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CHAPTER 1
INTRODUCTION

Background of the Problem

During the 1980s, the United Nations Educational, Scientific and Cultural Organization
(UNESCO) along with several countries established “new” science goals for schools under the
slogan “Science for All" (UNESCO. 1983). Despite a commitment by organizations and
countries to achieve these laudable goals, they have not been realized to date. The problem of
school science achievement has now become a worldwide concern under the new slogan of
“Scientific Literacy.” It has become an important project for countries, such as the United
States of America, as exemplified by the “Project 2061.”

The 2061 project began in 1985, when Halley's Comet was passing near the Earth —
this will not happen again until 2061. This project initiated by the American Association for the
Advancement of Science (AAAS) will prepare future generation of students in the
areas of science, mathematics and technology before the return of Halley's Comet in 2061. In
addition, it began a serious discussion of what constituted “good” science in elementary, middle
and secondary school curricula (Swami. 1999 ; 4). A consensus document emerged out of
these discussions. And finally, in 1989, AAAS published, “Science for All Americans” (SFAS.
1989 : xvi), which made a strong case that “scientific literacy” is a reachable goal for alt
students. The statement is, “The world has changed in such a way that science literacy has
become necessary for everyone, not just a privileged few; science education will have to
change to make that possible.”

QOver the last several decades, the influence of science and technology on the public
and private sectors has increased sharply, and will continue to do so in the 21st century.
Citizens in this century will need to be significantly better informed about scientific and
technological concepts than they are today, because science and technology will be important
in their daily life. Preparing for the future, all citizens must attain some level of scientific literacy,

because they wiill need to base their personal and collective decisions on science and



technology in the future. A study by the National Science Foundation (NSF) survey (Miller.
1983 : 41) found that only 7 %, from a sample of 1,635 adults, are literate in science. This
study also found that the percentage of people who have a higher degree in education are
more scientifically literate (graduate degree 26%, Baccalaureate degree 22%, some college 14
% and high school degree 2%). Miller, who studied scientific literacy for more than 25 years,
also concluded that only 10 % of American adults were qualified as scientifically literate during
the 1980's and early 1990’s. He also stated that the results increased to 17 percent in 1999,
and by the end of 20th century, about 34 million Americans were literate in science. (Miller.
2002 : 4). The surveys in most Western countries showed 5% - 15% of adults were literate in
science.

In other findings of scientific literacy, Recer (2002 : 1) concluded that few Americans
understand the scientific process and many believe in mysterious psychic powers. Seventy
percent of American adults do not understand the scientific process. Medical doctors and
scientists were found to be the most literate in science, but it was also found that, in the
public’'s minds, "belief in pseudoscience is relatively widespread and growing.” In addition, a
survey of 1,574 adults found that 60 percent agreed or strongly agreed that some people
possess psychic powers or extrasensory perception, a premise most scientists have generally
discarded as unproven.

it is not only the United States of America that has projects promoting scientific literacy;
England, Wales's, Canada and Australia also mandate science for all students. Hackling,
Goodrun and Renie (2001 : 14) stated that the Australian States and Territories generally
provide a well-structured science curriculum focusing on scientific literacy and continuous
development of all students towards achieving national science mandates.

In Thailand education is based on the principle that all learners are able to learn and
participate in self-development (Office of the National Education Commission, ONEC, 2001 :
10). As this goal of science education has been adopted by all schools and put into practice, it
has raised questions about the complexity of the curriculum; for example “What should be
taught?” “In what way?” and “How do we know whether or not pupils learn science?” Scientific
literacy is essential for the pupils. This study is interested in scientific literacy insofar as it

relates to the essential dimensions and the level of scientific literacy in Thailand. The question



this research will focus on are: What are the dimensions of scientific literacy for Thai students,
and what is the current level of their understanding of these dimensions.

Scientific literacy is a combination of scientific knowledge, science process skills and
the ability to use science and technology in daily life. The newer science standards in Thailand
prepare students to become lifelong learners and to maintain a sense of wonder about the
world around them. The aims of teaching and learning of science in Thailand, according to the

Institute for the Promotion of Teaching Science and Technology (IPST) (2002 : 4), are

1. To understand the principles and theories basic of science.

2 To understand scope, limitation and the nature of science.

3. To provide skills for discovery and creation in science and technology.

4 To devetop the thinking process, imagination, ability to solve problems, data
management, communication skills and ability to make decisions.

5. To be aware of relationships between science, technology for the benefit of
society and daily life.

6. To utilize knowledge and an understanding of science and technology for the
benefit of society and daily life.

7. To bestow the scientific mind, moral and ethical sense of responsibility and proper

values, so science and technology will be used constructively.

These include scientific content, science process skills and the nature of science to
promote scientific literacy that all Thai students should know in school. It is interesting to know
how much the new science standards improve scientific literacy of students.

The following sections focus on educational reforms in Thailand as they relate to
science education. It is critical to focus on the design and implementation of curricuia and
programs to serve the needs of young people who will be citizens of an increasingly scientific

and technological world, irrespective of their desire to become scientists.

Science Education in Thailand
According to Thailand's Department of Curriculum and Instruction Development (DCID)

research reports science-learning skills of both primary and secondary students in Thailand are



rather low. These tests are standards referenced. At primary level (grade six), the average
science score was 50%, with a rather high variability (over 5.5 standard deviation). Most
students scored “fairly good” and “good” respectively. At the lower secondary level (grade
nine), the average score was 45.3 %. With regards to the application of scientific knowledge to
daily living, there were no specific examples, but daily living could mean heaith, diet, exercise
and environment. The assessment found that 37.2% of Qm grade students applied their
science knowledge “regularly”, 54.9% of them applied the knowledge “occasionally”, while 7.9
% never did. Among eighty-four knowledge topics of in-school science, only 25 topics were
used regularly while some had never been used at all (Pisarn Soydhurum. 2001 : 42 - 43),

In the Third International Mathematics and Science Study (TIMSS), Thai secondary
school students had an average score of 493 and 525 for grade seven and eight respectively.
However, when compared with the countries in Asia, such as Singapore, grade seven
Singaporean students scored 545 while all-country average score was 479. Grade eight
Singaporeans scored 607 (highest score) while all-country average score was 516 (TIMSS.
1995: 32 - 39). However, many scholars have reported problems with the TIMSS. In 1998, Iris
C. Rothberg mentioned about the TIMSS study that "Test score rankings provide little
information about education quality” (p. 1). She also pointed out a lot of problems in TIMSS
study, such as sampling, eligible population, age and grade, type of school and poverty, and
cumulative effects. She concluded that “Thirty years of experience with international test score
comparisons have shown that their flaws consistently lead te misleading findings that have littte
policy relevance™(p, 4). Hackling, et al. (2001 : 10) had criticized the “traditional low, cognitive
level [of] norm-reference measures of achievement” that are used in the TIMSS tests. These
Australian science educators argue that to accurately measure student achievement, ‘it is
necessary to collect standards-reference data [that one} linked to science learning outcome.”
Despite these criticisms, TIMSS indicated that Thai students need to improve scientific
knowledge and scientific skills.

Classroom teaching methods have also contributed to low science scores in Thailand.
Sunee Klainin (2002: 103), summarized results of the TIMSS (Third International Mathematics
and Science Study) about assessment tools and proposes that they do not pay attention to
newer teaching-learning innovations in science education. Sunee Kiainin argues that the

countries that use newer processes of science- teaching (such as problem-solving and inquiry-



based approaches) will not be successful in the TIMSS assessments. Chinnapat Bhumirat
(2001 : 2 ) and Pisarn Soydhurum (2001 : 15) argued that the classroom assessment in
Thailand usually paid attention to how much contents students could memorize, while the
science process skill and scientific attitude, which were the most importance in science

education, were not measured. For instance, Chinnapat Bhumirat (2001 : 2) wrote that

“old fashioned pedagogical methods are prevalent at all levels of format education services. These
methods are mainly based on the lecture approach which requires teachers to give explanation or
demonstration while students usually focus on textbook-reading, note-taking and memorizing what

have been explained to them.”

However, in her study, Sunee Klainin (2002 : 133) reported that science teachers in
Thailand not only teach the whole class, but divide students into groups when conducting their
science activities. The characteristics of the students, such as, enthusiasm, ability in designing
and planning to find out knowledge and answer, doing high scores in science, and more
reading in and out classroom subjects are the target of their teachers. Sunee Klainin discussed
that science teachers in Thailand have two main goals of their teaching. The first is to focus on
teaching strategies that make students apply the science process skill to real life experiences,
while their second aim is to prepare students to pass the entrance examination. This is vital for
Thai students who hope to continue with their studies and fulfill the hope of their parents and
the needs of society.

Many teachers in Thailand have not completed their degrees in science or science
teaching. Chinnapat Bhumirat (2001 : 7) and Pisarn Soydhurum (2001 : 14) found that most
elementary school teachers in grade one to six had not majored in science or science teaching.
Similarly, approximately 25 % of science teachers in early secondary school, grade seven to
nine, did not have degrees in science or science teaching.

The TIMSS-R reports indicate that Thailand's science education scores are not high
compared to other countries in Asia, as in Singapore, South Korea and Japan. The problems of
science teaching and science assessments mentioned above are vital in education. Thailand

will need science curricular reform efforts that consider science standards, the process of



science teaching, assessment and science professional deveiopment to increase science
knowledge and improve strategies used in science teaching and assessment.

The Thailand Ministry of Education will implement a new science curricuium. This
curriculum will be based on standards developed by the institute for the Promotion of Teaching
Science and Technology (IPST). In developing the national science standards, IPST staff
worked with science teachers, science professors and professors of science education to
prepare the national science standard draft and presented it at public hearings through out the
country.

Although IPST has traditionally developed science curriculum for the promotion of
science teaching, there are several projects that focus on important parts of science and
mathematics education. For example, IPST had developed the Thai Science and Mathematics
Olympiad special programs for talented students, such as The Development and Promotion of
Science and Technology Talents Project (DPST), and Thailand's first school of sciences
(Pisarn Soydhurum, 2001 : 52 - 57).

The emphasis of most of these projects is on the education for future scientists,
mathematicians and engineers. While there are many students in Thailand who do not study
science at University (Chinnapat Bhumirat. 2001 : 5) and do not plan to have careers in
science or technology, these individuals will still have to communicate and apply knowledge of
science and technology in everyday life.

In summary, Thai students have lower science scores than some countries in Asia.
Some of the reasons for this are: science teaching strategies in the school and the scientific

knowledge of science teachers who do not have degrees in science or science education.

Purpose of the Study

The purpose of this study is to explore the perceptions of scientific literacy that Thai
students should know, and at what level that they are known by various groups of people of
influence in science, such as science professors, science education professors, science
teachers, engineers, businessmen and industrialists, and government officials.

First, this study is to explore dimensions of science literacy, which Thai citizens should

know.



Second, the study is to examine the levels of scientific literacy that Thai students

know before they finish their compulsory education at grade nine,

Statement of the Problem

In Thailand, the government has addressed the education reform through the Nation
Education Act B.E. 2544 (Basic Education Curriculum B.E. 2544 : 2). This reform states that all
Thai people have an equal right to receive a basic education of good quality, of not less than

twelve years:

...The National Education Act stipulates the formulation of a basic curriculum to foster Thai-ness,

good citizenship, competency in life skills, careers, and opportunities to further education. Basic
education institutions shall be assigned the responsibility to form their own basic education curricular
to reflect local and community problems, and local wisdom, to establish a desirable quality of good
members of family, community, society and the country. The National Education Act stipulates 9 years

for compulsory education.

Science Education has a standard that emphasizes “skill and learning process in mathematics,
science, thinking skills, generating intelligence and quality life skill” (Basic Education Curriculum
B.E. 2544 : 6).

Education reform efforts in Thailand started in 2003. However, in 2002, some schools
(pilot schools and participation schools) piloted the new education standards. For those
students in grade nine in 2004, these new standards will be compulsory education. It is vital to
determine whether Thai students using this new science standards are literate in science or not.
Because, after they complete grade nine, they will have an opportunity to study science in
grade ten to twelve. Therefore, grade nine is vital for the preparation of literate citizens in
science, because some of them who study social sciences or humanities will have less
opportunity to study science in higher education (Chinnapat Bhumirat. 2001 : 5) and some of

them will go to work.

importance of Science Education in Thailand
It is crucial for educators in Thailand to assess students in scientific literacy, because

there are risks associated with science, and the public needs the knowledge and skills to make



intelligent judgments about those risks {(DeBoer. 2000 : 585). Wellinton (2000 : 12) argues that
the citizens in a democracy cannot make vital decisions without an understanding of science.
For instance, if students do not understand environmental issues, such as water pollution, air
pollution and soil pollution, they will not be interested in what happens to them and will not
make proper decisions concerning their environment. A good scientific background helps
people to be reasonable and critical. Without scientific literacy, citizens may not comprehend
the potential impact of science and technology on their lives. On the other hand, many make
decisions that are based on science. Deboer (2000 : 537 - 590) also stated that it was hoped
that citizens would be supportive of science. Scientific literacy is vital for ali people:

Science educator in Australia believes that it is important that “when students leave
schools they should have the capacity and skill, for analysis and problem solving and the ability
to communicate ideas and information, to plan and organize activities and to collaborate with

other” (MCEETYA, 1899 : 2). Hackling, Goodrum and Rennie (2001 : 7) also stated that

“scientific literacy is a high priority for all citizens, helping them: to be interested in and understand
the world around them, to engage in the discourses of and about science, to be able to identify
questions, investigate and draw evidence based conclusions, and to make informed decisions about

the environment and their own health and well-being.”

The goal of science in the compulsory years of schooling is to develop scientific literacy
for all students. Murphy et al. (2001 : 197) concluded that compulsory science curriculum in
the school may be effective in raising the general level of scientific literacy. Laugksch (2000 : 4
- 87) concludes that scientific literacy is vital, as it contributes to the economy and social well-
being of the nation and improves decision making at public and personal levels. If Thai
students have high scientific literacy, such that they can study and appreciate science useful in
their daily lives, it means they will be high quality citizens. However, Wellington (2000 : 12)
said that “the amount of science we need to know on each issue may not need to be great.”
For instance, with regards to GM foods, people should know what they are, how there are
created and what advantages and disadvantages they have. However, the details of their DNA
and genetics are not essential to lay people. Wellington also argues that scientific knowledge
is a necessary, but not in itself sufficient, for citizens to make decisions. The value of scientific

knowledge is important in helping people make decisions.



Significance of the Research

Science education reform in Thailand through the Basic Education Curriculum
B.E.2544 (A.D.2001) gives the opportunity for schools to develop their own science curricula.
However, they still need to follow the National Science Education Standards. [t is vital to know
whether this standard will promote scientific literacy, what scientific content Thai students
should know and how much they will know after finishing their compulsory education in the ch
grade. All Thai students will have an opportunity to develop scientific literacy, to become
lifelong learners and to maintain a sense of wonder about the world around them.

The results of this study can be beneficial for science educators and teachers to develop

science curriculum and science activities in teaching and leaming science in the future.

Significance of Scientific Literacy

The Thai Ministry of Education includes reform in science education in the new 1999
Act. There are many reasons why scientific literacy is important, as pointed by Laugksch. In
his paper ‘Scientific Literacy: A Conceptual Overview,' there are two important reasons to
promote scientific literacy, the macro view and the micro view (2000 : 84). n the macro view,
education should promote scientific literacy because it is the essential point in the relation
between science education and economic factors. He wrote: “the first common reason for
advocating scientific literacy has to do with the connection between scientific literacy and the
economic well-being of a nation.” He argued that the country which is successful in
international markets will be domestically wealthy. Today international competition is high, and
the countries which are successful in science and technology can develop their products
cheaply. This means that those countries can compete with other countries. In contrast,
countries that have low capacities in developing science and technology will need more time
and money to produce goods; therefore they are unable to compete with other countries.

Yongyuth Yuthavong and Angela M. Woejcik (1997 : 10) wrote in their book ‘Science
and Technology in Thailand: lesson from a Developing Economy’ that the application of science
and technology that leads to economic growth in the developing country is composed of 3
categories: 1) to increase the resources and to reduce the cost of production, which will

increase the capacity to compete with other countries and will increase economic growth, 2) to
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develop new processes and products and 3) to give feedback to the country quickly about the
global economy. They also concluded that “science and technology are vital components of
the globaiization phenomenon, and comprise factors which determine the success of a country
in the global economy.” However, science and technology in Thailand has not progressed
sufficiently. There are still many problems, and this affects Thai economic growth rate.

A research paper of the International Institute of Management Development {IMD)
revealed that in 2000, Thailand's competitiveness in science and technology ranked 47th. This
rating is lower than 4 years before when Thailand was rated 32nd. IMD used the capacity in
science and technology to evaluate the countries. Kriengsak Charoenwongsak {2000 : 1)stated
that the IMD index is vital. It is important to know and plan for improving the global ranking of
Thailand. He said;

“The IMD is an important index, which is widely used. Many public policy makers, investors and
financial decision-makers pay attention to this index when making substantial decisions. Thus,
Thailand must not allow its low ranking to remain so. A ranking such as this could severely

handicap Thailand’s future.”

The important thing that we should do is to prepare our country not to get the same rating in
the future. in contrast, we need to set the a goal to increase the IMD ranking. How to prepare
for an increase in IMD rating is the vital question. The IMD ranking is based on eight criteria:
Domestic Economy, Internationalization, Government, Finance, Infrastructure, Management,
Science and Technology and People. According to the IMD, science and technology is
subdivided into five categories: Research and Development (R&D), Expenditures, Research
and Development Personnel, Technology Management, Scientific Environment and Intellectual
Property. Funding for research and development in Thailand is very low, because there are
few research and development activities. According to the IMD, research and development in
other developed countries averages 1-3 percent of the GDP; Thailand spent less than 0.1
percent in 1897. These data also show that the number of full time researchers in Thailand
dropped from 5,539 in 1987 to 4,409 in1997 (Montakan Tanchaisawat. 2000 : 2).

Success in science and technology also depends on research in science teaching.
Conducting research in science and technology will require significant money and time. In

Thailand, money for doing science and technology research is endorsed by the government.
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However, compared with other countries successful in science and technology, funding given to
science and technology research comes from both government and the private sector. Private
sector spending in Thailand for research in science and technology is low. Shortland (1988 :
307) argues that “public support for science depends upon at least a minimal level of general
knowiedge about what scientists do.” Laugkch (2000 : 85) also argues that scientific literacy is
the basic requirement that has an influence on this situation. He mentions that higher levels of
scientific literacy will better support science. Kriengsak Charoenwongsak (2000: 2) suggests
that “effective incentives should be used to spur the private sector to actually be involved in
research and development.” He also mentions that industry must provide jobs for young
scientists who get their degrees in science and technology. The private sector should spend
money on conducting research in science and technology themselves, or funding other
research institutes to do so. If the citizens know the benefits of science and technology, they
will support science and technology research. Therefore, it is necessary to prepare citizens to
be iiterate in science. Scientific literacy will influence people, and the more people are literate
in science, the more they will support scientific research. Countries that have great research
programs have new technology that can produce goods and be able to compete in the
international markets. However, to prepare an economy for international competitiveness is not
easy, therefore a long-term approach is needed.

Education is one method to prepare the future citizens. In Thailand, the Office of the
National Education Commission (ONEC) prepares policies on science and technology in an
effort to increase the country's international competitiveness. The ONEC's visions and missions
(2001: 19) that have been accordingly formed to serve as frameworks to develop science and

technology in Thailand are:

"Science education is a crucial tool for building a knowledge-based and learning society; it provides
opportunities for all learners to achieve well-balanced self-development to their full potential, attain
sound basic knowledge and understanding, be capable of analytical thinking and able to live a safe and
sound way of life. To realize these goals, learner-centered approach should be applied in all types of
education service; be it formal, non-formal or informal education, while curriculum contents must be
relevant to real life experiences and kept abreast of advances in pertinent fields. Other contributory
elements include a sufficient number of good quality learning centers, the promotion of scientifically

talented youngsters who will contribute to the building of knowledge for the future development of the
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country, and the promotion of lifelong learning which can elicit cooperation from the mass media and

the entire community."

The importance of this framework is to prepare the future citizens. However, to prepare future
citizens can't be done in short time - it also requires more money and the cooperation of the
country to work in partnership.

To prepare the future citizens is vital. In Thailand, after students finish grade 9, some
will go to work, while others will start their studies in grades 10 -12. It is very important to
prepare students to be literate in science and technology while they are in grades 1-9. In the
past, Thailand's economy depended on agriculture. More than 80 percent of the popuiation
were engaged in agricultural activities. In the past decade, this situation has changed as more
people are working in the industry and service sectors {Albelmann, C & et al, 2001 : 11). The

size of the labor in industry and service showed an increase from 1991 -1998 (FIGURE 1).
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Source: National Statistics Office.

FIGURE 1 PERCENTAGE OF EMPLOYED PERSONS BY SECTORS

Source: Abelmann C, & et al.{ 2001) Thailand Secondary Education for Employment
Volume I: A Policy Note East Asia and Pacific Region. p. 11.
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Workers who are literate in science and technology are considered as a high quality class; this
is one of the important reasons why we need to prepare the citizens in science and technology
literacy. In 1998, 69.6 percent of Thai citizens aged 13 years and above had a primary or

lower than primary education (Figure 2).
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Source: National Statistics Office.

FIGURE 2 PERCENTAGE OF THAI POPULATION BY EDUCATION ATTAINMENT IN 1999

Source: Abelmann C, & et al.( 2001) Thailand Secondary Education for Employment
Volume I: A Policy Note East Asia and Pacific Region. p. 12.

Only 3 percent of Thai citizens between the ages of 25 and 64 have secondary
education, whereas other countries have higher percentage. For example, England and The
United States have more than 50 percent. In Asian countries, Korea, Malaysia and Indonesia

also have higher percentages than Thailand (Figure 3).
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Source: OECD Education at a Glance, OECD Indicators, 1998.

FIGURE 3 PERCENTAGES OF POPULATION (25-64 YEARS) COMPLETING SECONDARY
EDUCATION IN SELECTED COUNTRIES, 1996

Source: Abelmann C, & et al.( 2001) Thailand Secondary Education for Employment
Volume I: A Policy Note East Asia and Pacific Region. p. 13.

These findings mean that most Thai people in the working age group have an
education level that is lower than secondary. This is the reason that the government must
address and take action in the education reform effort and allow students free education for 12
years. This action is very interesting because we have a change that lets us prepare our
future citizens through education for a minimum of 12 years. The goal is to prepare them for
work in the future, because, with the growth of international competition, we need a quality
labor force. Scientific literacy will be one way to prepare them to know about science and
technology and to prepare them for work and life long leaming. Bayer (2003 : 1) has found
from his research in the United States of America that "Business executives and school
principals agree that science literacy must become a fourth fundamental for today's students to
succeed in the global marketplace of tomorrow.” In this case Bayer summarizes that, in the
next 10 years, basic scientific literacy will be a job requirement for industrial positions.
Scientific literacy is vital in the preparation of the next generation of citizens for the job market.
Figure 2 shows that about 70 percent of Thai students will stop their studies after their
secondary school experience. Those students will be going to work in the industrial or in the

service sectors. Thailand and other countries in the world will have people with higher literacy
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in science, and these people will have a better chance of getting jobs than others. These
educated labor forces are easier to be trained in science and technology, which will be
necessary in conducting business and allowing for easier job changes. In the future, the
number of careers that demand scientific literacy will become large. However, other fields,
such as ant, law, medicine, music and business will also have a need for science and
employees with a high degree of scientific literacy. The future of a country depends on the
students of today, so it is essential to give them a strong education in science. Scientific
literacy is fundamental today for living and working. It is necessary to define scientific literacy

and ways and methods to measure scientific literacy.

Research Questions
In this study, the research questions are:

Guestion 1:

Do people in the school system, health sciences and in business, (such as
science professors, science educators, science teachers, engineers, medical doctors, business
and industry employees and government officials) have similar views of scientific literacy, as
related to the three dimensions of scientific literacy: scientific contents, scientific process and
an awareness of the impact of science and technology on individuals and on society?

1.1 What are the perceptions of science professors, science educators, science
teachers, engineers, doctors, business and industry employees and government officials to
these dimensions of scientific literacy?

1.2 How do these perceptions of the dimensions of scientific literacy compare
across each group?

Question 2:

What are the levels of scientific literacy in Thai lower secondary schools in The
Bangkok Metropolis and its vicinity?

2.1 What are the levels of scientific literacy among Thai lower secondary
schools in The Bangkok Metropolis and its vicinity?

2.2 What are the levels of scientific literacy in pilot schools and participating
schools in The Bangkok Metropolis and its vicinity?

2.3 What are the levels of scientific literacy among schools under the

Department of General Education (DGE), the Office of the National Primary Education



Commission (ONEC) and the Office of the Private Education Commission (OPEC) in The

Bangkok Metropolis and its vicinity?

2.4 s there a gender difference in scientific literacy levels?

Scope of the Study
Population of the study

This study divides into two parts.

1. The first part of this study has sought to determine the extent of consensus
amongst ‘experts’ on the scientific literacy that Thai students should know. In this case, the
populations were:

1.1 science professors

1.2 science educators

1.3 science teachers

1.4 engineers

1.5 medical doctors

1.6 business and industry employees
1.7 government officials

2. The second phase is to investigate scientific literacy of grade nine Thai
students in The Bangkok Metropolis and its vicinity. The populations are 9Th grade students
from pilot schools and participating schools in Bangkok, Chachoengsao, Nakhon Pathom,
Nonthaburi, Pathum Thani, Samut Prakan and Samut Sakhon who will finish their compulsory

education in 2004.

Sample of the study

16

1. The sample of the expert groups to find out the scientific literacy that Thai

students should know were:
1.1 6 science professors
1.2 8 science educators
1.3 3 science teachers
1.4 3 engineers,

1.5 3 medical doctors,
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1.6 3 business and industry employees
1.7 3 government officials
2. The sample of Thai students was selected by random sampling from the
population mentioned previously. Schools are located in Bangkok, Chachoengsao, Nakhon
Pathom, Nonthaburi, Pathum Thani, Samut Prakan and Samut Sakhon. In each province,
schools were under the jurisdiction of the Office of the Basic Education Commission (the
Department of General Education, DGE, and the Office of the National Primary Education
Commission, ONPEC)} and the Office of the Permanent Secretary (the Office of the Private
Education commission, OPEC).
Variables of this study
The variables of this study are the following:
1. Independent variables:
1.1 Expert groups:
1.2 Schools which have used the new Science National Standards in teaching
in 2002. These schools are composed of pilot schools and participating schools.
2. Dependent variables:
2.1 The level of scientific literacy of Thai secondary school students who
study in The Bangkok Metropolis and its vicinity.
2.2 The difference in levels of scientific literacy between
Thai students in The Bangkok Metropolis and its vicinity.
2.3 The difference in levels of scientific literacy of Thai students between
boys and girls.
2.4 The difference in levels of scientific literacy of Thai students between pilot
schools and participating schools
2.5 The difference in levels of scientific literacy of Thai students between the
Department of General Education (DGE), the Office of the National Primary Education
Commission (ONPEC) and the Office of the Private Education Commission (OPEC).
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Definition of Terms

1. Thai students: refer to students who are studying in the first semester of the last
year of compulsory level (Grade nine) in pilot schools and participating schools in The Bangkok
Metropolis and its vicinity. These students began their studies under the new Science National
Standards in 2002 and will be in grade 9 of compulsory education in 2004,

2. Pilot schools: refer to the schools which are selected by the Curriculum
and Instruction Development Department for using the new science curriculum (Basic
Education Curriculum B.E.2544 (A.D.2001). These schools were schools under the jurisdiction
of; the Department of General Education (DGE), the Office of the National Primary Education
Commission (ONPEC) and the Private Education Commission (OPEC). However, by education
reform, DGE and OPED schools are under the Office of the Basic Education Commission, and
the Office of the Private Education Commission (OPEC) is under The Office of The Permanent
Secretary.

3. Participating schools: refer to the schools that also join and use the new
curriculum. These schools are under the Department of General Education (DGE), the Office of
the National Primary Education Commission (ONPEC) and the Office of the Private Education
Commission {OPEC).

4. Basic Education Curriculum B.E. 2544 (A.D. 2001): is the nationa! core
curriculum, the goals of which are to develop learners in 4 areas: morality, intellectual growth,
quality of life and competitive ability. The Basic Education curriculum B.E. 2544 will be
implemented in all grades in the Year B.E. 2544,

5. The Bangkok Metropolis and its vicinity: refer to Bangkok province and
the provinces around Bangkek, including Chachoengsao, Nakhon Pathom, Nonthaburi, |,
Pathum Thani, Samut Prakan and Samut Sakhon.

6. Compulsory education: refer to 9 years schooling which require children aged
seven to enroll in basic education institutions until the age of 18, with the exception of those
who have already completed 9" grade.

7. Scientific literacy: the definitions of scientific literacy used in this study is
definition that Miller (1983 ;) used in his surveys:

7.1 a vocabulary of scientific terms and concepts.

7.2 an understanding of the process of science
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7.3 an awareness of the impact of science and technology on individuals and
on society.
This study was limited to the pilot schools and participating schools in the Bangkok
Metropolis and its vicinity, the students of which were in 7th grade in 2002 and were in ch

grade in 2004. The data were collected at the end of the second semester of the academic
year 2004.

Conceptual Framework of the Study

According to the literature review and the education reform in Thailand, the researcher
found that scientific literacy is vital for the citizens, because students of today will be the
citizens of tomorrow. So, it is important to know if the new National Science Standards have
the capacitiy to prepare students in grade nine (or at the end of compulsory education) to be
literate in science. From the literature review and experience as a science teacher and
educator, this researcher found that the people who have influence in science education
usually are science professors, science educators and science teachers. They are involved in
developing science curriculum. However, as Fensham (2002 : 22) mentions, we should give
the opportunitiy to society to also have influence in science curriculum development. In this
study, this researcher will use the Delphi Method to survey the dimensions of scientific literacy
that Thai students shouid know from the expert groups. These experts will be groups of people
in different professions, such as medical doctors, engineers, business and industry employees
and government officials. They will share their ideas about scientific literacy that Thai students
should know. The researcher will use those results to develop scientific literacy test items, then
those items will be used to evaluate students in the Bangkok Metropolis and its vicinity. The

conceptual framework in this research study was:
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Hypotheses

1. The developed instrument test item is efficient to assess scientific literacy.

2. Scientific literacy scores of the students in the Bangkok Metropolis and its vicinity
are different.

3. Scientific literacy scores of the students from pilot schools and parsticipating schools
are different.

4. Scientific literacy scores of students from the Department of General Education
{DGE), the Office of the National Primary Education Commission (ONPEC) and the Office of
the Private Education commission (OPEC) are different.

5. The level of scientific literacy among girls and boys is the same.



CHAPTER 2
REVIEW OF RELATED LITERATURE

This chapter will be divided in to 5 sections; scientific literacy, conceptual frameworks
for scientific literacy, scientific literacy reform, and science education in Thailand. In the first
section scientific literacy conceptions of various science educators and scientists will be
addressed. A discussion of the importance of scientific literacy to the people of Thailand will
follow. In the second section various conceptual frameworks of scientific literacy as viewed by
science educators and scientists will be discussed. Conceptual frameworks are broader than
the meaning of scientific literacy as defined, as they inciude the process of groups who are
interested in scientific literacy, the ways to measure it, the importance of scientific literacy, and
the relation between each of them. In the third section, the story of scientific literacy reform in
science education will be explored. This will include current science education reform efforts.
In the fourth section scientific literacy in Thailand will be looked into; the science education in
Thailand and the education reform will be discussed. And in the iast section, the methods and
the research related to scientific literacy will be explored. This will include the topics or the
contents of scientific literacy that the people should know, and the process of developing

scientific literacy test items will be discussed.

1. Scientific Literacy

In what follows, pertinent literature related to scientific literacy will be explored.
Scientific literacy is defined in many different ways by many people, group organizers and
institutes. Shen divides science literacy into three categories: cultural scientific literacy, civic
scientific literacy, and practical scientific literacy. In his article, Shen defines civic literacy as
“an intensity of understanding of scientific terms and constructs sufficient to read a daily
newspaper or magazine and to understand the essence of competing on given dispute or
controversy.” (Shen,1975, cited in Miller, 1998 : 204 ). However, Miller (1998 : 205) focuses on
Shen's civic scientific literacy and proposes a tripartite definition that emphasizes the need of

an understanding of the vocabulary, concepts, and scientific process. Yager (1993 : 13 ) says
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in his books that in 1982 the Board of Directors of NSTA approved unanimously the scientific

and technologically literate person who:

uses science concept, process skill, and values in making responsible everyday decisions;

understands how society influences science and technology as well as how science and

technology influence society;
understands that society controls science and technology through the allocation of resources;

recognizes the limitations as weli as the usefulness of science and technology in advancing

human welfare;
knows the major concepts, hypotheses, and theories of science and is able to use them,;
appreciates science and technotogy for the intellectual stimulus they provide;

understands that the generation of scientific knowledge depends upon the inguiry process and

upon conceptual theories;

distinguishes between scientific evidence and personal opinion;

recognizes the origin of science and understands that scientific knowledge is tentative, and
subject to change as evidence accumulates;

understands the applications of technology and the decisions entailed in the use of
technology, has sufficient knowledge and experience to appreciate the worthiness of research
and technology development;

has a richer and more exciting view of the world as the results of science education; and
knows reliable sources of scientific and technological information and use these sources in the

process of decision making.

Lee (2002 : 5) summarizes in the book for guiding science teachers in Wisconsin (US) the

characteristics of the people who are literate in science as follows:

®They use scientific knowledge problem-solving skill, and informed aftitudes in making

responsible everyday decisions.

® They understand how society influences science, as well as how science influences society.

® They understand that society limits science through the allocation of resources.

®They recognize both potential and limitations of science in advancing human and ecological
welfare.

®They have a broad understanding of the conceptual schemes of scientific knowledge and are

able to apply the understanding in various situations.
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®They have an intellectual interest in science.

® They are curious about the natural world.

®They understand that new scientific knowledge resuits from inquiry that uses prior knowledge.
® They distinguish between scientific knowledge and personal opinion.

® They recognize the origins of scientific knowledge and understand that scientific knowledge is

subject to change.

®They have a richer, more exciting view of the world.

Although scientific literacy has many definitions as mentioned above, these definitions
vary according to groups of persons, individuais or institutes. Thurmond (1997 : 13) concludes
that most of the definition of scientific literacy can be summarized in three characteristics: 1).
the person who is literate in science needs to understand the basic of scientific concepts, 2).the
second characteristic that he should have, is the ability to understand scientific thinking,
scientific process and reasoning, 3). the third characteristic is that he understands the everyday
applications of science in his personal and social life. However, in his research study he
found that the definition of scientific literacy as perceived by science professors and science
educator professors are different. The perceptions of science professors in the university are
about the science content while the perceptions of science educators are about the science
process skills (Thurmond 1997 : 128). In 2000, Thurmond and Lee concluded that science
professor emphasized science knowledge more than other component of scientific literacy
(p22). However, Deboer (2000 : 582) argues that while definitions of scientific literacy are
important, it is equally important of focusing on the local goals of the school district in relation

to scientific literacy instead of focusing on student achievement scores.

1.1 Conceptual Frameworks for Scientific Literacy

The term, "scientific literacy” was originated in the 1950s (Chun et al. 1999 : 2 ). The
definition of scientific literacy depends on the persons or the groups that give its meaning.
There are many frameworks for talking about scientific literacy. Miller (1983 : 38-40 ), who
studies about scientific literacy for more than two decades has proposed that a literate person

should be able to demonstrate; a) a vocabulary of scientific terms and concepts, b} an
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understanding of scientific approaches, and c) an awareness of the impact of science and
technology.

Champagne and Lovitts (1990 . 1-2) provide a conceptual framework for scientific
literacy. It includes three broad categories, with the descriptive elements of scientific literacy

placed in Figure 4. This also shows the influence of ideclogy on the nature of the descriptions.

IDEOLOGY

EDUCATIONAL EXPERIENCES
THAT ENGENDER
SCIENTIJFIC LITERACY

FIGURE 4 CONCEPTUAL FRAMEWORK FOR SCIENTIFIC LITERACY

Source; Champagne, A. B.; Lovitts, B. E.; & Calinger, B. J. (1989). This Year in
School Science 1989 Scientific Literacy. p. 25.

They mention the meaning of scientifically literate persons by giving and describing a)
behaviors exhibited by scientifically literate person, b) the mental state of a scientifically literate

person (knowledge, skill and dispositions), and c¢) the educational experiences of a scientifically

literate person.
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Jinks {1897 : 1) discusses that students in elementary schools will not become
professional scientists this causes a problem for those attempting to define the scope and
meaning of scientific fiteracy for the general population. He proposes that the model of
scientific literacy should have three aspects: 1) the ability to gather reliable information, 2) the
ability to develop explanations about nature, and 3) some familiarity with the product of
science. He explains that the first aspect is the ability to gather reliable information about
nature. This aspect is a result of the acquisition of a set of skills and these skills are referred to
as a science process or inquiry skills. The teacher should take a developmental view with
respect to teaching. The expectation for the students is to grow more proficient through
experience. The experience should be structured around two elements:

1. Gaining an increase in, and having more sophisticated insight into the nature of the

process sKills.

2. Practicing the skills.

The second aspect is the ability to explain the information. Aspect of general scientific
literacy, inventing and explanation, is as important as acquiring inquiry skill but is rather more
abstract since it depends upon theory.

The last aspect is some familiarity with the heritage of science. The aspect of general
scientific iteracy involves having some familiarity with the body of scientific knowledge that has
been accumulated for the past 300 years. This aspect has defined science literacy and
education throughout most of its history and is still an important component of science learning
today. However the first and second aspects of scientific literacy and science as inquiry or
process of science, look similar to the others, while the third aspect, scientific concepts, is still
the same as it was used in the past, as Miller (1979) calis it “scientific vocabulary”.

Bybee (1997 : 83) concludes that scientific and technology literacy can be defined as a
continuum of understanding about the nature and designed world. He also defines several
dimensions of scientific and technology literacy: 1) nominal scientific and technology literacy, 2)
functionai scientific and technology literacy, 3) conceptual and procedural scientific and
technology literacy, and 4) multidimensional scientific and technology literacy. Nominal
scientific and technology literacy means an individual who understands a term or topic of

scientific and still misunderstands science. However, Bybee argues that nominal scientific and
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technology literacy is “minimal in comparison to accept scientific understanding for the
individual's age and stage”. ( Bybee 1997b : 56).

Functional scientific and technology literacy means a person who knows vocabutary but
still does not understand science context and without science concepts. These citizens know
about the vocabulary only by memorizing and recognizing. Traditional science teaching usually
makes students memorize in the details. Therefore students do not know the meaning and the
ways to relate to society and their environments,

Conceptual and Procedural scientific and technology literacy consists of developing an
understanding of the way conceptual parts of a discipline relate to the whole discipline. This
dimension also includes the scientific process, scientific inquiry and technology design.

Multidimensional scientific and technology literacy extends beyond vocabulary, concept,
and science process skills. In this dimension, citizens will need to develop the perspective of
science and technology including history of scientific idea, the nature of science and technology
and the role of life related to society. Science for All Americans (AAAS. 1989) and National
Science Education Standards and Benchmarks for Science Literacy (AAAS. 1993) also mention
about the meaning of scientific literacy that is related to this dimension of scientific literacy,
multidimensional scientific and technology literacy. Bybee (1997a : 137) also argue that to
prepare students to achieve scientific literacy requires change of science teachers, school
administrators, scientists, and engineers. Legislators and parents should also provide their
support for science education.

Laugksch (2000 : 74-78) concluded that there were different factors that can influence
interpretations of scientific literacy. These factors include a) the number of different interest
groups that are concerned with scientific literacy, b) different conceptual definitions of the term,
¢) nature of scientific literacy as a concept, d) purposes for advocating scientific literacy, and e)

different ways of measuring it (Figure 5).
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Interest
groups
Ways gf Conceptual
measuring definitions
SCIENTIFIC
LITERACY
Purposes, Nature of
i.e. benefits concept

FIGURE 5 A CONCEPTUAL OVERVIEW OF SCIENTIFIC LITERACY

Sorce: Laugksch, R.C. (2000). Scientific Literacy: A Conceptual Overview. Science

Education. p. 74.

Laugksch (2000 : 75) argued that four groups of people holding different perspectives
on scientific literacy were: science education community, social scientists and public opinion
researchers who are concerned with science and technology policy issues, sociologists of
science and science educators, and informal and non-formal science educators. In the
traditional science education, most of the science curricula were developed by science
educators and scientists. In this case he explained that the first interest group was science
education community, which concerned itself with the nature (i.e., purpose), performance, and
reform of existing educational systems. I[ssues that motivate this group’s involvement in

scientific literacy are :
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(a) the goals of science education (i.e., why teach science and what form should the
science content take);

(b} how personal skills, attitudes, and values implied by the goals are successfully
incorporated into the science curriculum, and effectively taught by teachers;

{c) the quality and nature of resources required to achieve these goals efficiently
(e.g., textbooks); and

(d) appropriate assessment to ascertain to what extent the goals for science education

have been met.

Associated with this interest group would also be science curriculum development
groups, as well as professional science education associations. This first interest group is,
therefore, mainly concerned about the relationship among formal education and scientific
literacy, and the group has a specific focus on secondly, but increasingly also on primary and
tertiary, education.

The second interest group includes social scientists and public opinion researchers
concerned with science and technology policy issues. This group is essentially concerned with
the general public’s support for science and technology, as well as the public's participation in
science and technology policy activities. Pertinent fields of inquiry for this category of
researchers are thus related to the identification of the individual's sources of scientific and
technical information; measuring the public’s scientific knowledge base and perceptions of the
limitations of science; as well as measuring the public's attitude toward science and technology
in general and toward selected current policy issues in particular.

The third interest group includes sociologists of science and science educators
employing a sociological approach to scientific literacy. These researchers are concermned with
the construction of authority with respect to science (i.e., organizational forms of ownership and
control of science), or “knowledges in context”.

The fourth interest group that can be identified is the informal and nonformal science
education communities, and those involved in general science communication. The combined
group thus consists of those professionals that provide educational and interpretative
opportunities for general public to be better familiar with itself, in addition to those who report

science as ‘news” and write about science, in general. These professionals include relevant
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persenals involved in science museums and science centers, botanicai gardens and zcos, as
well as members of creative teams involved in science exhibitions and science displays.
Science joumalists and writers, and relevant personnel involved in science radio programs and
television are also included in this interest group.

However, Fensham (2002 : 22) had a different view on scientists and science
educators as an interest group in scientific literacy. He mentioned that in the traditional science
curriculum, it was mainly the work of scientists and science educators who strongly advocated
schooling as a means of achieving scientific literacy which he objected. He mentioned that “it
is time to give societal expertise the status and power to be initial driver in the process of
identifying how science affects the public, both personally and as responsible citizens”.
However, Hewson (2002: 216) reflected that many groups of people, not only scientists and
science educators as Fersham mentioned came to participate in the process of developing
science curriculum. But he also concluded that before the final science curriculum was
developed and could be used in the school, a lot of “social” people came to participate in the
developing of the curriculum. Hewson (2002 : 216) also argued that in developing scientific
literacy not only the contents of knowiedge but the writing and reading also were the vital for

supporting people to be literate in science. He wrote :

Literacy in its prototypical form focuses on the tools of reading and writing. This striking parallels
between the two forms of literacy, as | have outlined them, strongly support for considering

scientific literacy in relation to its tools, that is explaining and predicting, rather than a body of

knowledge.

Anderson (1997 : 973) also argued that “reading and writing are the mechanisms throngs which
scientists accomplish [their] task. Scientists create, share and negotiate the meaning of
inscription — notes, reports, table, graphs, drawing, and diagram”. This means texts and
literacy are essential for students to engage their scientific literacy. Science teaching will not

be successful with the lack of texts and without literacy.
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2. Scientific Literacy and Current Education Reform

Scientific literacy has influenced in the science education. In the US, scientific literacy
is used in education after Bybee (1997: 46) argued that scientific literacy was "the fundamental
goal” for all students in contemporary science education. However, Shamos, against this idea.
(Shamos, 1988; 1995; 1995a; 1995b; 1996; 1998). He criticized the goal of scientific literacy as
unattainable and an unnecessary "myth." Other voices have aiso been raised against particular
aspects of the goal (1995b : 30-31 ).

Scientific literacy is the knowledge and understanding of scientific concepts and
processes required for personal decision making, participation in civic and cultural affairs, and
economic productivity. It also includes specific types of abilities. These proposals have been
made by the American Association for the Advancement of Science (AAAS), the National
Research Council (NRC), and the Programme for International Student Assessment (PISA).

AAAS proposal ‘Science for Al Americans' is based on the belief that the science
literate person is one who is aware that science, mathematics and technology are
interdependent human enterprises with strengths 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 ways of thinking for individual and social purposes. (p. xvii}

NRC defines scientific literacy as the knowledge and understanding of scientific
concepts and process required for personal decision-making, participation in civic and cultural
affairs, and economics productivity. In the National Science Education Standards, scientific
literacy means, “a person can ask, find, or determine answers to questions derived from
curiosity about everyday experiences”. It means that a person has the ability to describe,
explain, and predict natural phenomena.  Scientific literacy entails the ability to read with
understanding science articles in the popular press and to engage in social conversation about
the validity of the conclusions.  Scientific literacy implies that a person can identify scientific
issues underlying national and local decisions and express positions that are scientifically and
technologically informed. A literate citizen should be able to evaluate the quality of scientific
information on the basis of its source and the methods used to generate it. Scientific literacy
also implies the capacity to pose and evaluate arguments based on evidence and to apply

conclusions from such arguments appropriately. (National Science Education Standards, 22).
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The Programme for International Student Assessment (PISA) (OECD. 2000 : 102),
studies about scientific literacy in 2000. PISA defines scientific literacy in terms of the ability to
think scientifically in a world in which science and technology shape people's lives. Such
literacy thus requires an understanding of scientific concepts as weil as an ability to apply a
scientific perspective; however, it does not imply that future aduits need large reservoirs of
scientific knowledge. The key is to be able to think scientifically about the evidence and issues
that they will encounter. OECD, PISA (2000 : 102) defines scientific literacy as “ the capacity to
use scientific knowledge, to identify questions, and to draw evidence-based conclusions in
order to understand and help make decisions about the natural world and the changes made to

it through human activity.

It is important to emphasize not only that both ‘scientific knowledge' and ‘the
processes’ by which this knowledge is developed are essential for scientific literacy, but also
they are bound together in this understanding of the term. As it will be discussed in more
details the processes are only scientific processes when they are used in relation to the subject
matter of science. Thus, using scientific process necessarily involves some understanding of
the scientific subject matter. The view of scientific literacy adopted here acknowledges this
combination of ways of thinking about, and understanding, the scientific aspects of the world.
The specifics of the three defining dimensions content, process, and situation in the case of
OECD, PISA (2000 : 102) are as follows:

® Content or Structure—involves broad science concepts from physics, chemistry, biological
sciences, and Earth angd space sciences, Concepts are incorporated more particularly from themes
such as biodiversity, forces and movement, and physiological change, and are organized into
several broad areas of application: science in life and health, science in Earth and environment, and

science in technology.

® Process—includes thinking skills organized into five processes. recognizing scientifically
investigable questions, identifying evidence needed in a scientific investigation, drawing or
evaluating conclusions, communicating valid conclusions, and demonstrating comprehension of

scientific concepts.

® Situation—focuses on the situations in which scientific knowledge and skills are applied:

personal, public, global, and situations of historical relevance.
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As with the other PISA items, science literacy items seek to measure how well
students are able to apply a variety of scientific skills to a diverse group of situations—the kind
of situations they encounter while making a decision about an environmental referendum; the
kind they encounter in trying to understand their own medical care or while reading information
about disease prevention; or the kind they encounter in a scientific text.

According to PISA, process means: a) recognizing scientifically investigable questions.
b) identifying evidence needed in scientific investigation. c) drawing or evaluating conclusions
d) communicating valid conclusions. e) demonstrating understanding of scientific concepts.
While, the second dimensions, scientific concepts in PISA are expressed scientific literacy for
some concepts in science, not all of scientific concepts. Because PISA believed that it would
be impossible that citizens should know all scientific concepts. In PISA some scientific
concepts will be used for the evaluation of student scientifically. Those concepts are structure
and properties of matter, atmospheric change, chemical and physical change, energy and
transportation, forces and motion, human biology, physiclogical change, biodiversity, genetic
control, ecosystems, the Earth and its place in the universe and geological change.

The last dimension in PISA is scientific situations. A scientific situations in PISA mean
a real-world phenomenon in which science is applied (OECD, PISA 2000 : 104). In practice,
the areas of application of science in PISA have been grouped under three categories: a)
science in life and health. b) science of the Earth and environment and c) science in
technology. PISA makes assessment in these areas;

- Science in life and health

- Health, disease and nutrition

- Maintenance of and sustainable use of species
- Interdependence of physical/biological systems
- Science of the Earth and environment

- Pollution

- Formation and loss of soil

- Weather and climate

- Science in technology

- Biotechnology

- Use of materials and waste disposal
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- Use of energy

- Transportation

The major scientific themes, with examples of related concepts, for the assessment of

scientific literacy

- Structure and properties of matter {thermal and electrical conductivity)

- Atmospheric change (radiation, transmission, pressure)

- Chemical and physical changes (states of matter, rates of reaction,
decomposition)

- Energy transformations {energy conservation, energy degradation,
photosynthesis)

- Forces and motion {balanced/unbalanced forces, velocity, acceleration,
momentum)

- Form and function (cell, skeleton, adaptation)

- Human biology (health, hygiene, nutrition)

- Physiological change {hormones, electrolysis, neurons)

- Biodiversity (species, gene pool, evolution)

- Genetic control (dominance, inheritance)

- Ecosystems (food chains, sustainability)

- The Earth and its place in the universe (solar system, diurnal and seasonal
changes)

- Geological changes {continental drift, weathering}

Although scientific literacy has a broader meaning, the area of science content and
the process of science are used in assessment. The following section will discuss science
education reform in Thaitand and new National Science Education Standards. Many papers
show that there are many interest groups that have influence in scientific literacy. Laugksch
{2000 : 74-75) in “Scientific Literacy: A Conceptual Overview” concluded that interest groups in
scientific literacy consist of: the “education community”, the “social scientists and public
researchers concerned with science and technology policy issues”, the “"sociologists of science
and science educators employing a sociological approach to scientific literacy” and the

“infformal and nonformal science education community and those involved in general science
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communication” (Laugksch. 2000 : 75). He argued that the first group, science educators,
focuses on the scientific literacy of students in elementary schools and secondary schools, the
second and the third groups focus on the scientific literacy of adults while the last group

focuses on promoting the scientific literacy of children, adolescents and adults (2000 : 76).

Galbraith et al, (1997 : 435) used Delphi methodology to survey the future of scientific
literacy within the Australian school context. In their study, a variety of groups participated
including; professional educational associations, professional scientific associations, science-
based units at universities, institutions training teachers, science teachers (universities),
business and industry, curriculum development officers in the various states, heads of State
Departments of Education and practicing science teachers. Thurmond (1997 : 123} studied the
perceptions of scientific literacy definitions and the ways to promote scientific literacy from
science professors and science education. He concluded that science professor’'s emphasized
science content when defining scientific literacy, while science educators emphasized science
inquiry. Fensham (2002 : 22) has different view about expert groups who influence scientific
literacy. He argued that expert academic scientists and science educators have given in the
last decade to the two questions that scientific literacy poses answer that have been
inadequately unclear and hopelessly unrealistic. However, he pointed out that both scientists
and science educators strongly agree that scientific literacy is important. Fensham comments
about the expert groups, “It is time to give societal expertise the status and power to be the
initial driver in the process of identifying how science affects the public, both personally and as
responsibility citizens.” One question Fensham pointed out about that “Scientific literacy is too
important to leave to scientists or to science educators!”.

In Thailand IPST has developed National Science Standards that every school needs
to follow. During the development of new Science National Standards, IPST has a varied
group, such as science educators, science teachers, and scientists from the universities to
participate and discuss the guidelines for National Science Standards. How science
professors, science educators, science teachers, medical doctors, engineers, business and
industry employee, and government officials, view the dimensions of scientific literacy that Thai
Citizens should know will now be discussed. Do they have (share) similar view of National
Science Standards as those developed by IPST. Fensham (2002 : 22) said that we should

give “opportunities for social’, in this study expert groups to make decisions about scientific
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literacy, not only science educators and scientists but engineers doctors, business and
industry employees, and government officials also. Second, this study wiil assess the levels of
scientific literacy that Thai students know before they finish their compuisory education (grade
nine), In this case, a pool of scientific literacy test items will be developed based on selections
from the “experts” survey. Then the level of scientific literacy will be compared with results
from the variety schools in The Bangkok Metropolis and its vicinities. These schools are under
the jurisdiction of the Department of General Education (DGE), the Office of the National
Primary Education Commission (ONEC), and the Office of the Private Education Commission
(OPEC). Schools have been selected because of their different potential to promote students
to study science, the graduate background of teachers and the budgets that schoals put in
science education. However, according to the National Education Act of Thailand (1989), ail
schools in 2003 come under the same office, which call Office of the Basic Education
Commission. The result from this study will be used for future science education in each

school groups.

How many Thai people are literate in science?

There are no data about the literacy in science for Thai citizens, but the results of
TIMSS show that among students in third grade from 24 countries and fourth grade from 26
countries participating in this study, Thai students scored lower than the international average
in both groups. In the secondary schools, Thai students, both seventh and eighth grade levels,
obtained higher science scores than the international standards when compared to seventh

grade from 39 countries and eighth grade from 41 countries {TIMSS 1995 : 32-39).

3. Measuring Scientific Literacy

As discussed above there are varieties of meaning of scientific literacy depending on
groups of persons that give the definitions. There are, then, a lot of technigues to test scientific
literacy. From the literature review, Miller used three dimensions to evaluate scientific literacy.

3.1 Scientific Literacy Test Item
3.1.1 True (T) or False (F) Test ltem.
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It is crucial to know how scientific literacy will be tested. As Laugksch (2000: 73-
76) mentioned in his scientific literacy framework (Figure 2.2) that the people who studied
scientific literacy should know the ways to measure its. Laugksch and Spargo (1996a:123
1996b: 331) had developed a pool of scientific literacy test-items based on selected AAAS
literacy goals. These scientific literacy item tests were called “"Test of Basic Scientific Literacy”
(TBSL). It consists of three subtests of scientific literacy: 22, 72, and 16 test-items on the
Nature of Science Subtest (NSST), the Science Content Subtest (SCKST), and the Impact of
Science and Technology on Society Subtest (ISTSST), respectively. These scientific literacy

test items were developed from the model of Miller (1883).

3.1.2 Multiple-choice Test Item

Waldron, {., Peterman, K. and Allison, P., {2002 : 1) have developed multiple-
choice Science Survey which evaluates knowledge and understanding of important scientific
concepts and facts, as well as scientific reasoning ability. Test items were used to evaluate
scientific literacy at the university level. It's also included knowledge and understanding of
biology, chemistry, environmental science, physics, psychology, mathematics and statistics, as
well as scientific reasoning. Then items were evaluated and revised and 24 items were
selected for Science Survey. This Survey was administered to 2001 freshmen from which
1265 (83%).were retumed. The mean score was 12.6, which mean the average score was
55% correct. The correlated score on the science survey was 0.27 (r = 0.27). The Cronbach

Alpha Score of Science Survey was 0.61.

4. Delphi Methodology

This study will use Delphi method to survey the dimensions of scientific literacy that
Thai students should know, therefore, the following section will be about the process of Delphi
study and it is important to understand this process clearly. Besides the overview of Delphi
Methodology, a description of the standard model, the paricipant selection process, the
instrument development process and, the benefits and limitations of the Delphi technique are

also described.
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4.1 Delphi technique

The original Delphi method had been developed in 1950s by Ofaf Helmer and Norman
Dalkey, both scientists at the Rand Corporation. The Delphi method can be described as a
method for structuring a group communication process that allows a group of individuals as a
whole to effectively deal with a complex problem. The Delphi method is a technique for
eliciting and refining group judgments of recognized experts in situations where exact
knowledge is not available but where individuals have partial information related to certain
topics. These individuals will make this information available to the group. The Delphi
technique is a non face-to-face procedure for aggregating group members' opinions. This
technique can be used to survey expertise around the world and it is not necessary that
individuals in the expert group who participate in the study know each other. The respondents
will be asked to respond to three rounds of questionnaires.

In the first round, the respondents will be asked three open-ended questions. In the
second round, answers from the first round will be used to develop themes related to scientific
literacy that Thai students should know. In this second round, the participants need to rate the
degree of importance for each theme and justify their rating. They will also be asked to write
any comments. The data from the second round will be analyzed using statistics; mean and
standard deviation of each theme.

In the third round, participants will be requested to review their answers in round two.
For both the 2"d and the 3rd rounds, the facilitator summarizes the responses and mails the
synthesis back to the group members for further comment. Thus although the experts might
not know the answer, they do have other relevant information that enables them to estimate
their answers. The integration of individual interviews in a structured and moderated process
helps to overcome the uncertainty inherent in complex problems and develop further their
responses.

Delbecq, Van de Ven, & Gustafson, (1975 : 10-11) noted in their book "Group
Techniques for Program Planning” that the Delphi technique can be used in planning to
achieve a number of objectives:

1) To determine or develop a range of possible program aiternatives.

2} To explore or expose underlying assumptions or information leading to

different judgments.
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3) To seek out information which may generate a consensus on the part of the
respondent group.

4) To correlate informed judgments on a topic spanning a wide range of
disciplines.

5) To educate the respondent group as to the diverse and interrelated aspects of
the topic.

Aldler and Ziglio (1996: 9) indicated that the Delphi technique is an exercise in group
communication among participants of geographically dispersed experts. These experts share
the same ftopical interest; however, they usually represent different points of view. The Delphi
technique, in general, consists of a series of questionnaires, usually two or more questionnaires
are used. According to Delbeca et al. (1975 : 83) the first questionnaire wili use a broad
question in which respondents will answer. The second questionnaire will be developed from
the first responses, as will the third questionnaire. The process stops when there is a
consensus of opinion to the questions. These authors also indicated the following process of
Delphi technique: a) develop a set of questionnaires, b) select and contact respondents, c)
select sample size, d} develop questionnaire 1 and test, ) analyze questionnaire 1, f) develop
questionnaire 2 and test, g) analyze questionnaire 2, h) develop questionnaire 3 and test, i)
analyze questionnaire 3, and j) prepare a final report (p.87). Linstone and Turoff (1975 : 3)
summarized both the technique and the objective of the Delphi method * Delphi may be
characterized as a method for structuring a group communication  process, so that the
process is effective in allowing a group of individuals, as a whole, to deal with complex
problems”.

4.2 Participants in Delphi

Dalkey (1969 : 10), one of the first educators to use the Delhi technique studied the
effect of group size and concluded that if the number of participants in the study increases, the
average group error rate will decrease (see Figure 6). He also argued that using different
groups of experts will lead to very different answers. The size of the respondent panel is
variable. For a homogenous group of people, ten to fifteen participants might be enough.
However, a large number of respondents is preferable. Delbecq et al. (1975 : 89) stated that *

if the purpose of the Delphi study involves increasing group understanding or gaining group
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support, then a large panel of paricipants should be involved simply for motivational as

opposed to informational purposes.”

K] o EFFECT OF GROUP SIZE

AVEARGE GROUP ERROR

M
1 5 o #3 17 2125 X
NUMBER IN GROUP

FIGURE 6 EFFECT OF GROUP SIZE IN DELPHI STUDY

Source: Dalkey, N. C. (1969). The Delphi Method: An Experimental Study of Group
Opinion. Santa Monica, CA: The Rand Corporation. p 10

The respondent in a Delphi study is critical. An identification and nomination process is
used to select participants. Each nominator is contacted and asked to give the name of
person, who then could either be a participant or nominate other people to participate in the
Delphi study. Random selection of participants for the Delphi method is not acceptabie.

The researcher needs to make the decision for the target of the expertise. Experts
shouid have knowledge and experience in the subject of the study and be highly motivated to
participate in the study. Delberg et al. (1975 : 84) proposed three critical conditions to make
the Delphi method successful: adequate time, participants’ skill in writing communication and

high participants’ motivation. They also argued that the minimum time required in doing the
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The development and administration of the Delphi study is interconnected. Multi-
questionnaire will be used and participants need to be agreeable to respond to a series of
questionnaires, usually three times or rounds. The questionnaire used in round 1 could take
several forms; however, the form most likely to be used is one or two open-ended questions to
the broad problems or issues,

4.4 Benefits and Limitations of Delphi study
The benefits of round 1 consist of a) adequate time for thinking and reflection, b)
avoidance of undue focusing on particular idea, c¢) avoidance of competition both in status
pressures and conformity issues, d) avoidance of choosing between ideas prematurely, e) time
is flexible in allowing participants to respond at the most convenient time, and f) traveling time
is not required and all responses are anonymous (Delberg, et al, 1979: 90). As in the case of
the free exchange of views, anonymity helps avoid undesirable psychological effects and thus

allows a more valid set of outcomes.



CHAPTER 3
METHODOLOGY

This research consists of three parts: (a) soliciting the dimensions of scientific literacy
from expert groups of science professors, science educators, science teachers, engineers,
medical doctors, business and industry employees, and government officials; and analyzing the
perceptions of scientific literacy from the above expert groups, (b) developing scientific literacy
test items from the perceptions of these experts groups, and (c) evaluating the level of
scientific literacy of Thai students. In the following sections, descriptions will be made on:

1.  The population and sample
2 Instruments
3. Data collection
4. Data analysis
5

Statistics

1. Population and Sample

The population of this study was divided into two groups: the first group are expert
groups: science professors, science educators, science teachers, engineers, medical doctors,
business and industry employees, and government officials; the second group are Thai
students who studied in pilot schools and participating schools.

1.1 Selection of Expert groups

The expert groups were asked for their perceptions on scientific literacy that
Thai students should know. These expert groups were science professors, science educators,
science teachers, engineers, medical doctors, business and industry employees, and
government officials. The perceptions on scientific literacy from each group are cross
compared. These participants will be selected by nominations of people or by researcher with
some experts’ advice. Nominators were identified from universities, the institutes for the
promotion of teaching science and technology, schools, hospitals, business and industries, and
government departments, Each nominator was asked to provide a list of possible experts that

could participate in this study. The identified experts were contacted by phone or mail to see if
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they would be willing to participate. A totai of 29 experts were the targets of this study. The
Delphi technique was be used.

1.1.1 The science professors are currently working in universities in Thailand,
Three public universities and institutions were randomly selected, The rectors of these
universities were contacted by letters, stating an outline of study, for permission to contact the
department chairpersons to recommend names of at least three science professors who were
teaching or conducting research in science and were considered knowledgeable about scientific literacy.
In each university, one professor in life science and one in physical science were selected.
These professors were contacted by letter and asked them to participate in the study. All together,
there were 3 life science and 3 physical science professors.

1.1.2 Experts in science educators were selected from 3 universities that had
science education departments. The department chairpersons were contacted by mail. The
letters described this research and asked each of them to recommend the names of at least
two science education professors who were teaching and conducting research in science
education and also were considered to be knowledgeable in scientific literacy. Three science
educators, one from each university were selected from the list provided. In addition, the
Director of the Institute for the Promotion of Teaching Science and Technology (IPST) was
contacted by mail, asking him to provide the name of 5 science educators in IPST from the
depariments of elementary science, secondary science, chemistry, physics and biology, to
participate in this research.

1.1.3 Three science teachers were selected; an academic science teacher, a
national science teacher and a master science teacher. The school directors were asked for
permission to let these science teachers participate in this research.

1.1.4 Three engineering professors came from the universities that had schools of
engineering. Three universities were selected and each dean of the engineering school was
requested to recommend the names of at least 2 engineering professors. The engineering
professors were asked to participate in the research. If one of them was unable to participate,
then another professor from the same faculty was contacted.

1.1.5 Three hospitals were selected, and one medical doctor came from each
hospital. In this case, the director of each hospital was asked to recommend at least two of his

medical doctors. Then ane of them was selected and contacted by mail asking him/her to
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participate in the research and if one of them was unable to do, another person from the same
hospital would be contacted until three doctors can participate in the study.

1.1.6 Three business and industry employees came from the industries. In this
case three industries were selected, and then the director of each industry recommended at
least two people. Then one of them was selected and contacted by mail asking him/her to
participate in the research, and if anyone was unable to participate, another person from the
same industry would be contacted until three business and industry employees could
participate in the research.

1.1.7 Government officials were those who were working in the government
departments. Three departments were selected and the chairperson of each government
department was asked to recommend the names of at least two government officials. Then one
of them was selected and contacted by mail, asking him/her to participate in this study. If any
one was unable to participate, another person from the same department would be selected
and asked to participate until three government officials could participate in the research.

In conclusion, the sample of expert groups that participated in this research were
composed of 29 persons: 6 science professors, 3 science educators from universities and 5
from IPST, 3 science teachers, 3 engineering professors, 3 medical doctors, 3 business and
industry employees, and 3 government officials. According to Delphi studies, none of the
participants will not know the other participants in order to avoid bias or the influence of each
other. A study should be of three rounds.

Gender, highest degree held, working position, working experience, and the expertise of
experts were documented.

1.2 Population and Research Sample

The populations were students who studied grade 9 in pilot schoois (5 schools)
and participating schools (144 schools) in the Bangkok metropolis and its vicinity. All together
the totat schools for pilot schools and participation schools were 149 schools.

The sample schools were selected from Bangkok, Chachoengsao, Nakhon Pathom,
Nonthaburi, Pathum Thani, Samut Prakan and Samut Sakhon. These schools are under the
General Education Department, the Primary Education Commission (ONEC), and the Private
Education Commission (OPEC). The population schools were classified into 3 groups, as

mentioned above, then the schools were randomly sefected. Twenty schools from Bangkok,
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Chachoengsao, Nakhon Pathom, Nonthaburi, , Pathum Thani, Samut Prakan and Samut
Sakhon were samples.
Numbers of the students were determined by using Taro Yamane table. From Taro
Yamane table, if the population is more than 100,000 persons, the sample size should be 900
people (x 5%). Therefore, the total numbers of the students for this research were 1135
students. One class (50 students) of each school was randomly selected. However, if schools
had less than 50 students in one classroom, 2 classrooms were randomly selected. If some
schools had less than 50 students in 9 grade, then all of them were selected.
School directors were contacted by mail, and asked to participate in this study.
Responses were requested within two weeks. If they did not respond, the schools would be
contacted by phone. If some schools were unable to participate, other sampling schools would

be selected.

2. Instruments
2.1 Scientific Literacy that Thal Students Should Know.

The Delphi method was used in this study. According to Delphi method,
three round processes were used. In this section, the details on Delphi technique are
explained.

Round 1

An open-ended questionnaire was used in the first stage. This questionnaire
was prepared by the researcher, along with a team of science and teacher educators. Current
science education reform documents, such as Science for All Americans, Benchmarks for
Scientific Literacy and PISA projects were used as guidelines in order to question expert
groups. Participants were asked to list ideas about what areas of scientific literacy Thai
citizens should know (see Appendix A) under three separate headings:

1. a vocabulary of scientific terms and concepts.

2. an understanding of the process of science.

3. an awareness of the impact of science and technology on individuals and

on society.
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Participants were reminded that this study did not only seek their views of what
science content Thai citizens should know, but also they were be urged to write, in as much
essential detail as possible, what Thai people should know in following three dimensions;
scientific knowledge, scientific process and awareness of the impact of science and technology.
In each component, participants were be requested to expand their thinking so as to:

a. State each idea clearly in detail.

b. State why they thought that knowledge was essential for Thai people to
know. The data from the first round was analyzed and summarized into themes, which were
used to develop the questionnaire for round 2.

Round 2

In this stage, the questionnaire was a summary of themes and their titles from
round 1. Respondents were required to do the following:

a. Rate the importance of each categorized response from round 1 ona 5
point Linker scale (where a score of one means strongly disagree and 5 means strongly agree).

b. Pricritize the theme as ‘essential,’ ‘desirable,” or ‘optional’ for the scientific
literacy.

c. Commended on the summary of each theme

d. Made any comments for emerging similar or related themes.

In round 2, the participants compared their views with the others about what scientific
literacy Thai citizens should know. They were encouraged to consider, commend and rank
these scientific literacy themes. Panels were asked to rate each theme on a 5 point Linker
scale. Moreover, participants were requested to indicate a justification for their rating why
these ten themes were important. Assign a value of “10" for the most important, “9" to the less
importance, and so on. The least important was assigned a value of “1” (Delbecq, et al.1975:
98).

The goal of this round was to identify themes for which each participant viewed. The
overlap and repetition was eliminated in the second round. Moreover, participants’ views were
sought out for the possible merging of individuals themes articulating similar ideas across 3
dimensions: scientific content, science process skills and the application. After merging,

resulting themes were recommended for round 3.
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Round 3

The goal of this stage was to determine if there was any consensus among
the panels. The questions in round 2 were be analyzed and merged by using mean and mode
and standard deviation of each participant. Participants were asked to review their responses
and express their judgments on those important themes by using the same rating scale. They
could write any comments they had. In this round, the questionnaire format was be easy for
respondents and needed only 30 minutes to do (Delbecq et, al : 1975 : 104). Therefore, some
themes in questions from round 2 were eliminated. The themes in round 2 that had a mean
rating of more than 3.6 or mode of 5 were used in the third round. It was essential for
research to decide on an appropriate inform about the lower level of percentage of participants
responses that were consented. However Osbone & et, al. (2003 : 700) used two - thirds or
66 percent, rating theme as 4 or above on the five - Linker scale. Then on this study, the
criterion as Osbone & et, al. had been used in 2003 was used. Osbone & et, al : (2003) used
standard deviations to determine consensus of themes. It was said that if the standard
deviation was less than 1.0, it indicated a high level of consensus (p 700). Therefore, if the
result of the second round showed that all of the themes were in consensus, then the Delphi
study wouid be longer continued.

The data from round 3 was analyzed by the same method used in round 2. The
results would be clear and easy for everyone to understand, although they did not know about
the Delphi method. The results from the Delphi study were the answer for the first research
questions which were the perception of scientific literacy Thai students shoutd know from each
expert group and across the groups. The results of Delphi study was used to develop scientific

literacy test items.

2.2 Development of Scientific Literacy Test items
The scientific literacy test items came from the conclusion of the Delphi study
mentioned above. In this section, the development of test items was discussed. Scientific
literacy tests were used to find out the level of scientific literacy in Thailand. One of the
influences in scientific frameworks, as Lugksch (2000 : 87) mentioned, was a method of
measuring scientific literacy (see Figure 2.2 in chapter 2). Measuring scientific literacy was

very difficult, because there were many definitions of scientific literacy, which influence scientific
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literacy measurement. Lugksch (2000 : 87) argued that there were at least three different
groups of people measuring scientific literacy: sociologists of science, social scientists and
public opinion researchers and science educators. However, Miller (1983 : 31) used three

dimensions of scientific literacy for measurements;

- A vocabulary of scientific terms and concepts.
- An understanding of the process of science.

- An awareness of the impact of science and technology on individuals and on society.

In the same way, Lugksch (1996a : 27, 1996b : 336) used the same three dimensions as
Millers to develop the basic scientific literacy test items. In this study, scientific literacy test
items were developed by the researcher. This section explained how scientific literacy test
items were developed. Hambleton (1984 : 201 ) stated that there were many steps in
developing test items and making them valid. However, this process did not guarantee that the
items developed would be valid. Therefore, it was essential to find out the validity of test items.
Hambieton {1984 : 201-202) concluded that there were 12 steps in the development of test
items: preliminary considerations, objective review , item writing, assessment of content validity,
revisions of test items, field test administration, revisions of test items, test assembly, selection
of standards, pilot test administration, preparation of manuals, and additional technical data
collection. In this study, the researcher developed the scientific literacy test items partly under
the pattern of Hambleton;
The processes of developing scientific literacy item tests were presented as follow:

2.2.1 The results of Delphi study were analyzed. The scientific literacy item tests
of the 9 grade were developed. These emphasized the scientific knowledge, the process of
science, and the awareness of the impact of science and technology. The results of the
themes of scientific literacy that ninth — grade students should know from the Delphi study were
used to develop scientific literacy item tests. These were designed to assess 9 grade students
performance along four stands of science: Life Science, Physical Science, Earth and Space
Science, and Nature of Science.

222 The researcher developed scientific literacy test items under Miller's
dimension of scientific literacy. The tests were multiple choices, true and false, and short

answer. As Hambleton (1984 : 201) stated that ‘“identify a sufficient pool of judges and
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measurement of specialists.” The method ‘index item-objective congruence’ (I0C) was used to
evaluate the test items. The index of item—objective consistence (I0C) was calculated. In the
process of index item-objective congruence, questions were approved by seven experts, who
were experienced in teaching science and developing science curriculum in terms of content
validity, scientific literacy dimension and language. After test items were determined whether
they matched the objective, then they were reviewed. The test items represented the scientific
literacy. The process of this development was free from bias.

2.2.3 The tOC of the questions, which scored above 0.70 was selected by the
researcher and evaluated for validity and reliability of the tests.

2.2.4 The first draft of scientific literacy items were piloted with grade 9 students.
They were asked to give comments and the time of doing these tests were noted. These
comments were useful for evaluating and improving test items. During this stage, some editing
of the test items was necessary. Then the tests were prepared for tryout.

2.2.5 The tests were tried out with 240 grade nine students. They were 120
students from Satrii Samut Prakarn, Samut Prakarn Provinve, and 120 students from
Sanguanying School, Supanbure Province. The pilot tests were evaluated for the difficulty (p),
the discrimination (r) index, reliability and validity, Then the questions were selected, using the
criteria of the difficuity (p) index between [0.2. 0.8] and the discrimination (r) index above 0.20,
and the reliability of the scientific literacy item test criteria more than 0.70. This time the final
revision was based on data from pilot tests. They were then ready to use.

2.2.6 The short answer tests were rated by using the inter relationship between
two ratings. The Pearson product Movement Correlation Coefficient was used to test the
significance of the correlation.

A pilot test was designed. Students were chosen from grade 9 for the test. Test
manuals and instructions were prepared. Through a series of these preparations, the scientific
literacy test items were developed again and were used to generate data for research

questions numbers 2, 3, 4 and 5.
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3. Data Collection

Level of Scientific Literacy
The researcher contacted the sample schools and asked them for their schedule
in order to prepare the test. During this sampling period, the schools were contacted by mail or
phone (if necessary). Scientific literacy tests were sent to the schools by the researcher. The
process of testing was completed in one month, and the schools administered the test using
the test manuals provided. The schools then returned ail questionnaires and answer papers to

the researcher.

4. Data Analysis
4.1 Analysis of the Delphi study

The scientific literacy that 91h grade students should know was analyzed by
using the mean, mode, and standard deviation. The standard deviation of the consensus
themes were lower than 1.0 (Osborne & et, al : 2003 : 700), which indicated that themes were
of high consensus.

4.2 Analysis of Scientific Literacy Test

Reliability was used to find out the Scientific Literacy Test ltems of the research
instrument. The statistic used in this processed were:

421 Kuder - Richardson Formular 20:

The KR 20 was used to measure the test according to Gronlund

(1985 : 93) who stated that:

The Kuder-Richardson Formula 20, is based on the proportion of persons passing each
item and the standard deviation of the total scores. The computations are rather

cumbersome, unless information is already available concerning the proportion passing
each item, but the result is equal to the average of ali possible spiit-half coefficients for

the group tested.

This statistic measured test reliability of inter-item consistency. A higher value indicated a
strong relationship between items on the test.

4.2.2 Cronbach's Coefficient Alpha: This statistic was used for analyzing the
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scientific literacy test items of the second part (true and false) and third part (short answer) of
scientific literacy item tests. The Coefficient Alpha had a maximum value of 1.00. The larger
the overall alpha coefficient, the more likely that items contributed to a reliability scale. Nunnaily
and Benstein (1994) suggested that an acceptable value of alpha coefficient was 0.70
4.2.3 Hem difficulty (P): This statistic was used to classify the difficulty of each
item of scientific literacy. The P value was the proportion of respondents who selected the
right answer to that question. The item difficulty between 0.20 — 0.80 was selected.

4.2.4 Discrimination index (r): This statistic was used to measure the extent
to which scientific literacy item tests were responded. It was used to separate differences
between individuals who attained a high score and low score. The discrimination value was
between -1.00 to 1.00, however the discrimination index that needed to select was greater or
equal to .20.

4.2.5 Content validity by index of item objective congruence {(IOC) was applied.
Hambleton (1984 : 201) stated that “identify a sufficient pool of judges and measurement of
specialists.” The method ‘index item-objective congruence’ (IOC) was used to evaluate the test
items. The 10C greater than 0.70 was selected.

426 The P - Biserial {PBis) correlation coefficient indicated the relationship of
performance on item with performance on the subtest. The PB is also told about the
contribution from the item to the predictive validity of the total test. According to Ebel, in 1965,
he suggested that the strength of relationship for biserial correlations of .40 and above
indicated very good item, 0.30 - 0.39 indicated good and below 0.30 indicated poor.

427 Intra — rater consistency: This was used to analyze the score rating by

the same rater in different time.

5. Statistics
5.1 Collecting information of scientific literacy that Thai students should know. This
study used basic statistics:
5.1.1 mean
5.1.2 mode
5.1.3 standard deviation

5.2 Developing the scientific literacy test items.
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5.2.1 Difficulty index {P) and discrimination index (r} of scientific literacy test items

Where P was difficulty index of each item
R was total right items

N was total of students

r = (Ru-RI
f

Where r discrimination index of each item

Ru = total of students in strong group
Rl = total of students in weak group
f =

total of students in strong group or weak group which

are equal

5.2.2 Content validity by index of item objective congruence {IOC)

[0OC = R
N
IOC = index of item objective congruence
R = total of expert’s opinion
N = total of experts of content

5.2.3 Reliability of the test by KR20 (Kuder-Richardson)

The Kuder_Richardson 20 was an estimate of the test's reliability. It varied

between 0.00 and 1.00. The Kuder_Richardson 20 coefficient was calculated by

KR20 =% [I_Epﬂ
k-1 SDr

Where KR-20 was the Kuder Richardson 20 reliability estimate of the test,

assuming dichotomous answers (answers containing only two choices, ie., correct or incorrect).
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k was the number of items in the test,
p was the proportion of students who answered the item correctly,
q was the proportion of students who answered the item incorrectly and

SDt was the standard deviation of the test

5.2.4 Cronbach Alpha Coefficient
Cronbach’s Alpha can be used as a measure of internal consistency, It
was a measure of squared correlation between observed scores and true scores. Put
another way, reliability was measured in terms of the ratio of true score variance to
observed score variance. The Cronbach alpha equal to 1.0 when the total score variance
was perfectly attributable to the common factors running through the test items. Cronbach

Alpha Coefficient was calculated by
2.2
k”sy

k?s? +ks.

Uy

res

k was the number of items in the group.
kSz,‘,s was variance of residual components, which can not be

controlled,

2 .
S , was the variance component for person

5.2.5 Intra — rater consistency
The Person correlation was used to test the score rating for the same

answer by the same rating in the different time.

5.3 Statistics for Hypotheses Testing
Two statistics were used to test the Hypotheses in this study.

5.3.1 Independent t-test technique was used to test the second, third and fifth

hypotheses: compare the level of scientific literacy between the students in Bangkok and its
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vicinity, between the pilot schools and participating schools, and between boys and girls. The
SPSS program for Windows was used to test the significance.

5.3.2 One — way ANOVA was used to test the fourth hypotheses, compare the
scores of scientific literacy between the students in Department of General Education(DGE),
The Office of the National Primary Education Commission (ONPEC), and the Office of the
Private Education commission (OPEC) The SPSS program for Windows was used for statistics
analysis.

In addition, the basic statistics, such as mean, mode, and standard deviation, were

used for analyses.



CHAPTER 4
FINDINGS

This chapter presents the findings of the scientific literacy that Thai students should
know. The findings are presented in the following order: 1) the Delphi study and the results,

2) the scientific literacy item test development, 3) students scientific literacy evaluation.

Conduct of the Delphi study and Analysis of the results

There were three rounds of Delphi studied. The study started with the
questionnaire {Appendix 2} to the science teachers during their professional development
time in March and April 2004. Then the questionnaires were analyzed and prepared for the

first round.

1. Round 1

The first stage of the study began in August, 2004, By using semi open —
ended ‘brainstorming’ guestions, participants were asked to list ideas about what areas of
scientific literacy Thai citizens should know (Appendix 3) under three separate headings:

1.1 a vocabulary of scientific terms and concepts

1.2. an understanding of scientific process

1.3. an awareness of the impact of science and technology on individuals
and society

For each component listed, participants were requested to indicate whether they

agreed or disagreed with each topic, and also to describe each idea. This first round of the
Delphi study elicited extensive comments from most participants. All of these responses
were coded and analyzed. Thirty-seven themes emerged from the analysis, and a

summary was composed for each theme.

2. Round 2

The round 2 questionnaire presented the titles and summaries of the 37 themes as
shown in Table 18 (appendix 4). In the second round, participants were required to rate the
importance of each categorized response from round 1 on a 5 point Likert scale (where a

score of 1 indicated strongly disagree and 5 represented strongly agree). In this round,
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participants were also asked to write a justification for their rating and make comments
about the title of the themes. The reflections of the participants were then summarized.

Consensus and stability

Means, modes, and standard deviations for each theme were calculated by using
a five — point scale (Table 1). It was found that all 37 themes in round 2 had a mean (M)
more than 4, indicating they were viewed by the participants as important or very important.
However, a total of 27 themes had a mean more than 4.5 which indicated that participants
viewed these themes as very important. From table 1, it showed that all of 37 themes had
a standard deviation (SD) less than 1.0, which indicated that all 37 themes were
consensus. Because the Delphi technique was used to make a consensus of the topic
studied, findings from round 2 indicated that all of 37 themes were consented, therefore
round 3 was no longer needed. All of the themes were used to develop the scientific

literacy item tests.

TABLE 1 THEMES FOR ROUND 2 OF DELPHI STUDY, INCLUDING THE RATINGS
GIVEN BY PARTICIPANTS.

Theme Title and summary Mean Mode S.D.
The fundamental unit of living organisms 4.7.0 5 63
The organ systems of living organisms 4.78 5 52
Photosynthesis 4.87 5 34
Drugs and the functioning of organ systems 4.74 5 45
Passing on genetic traits 4.35 5 .88
Genetic diseases 452 5 79
Evolution of living organisms 4.39 5 .66
Nutrients and Living 4.78 5 42
Biodiversity 4.43 5 .66
Biotechnology 435 5 .83
Utilization of natural resource 4.83 5 39
Problems of local natural resource 4.74 5 54
Water recovery technology 4.09 5 90
Substances’ properties and classification 457 5 .59
Radioactive elements 4.39 5 T2




TABLE 1 (continued)
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Theme Title and summary Mean Mode S.D.
Transition of states of matters 452 5 51
Solution 4.70 5 .56
Properties of acids and bases 4.78 5 42
Chemical reactions 457 5 .51
Chemicals in daily lives 4.87 5 .34
Motion 4.50 5 66
Gravity 4.65 5 57
Friction 4.65 5 .65
Moment of force 4.39 4 g2
Relationship between work and energy. 4.52 5 .59
Electrical energy 4.83 5 38
Heat energy 4.57 5 59
Light and vision 4,70 5 A7
The resuits of energy consumption and environment 4.57 5 .66
Dynamics of the Earth crust 4.43 5 .66
Local geological resource 457 5 51
Soil and utilization 4.74 5 45
Rocks and utilization 452 5 67
Air and water 4.74 5 45
The solar system and its effects to living organisms on Earth 4.48 5 .59
Stars and star clusters 435 5 78
Advances in space technology and their application 452 5 51

Development of scientific literacy item tests

The experts who participated in Delphi study agreed on 37 importance themes for

Thai students, These themes were then used to develop scientific literacy item tests for

evaluations of grade 9 (M 3) students. Scientific literacy test items were written into three

types: multiple choice, true and false, and short answer tests.

ltems were given to 7

experts to evaluate, to correct for grammar, scientific knowledge, and science process

skills.
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1. The first draft of scientific literacy items were piloted with grade 9 students.
Students were asked to give comments, and the time of doing these tests were noted.
These comments were useful for evaluating and improving test items. During this stage,
some editing of the test items was done

2. The researcher developed 100 items of the scientific literacy test under Miller's
dimension of scientific literacy. These questions were approved by seven experts, who were
experienced in teaching science and developing science curriculum, in terms of content
validity, scientific literacy dimension and language. The index of Item - Objective
consistence (IOC} were shown in appendix 5

3. The IOC of 80 questions with a score above 0.70 were selected by the
researcher and evaluated for the validity and reliability. Test items were edited and revised.
Some additional scientific literacy test items were added, and followed the steps mentioned
above.

4. The 80 guestions were tried out with 240 students studying in the 9" grade.
They were 120 students from Satrii Samut Prakarn, Samut Prakarn Province, and 120
students from Sanguanying School, Supanburi Province. The level of difficulty (p) and the
level of discrimination (r} are show in Appendix 5

5. The scientific literacy item tests were selected using these criteria. The 25
items for part 1 {(multiple choice) were selected by using the criteria of the difficulty index (p)
between [0.2. 0.8] and the discrimination (r} index of the data greater or equal to 2.0. The
25 items for part 2 and 27 items for part 3 were selected (appendix 5). The total of strands

and the three dimensions of the scientific literacy test items are shown in table 2
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TABLE 2 THE STRANDS AND THE THREE DIMENTIONS OF SCIENTIFIC LITERACY
TEST ITEMS

Scientific Scientific Awareness of Approximate % of
Strands Totals
Knowledge process Scientific Test

Life Science 12 9 7 28 36.4
Physical Science 14 7 7 28 36.4
Earth/Space

. 9 2 4 15 19.5
Science
Nature of Science 3 1 2 6 7.7
Totals 38 19 20 77 100
Approximate % of

434 247 259 100

Test

6. Field test administration, test items were prepared for pilot testing. Students in
grade 9 were selected to participate in the field test. Then the results were analyzed for
reliability and validity. The final revision was based on data from pilot tests. They were
then ready to use.

7. Preparations of manuals, in this step, test manuals and instruction were
prepared. Through a series of preparation steps, the scientific literacy test items were
developed again and these test items were used to generate data for research questions 2
, 3 and 4.

Scientific literacy test items

The first hypothesis was to develop test items in order to assess scientific
literacy. The tests were conducted by using the 37 themes from the experts’ consensus on
scientific literacy for Thai students. These tests were written into 3 types of questions:
multiple choices, true and false, and short answer.

1. The first part of the test was multiple choice. There were four choices; the total
of the test items were 25 items. Table 3 shows the result of the statistics of the multiple

choices.
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TABLE 3 THE STAISTICS OF THE FIRST PART, MULTIPLE CHOICES.

MEAN sD VAR
TEST SCORES 30.558 3.819 14.585
DIFFCULTY 0.619 522 273
DELTA. 11.605 T 2.206 4.867
ITEM RELIA 0.200 0.059 .003
BISERIAL RBIS 0.449 0.135 0.018
POINT-BISERIAL PBIS 0.342 0.102 0.010
P 15.479

KR-20 = 0.700

The data from Table 3 indicated that mean of the first part of scientific literacy tests
items was 30.558, and the difficulty (item Difficulty :p) was 0.619. The 25 items were
classified into three categories: 28 % (7 items) showed a difficulty (p) between 0.20 - 0.40,
20 % (5 items) were 0.41 — 0.60, and 0.52 % (13 items) were 0.61 — 0.80. The data from
Table 2 showed that the PBIS was 0.342, which indicated that these test items were good.
The KR - 20 was 0.700, which indicated that these items were efficient for measuring
scientific literacy.

2. The second part of the test was true and false questions. This part was
composed of 25 true and false items. By using the Classical technique model, 27 %
Upper-Lower group, it was found that the mean of item discrimination, Item-test correlation
(r), was 0.350 and the correlation (t) of these 25 items showed a significance of 0.05 alpha
level. Table 4 indicated that the Alpha Coefficient was 0.701. However, when using the
Rash Model, it was found that the Sample reliability of item separation was 0.951, and the
test reliability of subject separation was 0.707. According to the Rash Model, when the
Sample reliability of item separation and the test reliability of subject separation are nearly
equal to 1, this indicates good. Therefore, the Alpha Coefficient, Test reliability of subject
separation, and Sample reliability of item separation in this study showed that the second

part of the scientific literacy was sufficient to evaluate the students.
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TABLE 4 THE RELIABILITY OF THE SECOND PART, TRUE AND FAULT.

Refiability
Alpha Coefficient 0.701
Test reliability of subject separation 0.707
Sample reliability of item separation 0.951

3. The third part of the test was short answer questions. Students needed to

read and write short answers. A total of 27 items were selected and statistics are shown in
Table 5

TABLE 5 THE RELIABILITY OF THE THIRD PART,SHORT ANSWER.

Reliability
Alpha Coefficient 0.823
Test reliability of subject separation 0.904
Sample reliability of item separation 0.964
Person Correlaticn 0.996*

Alpha = 0.05 One —tailed

The third part of the test items was short answer questions. This part was
composed of 27 items. By using Classical technique model, 27 % Upper-Lower group, it
was found that the mean of item discrimination, Item-test correlation (r} was 0.432 and the
correlation (t) of these 27 item showed a significance of 0.05 alpha level. The table 5
indicated that the Alpha Coefficient was 0.823. However, when using the Rash Model, it
was found that the Sample reliability of item separation was 0.964 and the test reliability of
subject separation was 0.904. According to the Rash Model, when the Sample reliability of
item separation and the test reliability of subject separation is nearly equal to 1, this
indicates a good reliability. The Person Correlation of .996 is significant at the 0.1 level.
This indicated the inter-consistency of the answer by the same rater at different time was

consistent.
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Therefore, the Alpha Coefficient, Test reliability of subject separation, and Sample

reliability of item separation showed that the third part of the scientific literacy was sufficient

to evaluate the students.

TABLE 6 THE SCIENTIFIC LITERACY ITEM TESTS AND THEIR STATISTICS

Part 1 Part 2 Part3

Number of items 25 25 27
Score 50 50 84
Mean 30.558 39.068 45.5398
Mean of item test correlation - 0.3500 0.4317
Difficulty 0.619

KR-20 .700 - -
Biserial (RBIS} 0.449 - -
Point — Biserial (RPB) 0.342 - -
Test reliability of subject separation - 0.707 0.904
Sample reliability of item separation - 0.9561 0.964
Test Reliability (Alpha Coefficient) - 0.701 0.823
Person Correlation 0.996

in conclusion, the scientific literacy test items were constructed and analyzed,
as shown in table 6. The scientific literacy test items were divided into three parts: multiple
choices, true and false, and short answer. All of those scientific literacy test items (appendix

6) were used to evaluate students in Bangkok Metropolis and its vicinity.

The data collection

According to the process of scientific literacy development, the scientific literacy
test items were developed into three parts: multiple choice, true and false, and short
answer. These test were used to evaluate the students who studied in the Bangkok
Metropolis and its vicinity. Twenty schools were randomly selected as research samples
from Bangkok, Chachoengsao, Nakhon Pathom, Nonthaburi, Pathum Thani, Samut Prakan
and Samut Sakhorn. After the schools were selected, the school directors were contacted
and asked to participate in this study. The names of schools are shown in table 7. A total

of 1135 students were used. The scientific literacy tests were carried out during February
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and March 2005. Then, the collected data were analyzed by using the SPSS program

version 10 for Windows. The resuits of the study are shown in Table 8.

TABLE 7 SCHOOL WHICH PARTICIPATING IN STUDY

School names Provinces Departments

1 Wat Suthivararam Bangkok DGE

2 Samsen Wittayalai Bangkok DGE

3 Saintcabreal Bangkok OPEC
4 Wattana Wiitayalai Bangkok OPEC
5 Sacred Heart Convent Bangkok OPEC
6 Ratvinitbangkean Samut Prakan DGE

7 Khad Ommara Ousan Luk Wittaya Samut Prakan DGE

8 Satrii Samut Prakarn Samut Prakan DGE

9 Wat khean Kat Pathum Thani ONPEC
10 Bang bua thong Nonthaburi DGE

11 Charean Phra Kean Somdeaj Pra Sri Nakarin Samut Sakhorn DGE
12 Onnalai Samut Sakhorn OPEC
13 Wat Khai Ban Bo (Ban Bo Rat Bom Rung} Samut Sakhorn ONPEC
14 Bang Nao Brean Chachoengsao DGE

15 Prathumthani Nanthamuni Pathum Thani DGE
16 Wat Pikulngan Nonthaburi ONPEC
17 Chumchan Wat Chai Noi Nonthaburi ONPEC
18 Pang Yang Wattayakom Chachoengsao DGE
19 Pay Hao Samut Prakan OPEC
20 Chumchan Prachatiput Wattayakan Pathum Thani ONPEC

Result of the study

The results of the scientific literacy of students from twenty schools in Bangkok

metropolis and its vicinity (Chachoengsao, Nakhon Pathom, Nonthaburi, Pathum Thani,

Samut Prakan and Samut Sakhon) are shown in the Table 8.
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TABLE 8 THE RESULTS OF THE SCIENTIFIC LITERACY TEST OF THE STUDENTS
WHO STUDIED IN M 3 OF THE SCHOOLS IN BANGKOK AND ITS VICINITY

Schools Mean SD Median Min Max

1 Wat Suthivararam 125.85 2113 127.00 71 160
2 Samsen Wittayalai 137.85 10.27 139.50 114 157
3 Saintcabreal 138.96 18.82 1390.. 90 169
4 Wattana Wittayalai 128.35 16.656 129.00 86 169
5 Sacred Heart Convent 114.86 19.65 118.00 68 145
6 Ratvinitbangkean 128.46 18.36 130.00 78 163
7 Khad Ommara Ousan Luk Wittaya 116.32 1548 118.00 65 157
8 Satrii Samut Prakam 127.51 1224 127.00 94 151
9 Wat khean Kat 103.50 15.86 104.00 53 144
10 Bang bua thong 112,12 14.39 109.00 86 148
11ChareanPhraKeanSomdeajPraSriNakarin  111.44 1524 111.50 72 140
12 Onnalai 9963 15.05 9700 58 135
13 WatKhaiBanBo(BanBoRatBomRung) 89.15 19.66 8950 46 128
14 Bang Nao Brean 9755 17.23 9900 54 140
15 Prathumthani Nanthamuni 97.55 2010 96.00 42 153
16 Wat Pikulngan 97.58 23.85 103.00 40 131
17 Chumchan Wat Chai Noi 117.24 18.02 122.00 81 148
18 Pang Yang Wattayakom 85.48 17.01 8850 50 130
19 Pay Hao 106.55 21.08 110.50 45 144
20 Chumchan PrachatiputWattayakan 8665 17.21 8500 46 124
Total 109.33 23.69 110.00 40 169

The results in Table 8 indicated that the mean of the 20 schools was 109.33 and
the Standard deviation (SD) was 23.69. The maximum score was 169 and the minimum

was 40. The following sections illustrate the results of the study
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Hypothesis |I: scientific literacy scores of the students in the Bangkok Metropolis
and its vicinity were different.
The scores of scientific literacy of students in the different school locations of the

Bangkok metropolis and its vicinity are shown in Table 9.

TABLE 9 TEST SCORES OF THE STUDENTS FROM DIFFERENT SCHOOL LOCATIONS

Sources of data n M SD df t p

Schools from Bangkok 313 127.99 19.67 1133 18.729"* 000

Schools from vicinities 822 102.23 21.09

t (o ar 1135 = 1.960 df=n-2  p = probability

The t-test result of scientific literacy of the students who studied in the
Bangkok metropolis and its vicinity showed that the mean scores were significantly
different at 0.05 level. This indicated that students who studied in Bangkok and its vicinity
had scientific literacy differences. The data showed that students in Bangkok schools had
a higher mean score (25.76) of scientific literacy than the students in schools in the
vicinity, such as, Chachoengsao, Nonthaburi, Pathum Thani, Samut Prakan and Samut

Sakhon, This result supported the hypothesis Il.

Hypothesis Ill: Scientific literacy scores of the students from pilot schools and
participating schools were different.
Students scores of scientific literacy in pilot schools and participating schools of the
Bangkok metropolis and its vicinity are shown on Table 10.
The t-test result of scientific literacy of the students who studied in pilot schools
and participating schools showed that mean scores were significantly different at 0.05
level. This indicated that students who studied in pilot schools and participating schools
had different scientific literacy. The data showed that students in participating schools had
a higher mean score (11.65) of scientific literacy than the students who studied in pilot

schools. These results was supported the hypothesis |l
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TABLE 10 DESCRIPTIVE DATA AND T-TEST RESULT OF TEST SCORES
ACCORDING TO DEPARTMENT OF THE SCHOOLS

Sources of students n M SD t Sig
Pilot school 236 100.11 21.77 6.853" 000
Participating school 899 111.76 2359
total 1135

t (0s;df1135y = 1.960 df=n-2

Hypothesis VI: Scientific literacy scores of students in the Department of General
Education (DGE), the Office of the National Primary Education Commission (ONPEC)
and the Office of the Private Education Commission (OPEC) were different.

Table 11 is presented to illustrate the different scores of scientific literacy of the
students according to the school type. The data showed that the mean scores of scientific
literacy of students in schools under OPEC were 119.87, which was higher than the students
scores in schools under DGE, 109,97, and schools under ONPEC 96.00. The One — Way
ANOVA technique was used to determine if the scores of scientific literacy according to the

type of schools were significantly different. The results are shown in Table 12.
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TABLE 11 DESCRIPTIVE INFORMATION OF TEST SCORES ACCORDING TO SCHOOL

TYPE
School departments n M SD
DGE 629 109.97 2260
ONPEC 241 86.00 21.37
OPEC 265 119.87 2264
Total 1135 109.33 23.69

TABLE 12 ANOVA RESULTS OF TEST SCORES ACCORDING TO TYPE OF SCHOOLS

Sources df S8 MS F p
Between groups 2 71952.687 35976.344  72.144" .000
With if groups 1132 564496.088 498.671

Total 1134 636448.775

Fios: df2, 00y = 3.00

Regarding the students’ scores in different types of schools, the ANOVA analysis
indicated that the F- test was significant at 0.05 level, which indicated the scientific literacy
of students in each group was different. The results of scientific literacy scores according to
the school type are shown in Table 13.

The data from Table 13 indicated that 377.63 was greater than the criteria
calculation data, which was 65.21. This indicated that the scientific literacy scores of the
students in OPEC were significantly different from the ONPEC school students’ at 0.05
level. Comparing 191.17 with 65.21, which was the criteria calculation data, it was greater
than the criteria. This indicated that scientific literacy scores of students in OPEC schools
were significantly different from the DGE school students’ at 0.05 level. Comparing 259.14
with 61.86, it was found that the calculation. data were greater than the criteria data. This
indicated that scientific literacy scores of students in DGE schools were significantly

different from the ONPEC School students' at 0.05 level.
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TABLE 13 COMPARISON RESULTS OF TEST SCORES ACCORDING TO TYPE OF
SCHOOLS

School type ONPEC DGE OPEC
n 241 629 265
Mean 96.09 109.97 119.87
ONPEC 96.09 - 259.14* 377.63*
DGE 109.97 - 19117~
OPEC 119.87 -
p 2 3
Rp 2.77 2.92
SSRp 61.86 65.21

Rp = Least significant studentized range

SSRp = significant studentized range = rp(MSEln)"2

When comparing the different scores between the two groups by the Duncan
method, it was found that the scientific literacy mean scores of OPEC school students were
higher than DGE school and ONPEC school students’, and the mean scores of DGE school
students were higher than the ONPEC schoot students,” with a significant difference at 0.05
level. In conclusion, the mean scores of the OPEC school students were higher than DGE
school students’ and ONPE school students’. The mean scores of DGE school students
were higher than the ONPEC schools,’ respectively. Therefore, this result supports
Hypothesis VI, which was Scientific literacy scores of students in Department of General
Education (DGE), the Office of the National Primary Education Commission (ONPEC) and
the Office of the Private Education Commission (OPEC) were different.

Hypothesis V: The level of scientific literacy among girls and boys was the same.

Scientific literacy mean scores of the boys and girls is shown in Table 14. The
results in Table 14 indicated t equal to 2.583, which meant gender showed a scientific
literacy significantly different at level 0.05. The scientific literacy mean scores of the girls
was 110.89, and the score of the boys was 107.22. The data indicated that the scientific
literacy mean scores of the girls was higher than boys’. This result did not support the

hypothesis that the leve! of scientific literacy among girls and boys was the same.
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TABLE 14 DESCRIPTIVE DATA AND T-TEST RESULT OF TEST SCORES
ACCORDING TO DIFFERENT GENDER

Sources of students n M SD t Sig
Male 481 107.22 27.05 2.583" 010
Female 653 110.89 20.78
total 1134

The level of scientific literacy of grade 9 students who studied in Bangkok
metropolis and its vicinity in this research indicated that:

1. The perceptions of science professors, science educators, science teachers,
engineers, medical doctors, business and industry employees, and government officials to
the three dimensions of scientific literacy were in consensus.

2. The construct of scientific literacy test items was developed into three parts: the
first part was multiple choice, the second part was true and false, and the third part was
short answer questions. The scientific literacy test items were sufficient to evaluate the
students

3. The level of scientific literacy among Thai lower secondary schools in the
Bangkok metropolis and its vicinity are different at 0.05 level. The scores of scientific
literacy of students in the Bangkok metropolis were higher than students in its vicinity

4. The level of students’ scientific literacy in pilot schools and participating schools in
the Bangkok metropolis and its vicinity was different at 0.05 level. The level of students’
scientific literacy in participating schools was higher than pilot school students.

5. The levels of students’ scientific literacy in schools under the Department of
General Education (DGE), the Office of the National Primary Education Commission
(NPEC), and the Office of the Private Education Commission (OPEC) in the Bangkok
metropolis and its vicinity were significantly different at 0.05 level. The level of students’
scientific literacy in schools under the OPEC was higher than school students’ under DGE
and ONEC

6. There were gender differences in scientific literacy. The scientific literacy scores

of the girls were higher than the boys.



CHAPTER 5
CONCLUSION AND DISCUSSION

This research study was aimed to find out the consensus of what scientific
literacy that Thai students should know and then construct the scientific literacy test items.
This chapter presents the conclusions of the study related to: the purpose of the study

hypotheses, research instruments, procedures, implications and recommendations.
Purpose of the Study

The purpose of this study was to explore the perceptions of scientific literacy that
Thai students should know from many groups of people who have influence in science or
related science areas, such as science professors, science education professors, science
teachers, medical doctors, engineers, businessmen and industrialists, and govemment
officials.

The first part of this study was to explore areas of scientific literacy Thai citizens
should know.

Secondly, the study was to examine the levels of scientific literacy that Thai

students knew before they finished their compulsory education, grade nine.
Research Hypotheses

1. The developed test items were efficient to assess scientific literacy.

2. Scientific literacy scores of the students in the Bangkok metropolis and its vicinity
were different.

3. Scientific literacy scores of the students from pilot schools and participating
schools were different.

4. Scientific literacy scores of students in schools under the Department of General
Education (DGE), the Office of the National Primary Education Commission (ONPEC) and
the Office of the Private Education commission (OPEC) were different.

5. Scientific literacy between girls and boys was the same.
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Research Instruments

The research instruments used in the study were as follows:
1). The Delphi questionnaire, composed of first and second round questions.
2). The scientific literacy item tests, composed of 3 parts:
2.1 multiple choice scientific literacy test items
2.2 true and false scientific literacy test items

2.3 shont answer scientific test items

Research Procedure

The research procedures were as follows:

1 Delphi study.

The researcher reviewed the scientific literacy from different research articles
and textbooks, and decided the meaning and the area of scientific literacy. Then the
researcher developed the questionnaire about scientific literacy that Thai students should
know by using the Delphi method.

1. Round 1, questionnaire was developed and sent to the participants for
decision making and suggestions about what scientific literacy they thought Qm grade
students should know,

2. Round 2, from the round one questionnaire, results were analyzed and
developed and sent to the same participants to make their decision about the 37 topic
themes. The second round questionnaire was analyzed and developed to run on the round
3 questionnaire. From round 2, data were analyzed and found that ail of the 37 themes
were agreed. Therefore, these themes were constructed as scientific literacy test items.

2 constructed scientific literacy test items.

The researcher used the themes from the consensus of experts about scientific
literacy that Thai students should know. Then the themes were analyzed and used to
develop scientific literacy test items. Then scientific literacy test items were constructed and
composed of three parts: multiple choice, true — false, and short answer questions.

2.1 The first draft of the scientific literacy items was piloted with grade 9

students. Students were asked to give comments and the time of doing these tests were
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noted. These comments were useful for evaluating and improving test items. During this
stage, some editing of the test items was done.

2.2 The content validity of these test items was found. As Hambleton (1984 :
201) stated, “identify a sufficient pool of judges and measurement of specialists.” The
method ‘index item-objective congruence’ (I0C) was used to evaluate the test items. In
the process of the index item-objective congruence, 7 panels of judges were evaluating the
test items. All of the tests needed an 1OC more than 0.70, then items were determined
whether they matched the objective or not. They were then reviewed. The test items
should represent the scientific literacy. The process of this development was free from
bias.

2.3 Test items review, and in this case test items were edited and revised.
Some additional scientific literacy test items needed to be added if essential, and were
required to follow the steps mentioned above.

2.4 Field test administration, test items should be prepared for pilot testing.
Students in grade 9 were selected to participate in the field test. Then the resuits were
analyzed.

2.4.1 ltems were revised if necessary, and some of them needed to be
deleted or cut off. The results of the IOC and comments from the experts were used.

2.4.2 Pilot test was designed. Students were chosen from grade 9 for
the test. The evaluation of the pilot test was needed to test reliability and validity.

2.5 Preparation of manuals, in this step, test manuals and instruction were
prepared. Through a series of preparation steps, the scientific literacy test items were
developed again and these test items were used to generate data for research questions 2
3 and 4.

3 Conducting the tests

The 20 schools sample in Bangkok and its vicinity were contacted and the test
run during February and March. 2005. One thousand one hundred and thirty five students
were participated in taking the scientific literacy tests. Then data from the tests were
analyzed by using statistics with T- test independent of paired sample statistics technique.

F- test of statistics was used to compare the hypothesis.
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Conclusion of the research study

This research was to construct scientific literacy test items by using Delphi method.
Consensus from all experts about scientific literacy were made up tests which were
evaluated the scientific literacy of students who studied in Bangkok metropolis and it
vicinity.

1. The development of the Delphi study

The delphi study was used to make the consensus about what scientific literacy that
grade 9 students should know. By using Delphi method 29 experts were participated in
this research. Thirty - seven themes were analyzed on the first round.

in the second round, experts were required to rate the importance of each
categorized response from round 1 on a 5 point Likert - scale (which a score 1 means
strongly disagree and 5 represented strongly agree). In this round experts were also asked
to write a justification for their rating and make comments about the title of the themes and
accuracy summary in reflection participants’ meaning and statements.

Means, modes, and standard deviations for each theme were calculated by using
a five — point scale. All the 37 themes had a mean more than 4, indicating that they were
viewed by the participants as important or very important. However, a total of 27 themes
had a mean more than 4.5 indicating at this early stage participants were viewed very
important. The standard deviation of 37 themes was less than 1.0, indicating a level of high
consensus for all these themes. These themes were:

the fundamental unit of living organisms, the organ systems of living organisms,
photosynthesis, drugs and the functioning of organ systems, passing on genetic traits,
genetic diseases, evolution of living organisms, nutrients and Living, biodiversity,
biotechnology, utilization of natural resource, problems of local natural resource, water
recovery technology, substances’ properties and classification, radioactive elements,
transition of states of matters, solution, properties of acids and bases, chemical reactions,
chemicals in daily lives, motion, gravity, friction, movement of force, relationship between
work and energy, electrical energy, heat energy, light and vision, the results of energy
consumption and environment, dynamics of the Earth crust, local geological resource, soil
and utilization, rocks and utilization, air and water, the solar system and its effects to living
organisms on Earth, stars and star clusters, and advances in space technology and their

application,
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Construct of scientific literacy test items

Scientific literacy test items were constructed and tested for reliability. They were
composed of 3 types of questions: multiple choices, true — false and short answer.
Research found that each part of scientific literacy tests were reliable and test items were
efficient to assess students scientific literacy.

2. Scientific Literacy test.

in these steps, developed scientific literacy tests were run to test how much
students knew about scientific literacy.

2.1 Testing Research Hypotheses

2.1.1 Hypothesis Il: Scientific literacy scores of the students in the
Bangkok metropolis and its vicinity were different. According to the t-test result, it was found
that scientific literacy of students in the Bangkok metropolis and its vicinity were different
significantly. The students in Bangkok scored higher than the students in the vicinity.

2.1.2 Hypothesis lil: Scientific literacy scores of the students from pilot
schools and participating schools were different. According to the t- test result, it was found
that scientific literacy of students in pilot school and participating school were different.

2.1.3 Hypothesis IV: Scientific literacy scores of students in schools
under the Department of General Education (DGE), the Office of the National Primary
Education Commission (ONPEC) and the Office of the Private Education commission
{OPEC) were different. According to the F —~ test results, it was found that scientific literacy
of students in schools under the Department of General Education (DGE), the Office of the
National Primary Education Commission (ONPEC) and the Office of the Private Education
commission (OPEC) were significantly different.

2.1.4 Hypothesis IV: The level of scientific literacy between girls and boys
were the same. According to the t- test result, it was found that scientific literacy of boys

and girls were significantly different. The girls showed higher scores of scientific literacy.

Discussion

The following is the discussion from the research results.

1. Comparing the total themes of scientific literacy of Qm grade students in which
PISA was used in the OECD country, it found that most of them were the same as in this
study; for instance, pollution, biotechnology, use of energy, transportation, health and

disease (OECD, PISA 2000: 104). These themes were similar to PISA. Therefore, this
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research emphasized and supported the science curriculum by which IPST was designed.
It was also indicated that IPST and the Ministry of Education were on the right track. All
these themes were shown to be important for students who were going to be scientifically
literate Thai citizens in order to live and solve their daily life problems effectively and
critically.

2. Found in the study, students in Bangkok had higher score of scientific literacy
than the ones in its vicinity. Comparing this result with the result of PISA in Thailand (Sunee
Klainin. 2004: 17), Sunee said that the score of scientific literacy of 15th years of the
students in Bangkok was higher than the score of the students in other parts of Thailand.
She said that scientific literacy of the students in Bangkok was higher than those in the
Central, North, South and Northeast regions. This result was the same as the scientific
literacy survey in China, which found that the gap between urban and rural residents was
large (Zhang. 2001). There should be some reasons to explain why students who study in
Bangkok did better in science than students from other provinces of the country. According
to the Government policy, all schools should have the same quality. It was not easy for all
schools to have the same quality because they differed as follows:

2.1 The budget that the government put into the schools was not equal.
Large schools got more money than the smaller schools. This affected education
management within schools, such as numbers of bocks in the library, instruments and
chemical for use in the laboratory, and multimedia equipment for teaching.

2.2 The background of the students was different. When they were asked
about GMO, some students knew the meaning because they had heard from the television
and read from newspapers. In contrast, some students who did not have television at home, had
no ideas about GMO and could not answer the guestion. It was important that media, such as
radio, television newspapers, magazines, and the internet help students gain scientific
literacy. Lynda; & Suzane. (2001: 51-53) found that the people who listened to the radio
and read newspaper and magazines gained a higher score of scientific literacy. They
indicated that the retention was related to the source that the people accessed. The printed
material information, such as magazines and newspapers, was remembered better than the
television and radio news. This indicated that preparation the media for students was vital.
Although Lynda; & Suzane. (2001: 51-53) found that the printed material was better than
the radio and television news, if schools could help students to learn from media, students

would gain scientific literacy essential for life long learning. In China, 82.8 percent of the
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population accessed scientific knowledge through television. (Zhang. 2001). Even some
students who did not know the meaning of GMO, but they still had a positive views on this
issue. They indicated, “before decided to do something, we just to find out what the
research said and then we made decision.” This meant that students had a positive
scientific attitude.

2 To know scientific literacy, students did not just have scientific knowledge.
Found in this study, some students still remembered the scientific knowledge and did not
know about scientific process or awareness of science. It was important that we did not
just prepare students to remember scientific knowledge, but we needed to prepare them for
future life. Therefore, it is essential to find the way to improve the process of teaching
science in order to prepare students to know the scientific process that they will use in the

future for their higher studies or for their work.

3 To prepared students, it was not just to teach but to guide them to look around.
It was vital to prepare them to have broad knowledge and mind. From the study, it was
found that students had knowledge but they did not foresee. For example, students did not
think that an electric current could produce pollution. Since coal is used to produce electric

energy, it would then affect air pollution.

4 According to the data indicated, the mean scores of scientific literacy of boys
differed from girls significantly. This result showed the same result as Skuntala
Kositechaiwat (1992}, which indicated that boys and girls were different in scientific literacy,
with girls' scoring higher than the boys. In the same research in China, there were different
levels of scientific literacy between Chinese males and females (Zhang. 2001). However, in
Hong Kong, it was found that boys and girls were not different overall (Yip; Chiu; & Ho.
2004: 91-106). They also indicated that specific test components showed gender difference,
with boy doing better in earth and physical science than girls, while girls could do better in
recognizing questions and identifying evidence items. They said that science test items of
diverse content and skills of response format provided a capacity of the students. In the
TIMSS study, it was found that girls were doing in biology better than boys, while boys
better Physics than girls (Marit. 2003: 5).

5 The research also found that when the question asked students to write down
benefits and not benefits and disadvantages from building the dams, students could answer
both. This indicated, in the new curriculum, students were taught to think both ways when

they had to deal with controversial issues. However, in this item, most of the students
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thought that the building dam was for agriculture - few of them thought it could produce

electricity.

6 The study found that the students who study in schools under the Office of the
Private Education commission (OPEC) had higher scientific literacy scores than the
students who study in schools under the Department of General Education (DGE) and the
Office of the National Primary Education Commission (ONPEC). It was interesting to look
at the schools under the OPEC as an example to improve the schools under the ONPEC.
However, this result differed from the PISA studies of Thai students. Sunee Kklainin (2004:
17) found that scores of scientific literacy of the students in DGE were better than OPEC
and ONPEC scores. She also said that the students in the Demonstration Schools (Satit
Schools) were the best (p 17). However, in this study, the schools under the
Demonstration school, were not selected as sampling schools. It was interesting to find out
the reasons why this research differed from PISA. In addition, the characteristics of the
school under each of departments were different. The private school teachers were forced
to work harder than the government school teachers because of school regulations and the
assessment system. Budget, parents’ background, and parents’ support in the famous
private schools were different. However, the educational background of teachers between

private and public schools also differed.

Recommendations

This section provides suggestions to prepare scientific literacy of the students, for
the role of the teacher and for the future research. This research looked mainly at schools
as a whole unit. There were no details studied about teachers’ background, social

background
of students, school budget, and teaching methods for teachers in each school used,

limitation
of teaching quality, school facilities, as well as students in this research.
However, research expected that this study would be a starting point for further

research and development in scientific literacy for Thai students in the future.
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For school administrators

1) Since the level of scientific literacy of the students was significantly different
in different areas of school location, Bangkok and its vicinity. The schools around the
Bangkok metropolis should prepare the students to increase their scientific literacy. School
facility was important. Schools should have a library, which contains science magazines,

radio and television, including computers in which students could excess the internet.

2) Although they was no evidence to support how much scientific literacy the
students should have. Schools needed to promote their students to increase their level of

scientific literacy. They should have short term and long term planing

3) Science educators should take the benefit of this study and prepare
students to study science, learn and do scientific processes. The memorization of scientific
knowledge should be decreased and increased the scientific process and awareness of
science. In the future when students have finished their school years and went out to work
or to study at the higher education level, they need to do science and technology. Therefore,

it was essential to prepare the students in schooling.

For teachers

1) The science teacher development should prepare science teachers to
promote scientific and technology literacy. Some teachers in pilot schools gained knowledge
in science contents and science process skills by participating in science professional
development, which was a good sign. It was essential that each science teacher needed to
come to participate in training workshops each year. This was one way that the teacher

would change the process of science teaching in their schools.

2) The science teacher who promoted scientific literacy in their teaching in
their schools should have something to show for their work. They should be promoted and

rewarded.
For Future research

1) There should be research on teachers’ expectations of their students’

scientific literacy and their preparation.

2) According to the popuiation and sampling of schools and students in this
th
study, they were limited with pilot schools and participating schools, and 9 grade students,

Research on other schools should be done.
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3) In this study, the sample limited only schools in the Bangkok metropolis
and its vicinity, but there were a lot of the secondary schools in Thaitand. It was vital to find
the level of scientific literacy of those students and use these results to prepare the

curriculum and science teacher professional development.

4) As mentioned in the discussion, the media that the students’ excess could
support their scientific literacy. Another finding should be to find out how much scientific

literacy that the media had to influenced promote scientific literacy for the people.

5) The parents shouid also support their students to increase scientific
literacy. No evidence how Thai parents’ background have affected their students’ learning.
Another finding was to find out how much parents spent time and money to prepare their

students to gain the level of scientific literacy.

8) The science teaching has changed in Thai schools after Educational
Reform. Another finding was to find out whether the style teaching could affect students’

scientific literacy.
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TABLE 15 LIST OF RESEARCH INSTRUMENTS EXPERTS FOR DELPHI
QUESTIONAIRES

Name Work place Status
Mrs. Kingkaew Kooarmornpatana IPST Specialist
MR. Natee Samart IPST Specialist
Mrs. Chutima Temiyasathit IPST Specialist
Mrs. Nuthsruang Dibanuka IPST Specialist
Medical Dr. Verapun Tanaprachum Chainat Manorom Medical Doctor

Christain Hospital
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TABLE 16 LIST OF EXPERTS FOR SCIENTIFIC LITERACY ITEM TESTS

DEVELOPMENT
Name Work place Status
Dr. Siripon Manopichetwatana Satisamutphakarn Science teacher
School

Miss. Pirut Suklean

Mrs. Pakaidac Sawadsawang

MR. Natee Samart
Mrs. Chutima Temiyasathit
Mrs. Nuthsruang Dibanuka

Mrs Kingkaew Kooarmornpatana

Sanguanying School
IPST

IPST
IPST
IPST
IPST

Science teacher
Head, Primary Science
Department
Specialist
Specialist
Specialist

Specialist




TABLE 17 LIST OF EXPERTS FOR DELPHI STUDY

Name Work place Status

Medical Dr Vera Pongrujikorn Chainat Manorom Christain Medical Dr
Hospital
Chainat

Medical Dr. Chanantida Relasiriworng Pattara — Thonburi Hospital Medical Dr.
Pathum Thani

Medical Dr. Kornkaei Seesitisareamorn  Central General Hospital Medical Dr.

Mr. Nara Jirayuwatana Thaipatana Tanney Co.,Ltd. Manager
Sumutprakarn

Asst. Prof. Dr. Charanai Panitchayakul Faculty of science Instructor
Kasetsart University
Bangkok

Assoc. Prof. Dr. Verasuk Udomshok, Faculty of science Instructor
Kasetsart University
Bangkok

Assoc. Prof. Saree KanKelee Faculty of Education Instructor
ChiangMai University
ChiangMai

Asst. Prof. Chatchawan Tacksaudom Faculty of Engineering instructor

ChiangMai University
ChiangMai
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TABLE 17 (Continued)

Name

Work place

Status

Assist. Prof. Dr. Rien Boondiskulchok

Mr. Sitichai Piriyakurntorn

Dr. Charida Pukahuta

Dr. Nipon Gasiprong

Asst. Prof. Sinrapachai Buranapanit

Miss Laddawan Chareonsaksiri

Mr. Chaleamporn Kantee

Mr. Vinai Mongkonthan

Mrs. Sugeeporn Uthongsap

Mr. Vichain Jiraphakeorhchai

Mr. Nara Jirayuwatana

Faculty of Engineering
Chulalongkorn University
Bangkok

Faculty of Engineering,
SungKarnakarin University
Sungkar

Faculty of Science,

Ubon Rajathanee University.
Ubon Rajathanee

Faculty of Science,

Ubon Rajathanes University.
Ubon Rajathanee

Facuity of Education
Chulalongkorn University
Bangkok

Faculty of Education,
Kasetsart University.
Bangkok

General Courts

Phuket

Ranong Province

Office of Basic Education

Honda Automobile(Thailand)
Ltd. Bangkok
Thaipatana Tanney Co.,Ltd.

Sumutprakarn

Instructor

Instructor

Instructor

Instructor

instructor

Instructor

Chief Judge

Governor of

province

Specialist

Manager

Manager
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TABLE 17 (continued)
Name Work place Status

Mrs. Aumporn Sutikurnsumbat Apitoon fish meal co., Ltd. QC. Line
Samutsakhon and Lab.

Mr. Choosilp Attachoo Biology Department Head of
IPST Bangkok Department

Mrs. Duangsamorn Klongsara Secondary Science Head of
Department Department
IPST Bangkok

Mrs. Phrakadaw Sawatsawang, Primary science Department Head of
IPST Bangkok Department

Mrs. Nanthavan Hansawek Chemistry Department Specialist
IPST Bangkock

Mr. Pirut Warapuskdee Phyisc Team, IPST Specialist
Bangkok

Mrs. Chotip Takurnsawangpub King's College Science
Nakormpratoom Teacher

Mr. Chookeit Chaichanadara Satriwithaya School Science
Bangkok Teacher

Mr. Prawit Bungswan Ravinit Bangkaew School Science
Samutprakarn Teacher
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FIRST ROUND QUESTIONNARES
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SECON ROUND QUESTIONARIES
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TABLE 18 SECOND ROUND QUESTIONAIRES
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APPENDIX 5
SCIENTIFIC LITERACY TEST ITEMS



TABLE 19 INDEX ITEM - OBJECTIVE CONGRUENCE (10C)

Expert evaluation score

Total
NO ioc
2 3 4 3 6 score
1 1 1 1 1 1 7.0 1.00
2 1 1 0 o 1 5.0 0.71
3 1 0 0 0 1 4.0 0.57
4 1 1 1 1 1 7.0 1.00
5 1 1 1 1 1 7.0 1.00
6 1 1 0 1 1 6.0 0.85
7 1 1 1 1 1 6.0 0.85
8 1 1 0 0 1 4.0 0.57
9 0 1 1 1 1 6.0 0.85
10 1 1 1 1 1 6.0 0.85
11 1 1 0 1 1 6.0 0.85
12 1 1 0 0 1 4.0 0.57
13 1 0 1 0 1 5.0 0.71
14 1 1 1 1 1 6.0 0.85
15 1 1 1 0 1 6.0 0.85
16 1 0 1 1 1 6.0 0.85
17 1 1 1 1 1 7.0 1.00
18 1 0 0 1 1 5.0 0.71
19 1 1 0 1 1 6.0 0.85
20 1 1 1 0 1 6.0 0.85
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APPENDIX 19 (continued)

Expert evaluation score

NO Total oc
2 3 4 5 6 score
21 1 1 0 1 1 6.0 0.85
22 1 1 1 1 1 7.0 1.00
23 1] 0 1 1 1 6.0 0.85
24 1 1 1 1 1 7.0 1.00
25 1 1 0 0 1 5.0 0.71
26 1 1 1 1 1 6.0 0.85
27 110 1 0 1 5.0 0.71
28 1 1 1 1 1 6.0 0.85
29 1 1 1 0 1 6.0 0.85
30 1 0 1 0 1 4.0 0.57
3 1 1 1 1 1 7.0 1.00
32 1 1 1 0 1 6.0 0.85
33 1 1 0 0 1 4.0 0.57
34 1 1 1 0 1 6.0 0.85
35 1 1 0 0 1 4.0 0.57
36 1 1 1 1 1 7.0 1.00
37 1 0 1 1 1 6.0 0.85
38 1 1 1 1 1 7.0 1.00
39 1 1 0 1 1 6.0 0.85
40 1 1 1 1 1 7.0 1.00
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APPENDIX 19 (continued)
‘o Expert evaluation score Total oc
2 3 4 5 6 score
41 1 1 0 1 1 6.0 0.85
42 1 1 1 1 1 6.0 0.85
43 1 0 1 0 1 6.0 0.85
44 1 1 1 1 1 6.0 0.85
45 1 1 1 0 1 8.0 0.85
46 1 0 1 1 1 6.0 0.85
47 1 1 1 1 1 7.0 1.00
48 1 1 1 0 1 6.0 0.85
49 1 1 0 0 0 4.0 0.57
50 1 1 1 0 1 6.0 0.85
51 1 1 0 1 1 6.0 0.85
52 1 1 1 1 1 7.0 1.00
53 1 0 0 1 1 5.0 0.71
54 1 1 1 1 1 7.0 1.00
55 1 1 0 1 1 6.0 0.85
56 1 1 1 1 1 7.0 1.00
57 1 1 0 1 1 6.0 0.85
58 ol 111 1 1 5.0 0.7
59 1 0 1 ] 1 5.0 0.71
60 1 1 1 1 1 6.0 0.85
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APPENDIX 19 (continued)
‘o Expert evaluation score Total oc
2 3 4 5 6 score
61 1 1 1 0 1 6.0 0.85
62 1 0 1 1 1 6.0 0.85
63 1 1 1 1 1 7.0 1.00
64 1 1 1 0 1 6.0 0.85
65 1 1 0 1 1 6.0 0.85
66 1 1 1 0 1 6.0 0.85
67 1 1 0 1 1 6.0 0.85
68 1 1 1 1 1 7.0 1.00
69 110 1 0 0 3.0 0.42
70 1 1 1 1 1 7.0 1.00
71 1 1 0 1 1 6.0 0.85
72 1 1 1 1 1 7.0 1.00
73 1 1 0 1 1 6.0 0.85
74 1 1 1 1 1 6.0 0.85
75 1 0 1 0 1 6.0 0.85
77 1 1 1 0 0 40 0.57
78 1 0 1 1 1 6.0 0.85
79 1 1 1 0 1 5.0 0.71
80 1 1 1 0 1 6.0 0.85
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APPENDIX 19 (continued)
Expert evaluation score Total
NO 10C
2 3 4 5 6 score
81 1 1 0 1 1 6.0 0.85
82 1 1 1 0 1 6.0 0.85
83 1 1 0 1 1 6.0 0.85
84 1 1 1 1 1 7.0 1.00
85 1 0 1 1 1 6.0 0.85
86 1 1 1 1 1 7.0 1.00
87 1 1 0 1 1 6.0 0.85
88 1 1 1 0 1 6.0 0.85
89 1 1 0 1 1 6.0 0.85
90 1 1 1 1 1 6.0 0.85
91 1 0 1 0 1 50 0.71
92 1 1 1 1 1 6.0 0.85
93 0 1 1 0 0 4.0 0.57
94 1 0 1 1 1 6.0 0.85
95 1 1 1 0 0 5.0 0.70
96 ty1]1 o)1 6.0 0.85
97 1 1 0 1 1 6.0 0.85
98 1 1 1 0 1 6.0 0.85
99 1 1 0 1 1 6.0 0.85
100 1 0 0 1 0 5.0 0.71
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TABLE 20 DIFFICULTY AND DISCRIMINATION OF PART 1 SCIENTIFC LITERACY TEST

ITEMS
NO p r Significant status
1 0.64 0.50 v v
2 0.79 0.47 v 4
3 0.70 0.31 v v
4 0.40 0.42 v 4
5 0.77 0.42 4 v
6 0.17 0.10 X x
7 0.35 0.44 v v
8 0.10 0.15 x x
9 0.43 0.39 v 4
10 0.61 0.47 4 v
11 0.36 0.25 v v
12 0.60 0.78 v v
13 0.30 0.42 4 4
14 0.77 0.53 v 4
15 0.61 0.44 v v
16 0.47 0.47 v v
17 0.24 0.42 v v
18 0.30 0.47 v v
19 0.25 0.23 x x
20 0.70 0.56 v v
21 0.67 0.64 v v
22 0.77 0.44 v v
23 0.70 0.75 4 4
24 35 18 X X
25 0.74 0.61 4 v




TABLE 20 {Continued)
NO +] r Significant status
26 0.38 0.53 v v
27 0.55 0.53 v v
28 0.58 0.42 v v
29 074 0.61 v v
30 0.25 0.15 X X

Denote: SC = Scientific Content, SP= Scientific Process, AS = Awareness of Science

v = can be used

X =to be revised
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TABLE 21 ITEM - TEST CORRELATION AND GROUP - TEST OF PART 2 SCIENTIFIC

LITERACY TEST ITEMS

128

ITEM-TEST CORRELATION Group-t Test
NO ] X . status
1 0.3845 4.4858" 3.0465" v
2 3.7788 4.3952" 3.6260" 4
3 0.0848 0.9170 1.1748 X
4 0.2387 2.6474* 2.3454* v
5 0.3488 4.0085* 4.0556" v
6 0.4307 5.1396" 4.1643* v
7 0.3001 3.3889" 3.0782 v
8 0.2000 2.1985* 2.4980" v
9 0.2851 3.2033* 2.3259* v
10 0.3015 3.4062* 2.0578" v
11 0.2627 2.9327* 3.1939* v
12 -0.0368 -1.1061 -0.7522 x
13 0.5720 7.5104* 5.8313* v
14 0.3347 3.8259* 3.4565* v
15 0.4637 5.6371* 3.6857* v
16 0.3415 3.9130* 2.8837* 4
17 0.3085 3.4927* 2.1232" v
18 0.3593 4.1470° 2.9800* v
19 0.4128 4.8816* 3.9279* v
20 0.3566 4.1115* 3.6794% v
21 0.2946 3.32.04* 2.1913* v
22 0.0620 1.8669" 1.5281 x
23 0.4042 4.7596 3.8468* v
24 0.3958 4.6416* 3.7565* v
25 0.3954 4.6360" 3.3506* v




TABLE 21 {continued)
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ITEM-TESTCORRELATION

Group-t Test

NO status
r t t

26 0.1189 1.3004 1.5132 x

27 4934 6.1090" 4.1892* v

28 -0.0826 -2.4898 -1.6878 X

29 4020 4.7000" 3.9716* v

30 0.2848 3.1994* 3.4602" v

Denote: SC = Scientific Content, SP= Scientific Process, AS = Awareness of Science

v = can be used
X =to be revised

* is significance



TABLE 22 ITEM - TEST CORRELATION AND GROUP — TEST OF PART 3 SCIENTIFIC

LITERACY TEST ITEMS

130

‘o ITEM-TESTCORRELATION Group-t Test e
r t t
1 0.3713 4.2136* 3.3848" v
2 0.3287 3.6667" 3.3899" v
3 0.5231 6.4670 5.7903" v
4 0.2000 2.0492% 2.0836" v
5 1.0200 2.0040 2.0300 x
6 0.4103 4.7403" 3.5223" v
7 0.3427 3.8429% 27366 v
8 0.5497 6.9325 5.1080* v
g 0.5315 6.6100* 5.7271* v
10 0.4238 4.9301* 3.6899* v
1 0.4998 6.0794* 4.3037* v
12 0.4160 4.8199" 3.3408* v
13 0.3327 3.7165" 3.1000" v
14 0.4254 4.9523* 2.6513" v
15 0.3784 43072 2.6501* v
16 0.4601 5.4603* 3.4162* v
17 0.8500 2.0500 2.0100 X
18 0.4473 5.2696* 3.9206* v
19 0.4381 5.1345* 3.2928* v
20 0.5551 7.0310* 5.1531* v
21 0.4819 5.7948 4.1009* v
22 0.3767 4.2847* 4.2694" v
23 0.5063 6.1863" 5.1659" v
24 0.3478 3.9087* 3.7798* v
25 0.4526 5.3470" 4.4810* v
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TABLE 22 (Continue)

ITEM-TESTCORRELATION Group-t Test
NO Status
r t t
26 0.3688 41719 3.0333" v
27 0.5811 7.5220* 5.4274* v
28 0.4213 4.8936" 3.7773* v
29 0.1800 3.0220 2.1000 X
30 0.4947 5.9977* 4.2124* v

Denote: SC = Scientific Content, SP= Scientific Process, AS = Awareness of Science
v =.can be used
X = to be revised

*

is significance
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SCIENTIFIC LITERACY TEST ITEMS
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Prasong Mateapinitkul (2005). A Study on Scientific Literacy of Grade 9 Students in Bangkok
Metropolis and Its Vicinity. Dissertation, Ed.D (Science Education). Bangkok:
Graduate School, Srinakharinwirot University. Advisory Committee: Assoc. Prof.

Dr. Kanjana Chookruvong, Assoc. Prof Dr. Nason Phonphok, Dr. Manat Boonprakob

The objectives of this research were separate into three phases. The first phase
was to find out what scientific literacy of Thai students who will finish grade 9 should know
by using the Delphi technique. The 29 experts were participating in Delphi study, They
composed of 6 scientists, 9 science educators, 3 science teachers, 3 engineers, 3 medical
doctors, 3 business and industry employees, and 3 government officials. A set of
questionnaires was employed into two rounds to obtain their opinions on scientific literacy
that grade 9 students should know, the obtained data were analyzed to determine the
media, mode and standard deviation. The outcome was a set of 37 streams were
consented.

The second phase of the research, the 37 consensus on scientific literacy were
constructed as scientific literacy test items. The index of ltem - Objective Consistence (I0C)
of each item was analyzed, the items which had IOC more than 0.70 were selected. The
scientific literacy test items were composed of 3 parts: multiple choices (25 items), true-
false item tests (25 items) and short answer test items (27 items). The difficulty of the first
part was 0.619 and the KR — 20 was 0.700. The Alpha Coefficient of the second part was
0.701, test reliability of subject separation was 0.707, and sample reliability of item
separation was 0951. The Alpha Coefficient of the third part was 0.823, test reliability of
subject separation was 0.904, sample reliability of item separation was 0.964, and the intra
- rater consistency equal to 0.998 was significant at 0.01 level.

The third phase of this research was to find out the scientific literacy of the grade
9 students in Bangkok metropolis and its vicinity. The entire scientific literacy test items
were completed by 1135 students of the 20 schools in Bangkok metropolis and it vicinity.
The research hypotheses were tested by t-test of dependent samples, t-test for one group
and Analysis of Variance (One Way ANOVA).

The result of the study showed that the mean scores of scientific literacy of students
in Bangkok metropolis and its vicinity were significantly difference at 0.05 level, the mean
scores of scientific literacy of the students in Bangkok metropolis was higher than students

in its vicinity (Chachoengsao, Nakhon Pathom, Nontha buri, Pathum Thani, Samut Prakan



and Samut Sakhorn) 25.76 points(14.0 %). Scientific literacy of the students in pilot school
and participating school were significantly difference at 0.05 level, the data indicated that
the mean scores of scientific literacy of the students in participating schools were higher
than pilot school students, mean scores difference were 11.65 (6.37 1%). Scientific literacy
mean scores of students in schools under Department of General Education (DGE), the
Office of the National Primary Education Commission (ONPEC) and the Office of the
Private Education commission (OPEC) were significantly difference at 0.05 level. It was
found that scientific literacy of students in school under the Office of the Private Education
commission (OPEC) were higher than the one in schools under the Department of General
Education (DGE) 9.90 points (5.38 %) and the Office of the National Primary Education
Commission (ONPEC) 23.87 points (12.98 %) respectively. Moreover, the scientific literacy
between boys and girls were significantly difference at 0.05 level. The data indicated that
the mean scores of girls were higher than boys, the mean scores difference were 3.67

points (2.0%).



m'sﬁnmm'sj%mmam‘:‘maaﬁfm‘%uuiuﬁﬁuuﬁnmﬂﬁ 3 'uaaf{nL?uu'lumﬂn;umwumum

wasUTuuma

unaata
2849

Uszasd Fifiana

[ T = = s _ A =) o d. = » A
wnadaliadnendy awinmandiuaiunyilaa tlafusrunilazesmsdnmn
aamangastiyginiidnmgefiinda mudsvinemsesinm
WORMAN 2548



Uszaad Widifiana (2548). msﬁnmmsj‘?nmmﬁrﬂs'&;aaﬁ'm?uuwzuy”muﬁnmf!ﬁ 3 89
inGouluanganmwamuasuszyiumns. Wygniinus ne.e. Gnenemaasfinm).
NTANKY : NuAAINgaY YWINENSDATUATUNTILIAL ATIENTINANTAILAN: T8
MRATITIG AT.MAIN FATHA, TBIMAATINGE 7. UETIA WBlNA, ATANE Iy
Usznay

mﬁiﬂi{ﬁqummuwé’nmuﬂ'szm‘iﬁaw"i'i adnwmindoinefissaumsdnwmeriady
Swimudnw T 3 msﬁmmﬁnmma@{az‘hﬂ'ﬁa Asemsfiaasii amIvauLIamMsy
InsnenaatdmiutulsondnwDf 3 ua:ﬂ‘s:mﬁ'immﬁaﬂmﬁumsj‘%nmmam‘mauﬁfnﬁuu'lu
TnGmunwihuaclsdmbhiadbuaenianmamuaias T umma

muﬂauumﬁaaa'm’mmi]un'\ﬂ-nmﬂuﬂmaw'mu,waﬁnuﬂmmwmumumnmﬂn 3
m‘sﬁmﬁug"mmmama:'lsﬁu‘[ﬂan'ﬁﬂnwmmd L'nmmmumﬁuzgﬂuuumﬂunsguumnmmam
6 AU UNMNNMAATAND 8 AU ﬂsﬁ'ﬁauﬁnmmaﬂ{ 3 au 3AINT 3 AU wwng 3 au TMTANT 3
AN UAXLATINTINMARATMNTIA 3 AW Tﬂﬂ'l'mmuaaumumunmm-mm w2 seu W
mﬂaun‘lﬂmnm-nmmmmmm U ity wszenaiBaenaTE TedumudGa
Wi mnmnmmﬁmﬂunnﬂu'lnumﬁaanmtﬂu 37 Aumu@

sufisasesrmids "lﬂmaumuﬂmunnL'ﬂu’mmaqmmmm’uﬂm‘mmmmam‘m
ummu'lnumﬁ“lﬂEﬁfmﬂuuum@m'm'mmmaﬂmwmmm’mmmmm'mmam (10C) wuin
Famauudasdalirmufissasdaiiemannnit 070 ﬂaaaunm’m'lml,maan'lmﬂu 3 fau
aaufiniaiuuumidanaausiuom 25 e fidwumn 0619 WaLFNA TGS KR — 20 Wiy
0.700 mauﬁaamﬂmmuﬁaaaugnﬁﬂ'{hmu o5 Tasienamuiafi aléusauuyia (Alpha Coefficient)
Wiy 0701 uRzene el a'lﬁ'fﬂaan’n'hmmgﬂauﬁ’ammu’fﬂ (Test reliabilty of subject
separation) LYItNU0.707 wasinnudetiolduaimiduunuuiadngudaay (Sample refiabity
of item separation) iy 0.951 aufl 3 Huuund EUAIBUE S ST 27 T8 Senerandatiold
2834UU7A (Alpha Coefficient ) 1¥iN1.0.823 LLa:mm'mL-T}aﬁa'lﬁmaamﬁmumgﬂauﬁ’luuuu"fm
(Test reliabilty of subject separation) YL 0.904 wssAnaandeis ldvesmrduunuuniasay
N§WARBY (Sample reliability of item separation) WinAU 0.964 uamwmmmaumaomsmﬂaﬂwan
n‘lm*mmﬂaﬂumm (Inta — rater oon3|stency) spsdoreunendl 3 Ty 0996 Fof
aruRuuInuatlnsd ARG Fezsunmudain 0.01

muﬂmmammamﬂum‘smu‘umsm’ﬁg'znmmamﬁ‘lﬁ"lﬂi’mmsé"‘zﬂmmaﬁmao
TG urudsnudnen i 3 vedlndowihiosszlnGuwaiatisluanyaunnaniuas
Ltaﬂﬁumma snGouiialundtodwinSouiiGoue zi‘lmmﬂnmﬂwnmuﬂma:ﬂ?um‘ﬂa
Swanriadn 1135 aw 90 20 TeeGeu adaflflumdiemsidays leund duads aufsauu



naTpu ddflslummessusuaizuniyitelaun 60 t - test independent Wz t - test for
one group LATAINATIERANULTUTIUMLLMAEYT (One Way Analysis of Variance)

Nﬂﬂ'ﬁ"‘:i‘fuwn'j'lﬂzl.l.uumﬁmlaon’rsj’mmﬂ’laﬂ{mmﬂﬂt'%'sm'lm.n*gamwumum ueT
Bunmafinnuuandnatrsitoidynmisidfieduanudedsu 0.0s TasfidniFouly
L'Jmn;mnwumumﬁﬁ'}mﬁzmaamq""mmmami‘gani’m%ﬁ':Ju‘lummﬁumfnaag: 25.76 AU
(14.00%) Li'iauﬁumﬁUuNamffiﬂmmﬁﬂfmmﬁnﬁuu‘luheﬁ'umi'n'aaLL&:TNL’%'uum‘%a‘ﬂm
WU ffm‘%nu’lﬂnL‘%uuﬁ,ﬁaouaﬂmﬁ'uum‘%aﬂmﬁmmﬁumsj‘":wmmamﬁmnmoﬁuaﬂwﬁ
Soddmesdafisduauideiu 0.0s TanfilnGowaeiigeisiainnsiinnmanaia
nilndowinies ag 11.05 Azuuu (6.37%) Smanuiaiuisnindiiasalndowiunams
Finnmsaiwurh dnGouludoiadninaunmsdnsientu (@) naaalgdne (@) uss
gwinunmlszaufnsnuiend s wislnGowsmolame) fdwiovesmsdinmmand
wandiuagiismdgnesiafizduanmdedu 005 lasfinnGownaslaaGouly
FINAENNUNIANMILENTY (57) ﬁfi’m:u.uumﬁumsfmmmam‘ganiwﬁ'm?uulué’aﬁﬂnm
mayAnm (ae) 8y 9.90 AzuUK (6.38 %) uszganiiniFouludaiadninaummlszaufnm
whard iy wis lsadouumelonis) ey 23.87 Azuuu (1298 %) uazlniduuludaiansa
aAYAnEN (I9) a:ﬁfi'm:uuumﬁﬂgoniﬂﬁnﬁ'ﬂmaﬂnL‘ﬁ'uu'lui'faﬁ'ﬂﬁﬂﬁnawunﬂmsznuﬁnuﬂ
WAIT@ (k) e 13.97 AZUWW (7.60 %) u.a:Li'iauﬁumﬁUumﬁfnnmmam’::whotwwmﬂﬁ’u
tWﬂmﬁawud'\ﬁnﬁuuﬂmLLazﬁnL‘%uwm:qﬁﬂ:uuumﬁumij""mmﬂ'mﬂ'fl,l.ﬂn@i’mﬁuazmﬁu
fdgmasianszduanudeiu 0.05 TasfinGoungeelmacumuaionsiinmnmanigs
nininGauTnag 3.67 azuun (2.0 %)



	ปก
	บทคัดย่อ
	บทที่ 1
	บทที่ 2
	บทที่ 3
	บทที่ 4
	บทที่ 5
	บรรณานุกรม
	ภาคผนวก
	ประวัติผู้วิจัย



