4
86 16.4 16.4 68.8
96 18.3 18.4 87.2
67 12.8 12.8 100.0

523 99.6 100.0
2 .4

525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent
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D_8  Technological development creates an artificial and inhuman way of living.

46 8.8 8.8 8.8
77 14.7 14.8 23.6
95 18.1 18.2 41.8

109 20.8 20.9 62.6
87 16.6 16.7 79.3
64 12.2 12.3 91.6
44 8.4 8.4 100.0

522 99.4 100.0
3 .6

525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 

D_9  Scientists should be allowed to do research that causes pain and injury to
animals like mice if it produces new information about human health problems.

71 13.5 13.5 13.5
89 17.0 17.0 30.5
70 13.3 13.4 43.9

105 20.0 20.0 63.9
91 17.3 17.4 81.3
56 10.7 10.7 92.0
42 8.0 8.0 100.0

524 99.8 100.0
1 .2

525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent
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D_10  New inventions will always be found to counteract any harmful
consequences of technological development.

60 11.4 11.5 11.5
94 17.9 18.0 29.4
79 15.0 15.1 44.6
88 16.8 16.8 61.4

103 19.6 19.7 81.1
64 12.2 12.2 93.3
35 6.7 6.7 100.0

523 99.6 100.0
2 .4

525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 

D_11  People would do better by living a simpler life without so much
technology.

32 6.1 6.1 6.1
64 12.2 12.2 18.3
87 16.6 16.6 34.9

154 29.3 29.3 64.2
77 14.7 14.7 78.9
75 14.3 14.3 93.1
36 6.9 6.9 100.0

525 100.0 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent
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D_12  There are some good ways of treating sickness that medical science does
not recognize.

4 .8 .8 .8
8 1.5 1.5 2.3

21 4.0 4.0 6.3
82 15.6 15.6 21.9

142 27.0 27.1 49.0
168 32.0 32.1 81.1
99 18.9 18.9 100.0

524 99.8 100.0
1 .2

525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 

D_13  Thanks to scientific and technological advances, the Earth's natural
resources will be in exhaustible.

190 36.2 36.2 36.2
132 25.1 25.1 61.3
88 16.8 16.8 78.1
62 11.8 11.8 89.9
21 4.0 4.0 93.9
20 3.8 3.8 97.7
12 2.3 2.3 100.0

525 100.0 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

D_14  Scientific and technological research cannot play an important role in
protecting the environment and repairing it.

52 9.9 9.9 9.9
87 16.6 16.6 26.5

104 19.8 19.8 46.3
83 15.8 15.8 62.1
70 13.3 13.3 75.4
81 15.4 15.4 90.9
48 9.1 9.1 100.0

525 100.0 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent
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Appendix O Frequencies of Responses for the Items in the Section of PJSE 

E_1  Science education in junior high school enlightened my interest in
science.

46 8.8 8.8 8.8
79 15.0 15.0 23.8
76 14.5 14.5 38.3

115 21.9 21.9 60.2
100 19.0 19.0 79.2
71 13.5 13.5 92.8
38 7.2 7.2 100.0

525 100.0 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

E_2  Science education in junior high school is not relevant to my daily life.

120 22.9 22.9 22.9
142 27.0 27.1 50.0
132 25.1 25.2 75.2
62 11.8 11.8 87.0
30 5.7 5.7 92.7
30 5.7 5.7 98.5
8 1.5 1.5 100.0

524 99.8 100.0
1 .2

525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent

 

E_3  Science education in junior high school serves as my knowledge
foundation to comprehend scientific and technological related news.

14 2.7 2.7 2.7
34 6.5 6.5 9.2
51 9.7 9.7 18.9
86 16.4 16.4 35.3

137 26.1 26.1 61.5
125 23.8 23.9 85.3
77 14.7 14.7 100.0

524 99.8 100.0
1 .2

525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent
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E_4  Science education in junior high school helped me understand what
science is.

15 2.9 2.9 2.9
44 8.4 8.4 11.2
65 12.4 12.4 23.6

123 23.4 23.4 47.0
140 26.7 26.7 73.7
94 17.9 17.9 91.6
44 8.4 8.4 100.0

525 100.0 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

E_5  Science education in junior high was only useful to me in the higher
school-entrance exam.

29 5.5 5.5 5.5
39 7.4 7.4 13.0
53 10.1 10.1 23.0

119 22.7 22.7 45.7
114 21.7 21.7 67.4
107 20.4 20.4 87.8
64 12.2 12.2 100.0

525 100.0 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

E_6  I learned many scientific concepts in junior high school science education.

21 4.0 4.0 4.0
41 7.8 7.8 11.8
56 10.7 10.7 22.5

111 21.1 21.2 43.7
150 28.6 28.6 72.3
103 19.6 19.7 92.0
42 8.0 8.0 100.0

524 99.8 100.0
1 .2

525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent
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E_7  I learned scientific inquiry methods in junior high school science
education.

50 9.5 9.5 9.5
98 18.7 18.7 28.2

107 20.4 20.4 48.6
115 21.9 21.9 70.5
87 16.6 16.6 87.0
53 10.1 10.1 97.1
15 2.9 2.9 100.0

525 100.0 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

E_8  When I am watching scientific or technological related news, I referred
back to relevant concepts which were learned junior high school science

education.

62 11.8 11.8 11.8
76 14.5 14.5 26.3
79 15.0 15.0 41.3

108 20.6 20.6 61.9
99 18.9 18.9 80.8
65 12.4 12.4 93.1
36 6.9 6.9 100.0

525 100.0 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid
Frequency Percent Valid Percent

Cumulative
Percent

 

E_9  I apply the knowledge learned in junior high school science education in
my dailylife.

29 5.5 5.5 5.5
65 12.4 12.4 17.9
78 14.9 14.9 32.8

128 24.4 24.4 57.3
129 24.6 24.6 81.9
68 13.0 13.0 94.8
27 5.1 5.2 100.0

524 99.8 100.0
1 .2

525 100.0

1  strongly disagree
2
3
4
5
6
7  strongly agree
Total

Valid

Missing
Total

Frequency Percent Valid Percent
Cumulative

Percent
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Appendix P Definitions of selected scientific terms suggested in 
professional dictionaries 
 
Air Pollution 
The release into the atmosphere of substances that cause a variety of harmful 
effects to the natural environment. Most air pollutants are gases that are 
released into the troposphere, which extends about 8 km above the surface of 
the earth. The burning of fossil fuels, for example in power stations, is a major 
source of air pollution as this process produces such gases as sulphur dioxide 
and carbon dioxide. Released into the atmosphere, both these gases are thought 
to contribute to the greenhouse effect. Sulphur dioxide and nitrogen oxides, 
released in car exhaust fumes, are air pollutants that are responsible for the 
formation of acid rain; nitrogen oxides also contribute to the formation of 
photochemical smog. See also ozone layer; pollution  
 
("air pollution" A Dictionary of Chemistry. Oxford University Press, 2000. 
Oxford Reference Online. Oxford University Press. 18 October 2003 
<http://www.oxfordreference.com/views/ENTRY.html?subview=Main&entry=t
81.000131>). 
 
Catalyst 
A substance that increases the rate of a chemical reaction without itself 
undergoing any permanent chemical change. Catalysts that have the same phase 
as the reactants are homogeneous catalysts (e.g. enzymes in biochemical 
reactions or transition-metal complexes used in the liquid phase for catalysing 
organic reactions). Those that have a different phase are hetereogeneous 
catalysts (e.g. metals or oxides used in many industrial gas reactions). The 
catalyst provides an alternative pathway by which the reaction can proceed, in 
which the activation energy is lower. It thus increases the rate at which the 
reaction comes to equilibrium, although it does not alter the position of the 
equilibrium. The catalyst itself takes part in the reaction and consequently may 
undergo physical change (e.g. conversion into powder). In certain 
circumstances, very small quantities of catalyst can speed up reactions. Most 
catalysts are also highly specific in the type of reaction they catalyse, 
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particularly enzymes in biochemical reactions. Generally, the term is used for a 
substance that increases reaction rate (a positive catalyst). Some reactions can 
be slowed down by negative catalysts (see inhibition). 

("catalyst" A Dictionary of Chemistry. Oxford University Press, 2000. Oxford 
Reference Online. Oxford University Press. 18 October 2003 
http://www.oxfordreference.com/views/ENTRY.html?subview=Main&entry=t8
1.000794) 

 
Ultraviolet radiation 
Electromagnetic radiation having wavelengths between that of violet light and 
long X-rays, i.e. between 400 nanometres and 4 nm. In the range 400–300 nm 
the radiation is known as the near ultraviolet. In the range 300–200 nm it is 
known as the far ultraviolet. Below 200 nm it is known as the extreme 
ultraviolet or the vacuum ultraviolet, as absorption by the oxygen in the air 
makes the use of evacuated apparatus essential. The sun is a strong emitter of 
UV radiation but only the near UV reaches the surface of the earth as the ozone 
layer of the atmosphere absorbs all wavelengths below 290 nm. Ultraviolet 
radiation is classified in three ranges according to its effect on the skin. The 
ranges are:  
UV-A (320–400 nm);  
UV-B (290–320 nm);  
UV-C (230–290 nm).  
The longest-wavelength range, UV-A, is not harmful in normal doses and is 
used clinically in the treatment of certain skin complaints, such as psoriasis. It 
is also used to induce vitamin D formation in patients that are allergic to 
vitamin D preparations. UV-B causes reddening of the skin followed by 
pigmentation (tanning). Excessive exposure can cause severe blistering. UV-C, 
with the shortest wavelengths, is particularly damaging. It has been claimed that 
short-wavelength ultraviolet radiation causes skin cancer and that the risk of 
contracting this has been increased by the depletion of the ozone layer. 
Most UV radiation for practical use is produced by various types of 
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mercury-vapour lamps. Ordinary glass absorbs UV radiation and therefore 
lenses and prisms for use in the UV are made from quartz. 

("ultraviolet radiation" A Dictionary of Physics. Ed. Alan Isaacs. Oxford 
University Press, 2000. Oxford Reference Online. Oxford University Press. 18 
October 2003 
http://www.oxfordreference.com/views/ENTRY.html?subview=Main&entry=t8
3.003176). 

 
Free Radical 
An atom or group of atoms with an unpaired valence electron. Free radicals can 
be produced by photolysis or pyrolysis in which a bond is broken without 
forming ions (see homolytic fission). Because of their unpaired valence electron, 
most free radicals are extremely reactive. See also chain reaction. 

("free radical" A Dictionary of Chemistry. Oxford University Press, 2000. 
Oxford Reference Online. Oxford University Press. 18 October 2003 
http://www.oxfordreference.com/views/ENTRY.html?subview=Main&entry=t8
1.001791). 

 
Acid Rain 
Precipitation having a pH value of less than about 5.0, which has adverse 
effects on the fauna and flora on which it falls. Rainwater typically has a pH 
value of 5.6, due to the presence of dissolved carbon dioxide (forming carbonic 
acid). Acid rain results from the emission into the atmosphere of various 
pollutant gases, in particular sulphur dioxide and various oxides of nitrogen, 
which originate from the burning of fossil fuels and from car exhaust fumes, 
respectively. These gases dissolve in atmospheric water to form sulphuric and 
nitric acids in rain, snow, or hail (wet deposition). Alternatively, the pollutants 
are deposited as gases or minute particles (dry deposition). Both types of acid 
deposition affect plant growth – by damaging the leaves and impairing 
photosynthesis and by increasing the acidity of the soil, which results in the 
leaching of essential nutrients. This acid pollution of the soil also leads to 



 224

acidification of water draining from the soil into lakes and rivers, which 
become unable to support fish life. Lichens are particularly sensitive to changes 
in pH and can be used as indicators of acid pollution. 

("acid rain" A Dictionary of Chemistry. Oxford University Press, 2000. Oxford 
Reference Online. Oxford University Press.18 October 2003 
http://www.oxfordreference.com/views/ENTRY.html?subview=Main&entry=t8
1.000057) 
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