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Pedagogical Content Knowledge [PCK] is essential to career development for
teachers. Competencies that science teachers must master represent the blending of
content and pedagogy which should result in increased understanding for students.
Therefore, the purpose of the study is to enhance elementary science teachers’
pedagogical content knowledge through a Co-Teaching Model [CTM]. In addition, the
researcher aims to develop the effective characteristics of co-teaching model supporting
science teachers’ changes to their PCK. Three volunteer science teachers in grade 4-6 at
the same school participated in this study for 1 year. A CTM was used as a professional
development [PD] program. Data sources throughout the research project consisted of
classroom observations, individual interviews, questionnaires and document analysis.
Inductive analysis was used to analyze the data into more general outcomes in which
were presented in three case studies and a cross-case analysis.

Findings indicate that before the three teachers were engaged with CTM they
experienced some problems regarding: articulating the purposes for teaching science,
designing appropriate instructional and assessment activities, understanding the science
content, and how their students approached the learning of the science content in the
curriculum reform. Even though the three teachers realized that many aspects of their
teaching practice needed to be altered to address the curriculum reform in science
teaching, the areas of greatest need were to develop a better understanding of
articulating the purposes for teaching science, the curriculum content and broaden their
teaching approaches. After the three teachers participated in CTM, the results showed
that their performances in developing PCK, as assessed by the design of their inquiry-
based lesson plans and as observed in their classroom practices, shifted from teacher-
centered to student-centered teaching and learning practices. The sustained production
of inquiry-based lesson plans and practices demonstrates that teachers gradually
accepted the CTM as method of PCK development. They changed their understandings
and practices about subject matter knowledge, pedagogical knowledge and knowledge
of context gradually. Evidence from this study indicates that the incorporation of the
CTM within a professional development program is useful for promoting the teachers’
understandings and practices of PCK in classroom settings. Further, this study found
that the main factor affecting teacher’s development of their PCK was institutional
support. The implication of this study are that institutions responsible for producing and
developing science teacher should create and provide a long-term PD program for
enhancing the teacher’s PCK by encouraging them to share, discuss, and reflect their
knowledge. The present study did not focus on the role of administrator; therefore,
further research is needed to understand how school and district administrators can
promote effective PD program for elementary science teachers.
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CHAPTER |

INTRODUCTION

The first chapter of this thesis describes the problem area of the study which is
the basis for the research objectives and research questions. Then the research
objectives and research questions are described in more detail. This is followed by a
section on operational definitions of terms and the last section concludes by outlining

the remaining chapters of this thesis.

Statement of the Problem

Background to the Problem Area

Education has an immense impact on the human society. The enactment of the
National Education Act of B.E. 2542 (1999) and Amendments to the Second National
Education Act of B.E. 2545 (2002) stated that the goals of education are fully
developing Thai people in all aspects: “physical and mental health; intellectual
knowledge; morality; integrity; and a desirable way of life so as to be able to live in
harmony with other people” (Office of the National Commission [ONEC], 2002).
Scientific and technological knowledge are integral to modern society. Science
enables people to understand natural phenomena and leads to specific knowledge and
development of technologies that respond to human needs and solve human problems.
The Thai government has been challenged to think about factors that would stimulate
national policies for developing the country socio-economically, environmentally, and
culturally. The economic crisis reveals that Thailand has deficiencies in many areas
including science and technology (ONEC, 2001). The Ninth National Economic and
Social Development Plan (National Economic and Social Development Board
[NESDB], 2002) emphasize the development of science and technology for the
enactment of economic fundamental policy. The development presented that

education has a strong relationship with science and technology in the development of



science and technology literacy for all Thai citizens. Moreover, the National Science
Education Standards present a vision of a scientifically literate populace. These
standards claim all students can demonstrate high levels of performance; teachers are
empowered to make the decisions essential for effective learning, and encourage
collaborative communities of teachers and students to focus on learning science.
Therefore, teaching and learning for Thai citizens is conducted through a learner-

centered approach considered central to educational reform (ONEC, 2002a).

In the process of developing competent citizens, teachers play an important
role in educational reform and science education (ONEC, 2001; Pongsopon, 2003;
Pitiyanuwat, 2004; Roadrangka, 2004). In Thailand, teachers are widely accepted as
the heart of the learning reform because they are the most significant and
indispensable component in the teaching and learning processes occurring in
classrooms (Office of Rajabhat Institute Council, 2002). Teachers additionally play an
important role in facilitating learning and development of students who are regarded
as an indicator of success in economy, society, politics, education, culture, science
and technology development (Pornsrima, 2002) and an important resource of the
nation in the future (Secretariat of the Teacher Council, 1994).

The national requirements for teacher preparation and development seek to
encourage teachers to organize the learning process. The success of educational
reform depends on the quality of teachers and their cooperation (Jurawatanaton, 2003).
Nevertheless, the quality of in-service teachers has regressed considerably in recent
years (Sinlarat, 1999). Thailand attaches great importance to improving the status and
quality of teachers and education personnel. The teacher acts as a facilitator who
provides students with activities to change them from any alternative conceptions to
scientific conceptions. The facilitator also has roles in: discovering what the students
are thinking; helping students to clarify and to reflect on their own ideas; challenging
student’s ideas; developing school-based science curriculum, planning lessons,
developing instructional media; and assessing and evaluating student learning, and so
on. The role of the teacher as facilitator and the learner-centered approach, based on

constructivist-based teaching and learning perspectives, will contribute to the success



of learning reform in Thailand (OEC, 2004). According to Pillay (2002) and Narot
(2004), Thai teachers lack an understanding of the concept, principles, and processes
involved in these new approaches of teaching and learning and also have negative

attitudes towards the new methods. Pillay (2002:15) also notes that:

...As opposed to simply transmitting knowledge, teachers need to
conceptualize knowledge as a personally constructed entity of the learner and
to understand that their role is to facilitate this construction process. They need
to appreciate the complex multidimensional nature of knowledge and know
how to break down the subject content and process to make it simple and

enjoyable for children to learn.

This means that teachers need to gain knowledge of such teaching and
learning methods and believe in them. According to research by Pruet Siribanpitak
(2004), many teachers do not have qualifications that match the subjects they teach,
and out-of-field teaching adds to the difficulties in critical subjects. Teachers have
difficulties in implementing constructivist-based teaching and learning approaches.
These approaches are seen to be radically new for the majority of science teachers
and they are suspicious of their effectiveness. Particularly, there are numbers of
studies document the problems in-service elementary science teaching (ONEC, 2001;
Yutakom and Chaiso, 1999). Thai elementary school teachers often have not enough
pedagogical content knowledge necessary to create a constructivist classroom.
Moreover, most in-service science teachers did not graduate in science (Thongkrai,
2000; ONEC, 2001). The data from the Office of National Primary Education (1994)
pointed out that only 7.7 percent of all teachers graduated in science (ONEC, 2001).
This causes them to be weak in science content and skills, with a resulting lack in
confidence and competence when teaching science. Elementary science teachers with
low confidence cope by only teaching the minimum required and stressing aspects in
which they feel more confident. For example, they may use prescriptive texts,
underplay questioning and discussion, and perform only simple practical work with
basic equipment. When these coping strategies become the norm, pupils’ academic

attainment is limited (Osborne and Simon, 1996; Harlen and Holroyd, 1997). Most



importantly, they lack an understanding about how to represent science content in
ways that are personally meaningful and potentially accessible to students; in other
words, they lack pedagogical content knowledge [PCK] (Tobin and McRobbie, 1999;
Raizen and Michelsohn, 1994 cited in Kelly, 2000). In Thai education an inquiry
approach is the main strategy for teaching science following constructivist approaches.
The National Science Education Reform advocates that science teachers should
engage students in doing and thinking about inquiry, and renew emphasis on teaching
about the nature of science (Institute for Promotion of Teaching Science and
Technology [IPST], 2002b). Most in-service science teachers have a vague meaning
of scientific inquiry in the classroom that has taken on different forms; while
researchers and teacher educators may have very different views and practices
(Crawford, 2000). These are some of the reasons as to why science teachers cannot
shift toward more learner-centered and more inquiry-centered K-12 classrooms.
Therefore, the main factor that supports creating a more ‘learner-centered classroom
environment is the teacher’s pedagogical content knowledge. In particular, this issue
can be related to the Thai context since recent low achievement in science was
evidenced in every subject in Thailand’s National Test, taken by students at the end of
grades 3, 6, 9 and 12. In order to provide students with opportunities and activities to
learn science in line with these educational reform guidelines, it is suggested that
science teachers use the teaching approach associated with student-centered learning
(OEC, 2004).

Research Questions and Research Objectives
This study examines the enhancement of elementary science in-service teachers’
pedagogical content knowledge [PCK] through the co-teaching model [CTM]. The
research objectives are expressed through the following research questions.

Research Question 1

1. What are the understandings and practices of elementary science
teachers’ PCK prior to participating in the CTM?



1.1  What are teachers’ understandings and practices about subject
matter knowledge?

1.2  What are teachers’ understandings and practices about
pedagogical knowledge?

1.3  What are teachers’ understandings and practices about

knowledge of context?

Research Question 2

2. What were the characteristics of a CTM that appeared to be the most

effective in bringing about changes in the teachers’ PCK?

Research Question 3

3. What are some of the characteristics of the PCK developed by
elementary science teachers when engaging with the CTM?
3.1 Do any changes occur in the teachers’ understandings and
practices about subject matter knowledge?
3.2 Do any changes occur in the teachers’ understandings and
practices about pedagogical knowledge?
3.3 Do any changes occur in the teachers’ understandings and

practices about knowledge of context?

Research Question 4

4. What do factors constrain or support the elementary science teachers’

implementation of the CTM?

Research Objectives

This research aims to:



1. Document elementary science teachers’ current pedagogical content

knowledge

2. Examine the development of elementary science teachers’ pedagogical content

knowledge when engaging in a co-teaching model.

3. Explore the factors that support or obstruct elementary science teachers in
developing their pedagogical content knowledge during their implementation of the

co-teaching model.

Anticipated Outcomes

At the completion of this study, the researcher expects the anticipated following

outcomes:

1. This study might be useful for professional developers to generate new
programs that provide an opportunity to develop elementary science teachers’

pedagogical content knowledge that relies heavily on national education goals.

2. Professional developer will have an exemplary model of professional
development through co-teaching for enhancing elementary science teaching practices

by developing teachers’ pedagogical content knowledge and effective practice.

Definition of Terms

Four important terms introduced in this study are operationally defined as

follows:

Pedagogical Content Knowledge [PCK] is referred to a specific category of
knowledge for teaching science that is conceptualized as a blend of content

knowledge into pedagogical knowledge for application these knowledge realizing on



context to enables science teachers to transform particular content knowledge into
form that is understandable for diverse group of students. The first component of PCK
is regarded on understanding and practice of science content; the second aspect is
understanding and practice on pedagogical knowledge that also has five subtopic (the
purposes for teaching science, instructional strategy, learner and learning, science
curriculum, and science learning assessment); and the last component of PCK for the
study is understanding and practice of context (community, school, and student). The
PCK’s elements are intertwined and should be used in a flexible manner. The more
representations teachers have at their disposal and the better they recognize learning
difficulties, the more effectively they can deploy their PCK.

Teaching Science by Inquiry is largely defined by the teacher’s practice in
the classroom. From a pedagogical perspective, inquiry-oriented teaching reflects the
constructivist model of learning, often referred to as active learning. Teaching science
by inquiry is referred to a teaching approach in science subject that comprises of four
aspects of its essential features involving the role of the teacher, the role of the
students, the instructional objective, and the instructional process. These essential
features are derived from the goals of science teaching and learning, the role of
teachers and students in science classroom, and the inquiry-oriented activities
suggested by the NSCS (DCID, 2002: 3, 35-36), the 5Es inquiry process guided in the
Manual of Science Teaching and Learning (DCID and IPST, 2002: 79-80), the
scientific inquiry defined by the NSES (National Research Council, 1996: 23) and the
essential features of classroom inquiry (National Research Council, 2000: 24-27) . In
classrooms where students are encouraged to make meaning, they are generally
involved in developing and restructuring their knowledge schemes through
experiences with phenomena, through exploratory talk and teacher intervention
(Driver, 1989). The role of inquiry teacher is a guide, a facilitator, a motivator, and a
researcher for students’ learning. Therefore, the features of classroom inquiry are as

follows:

a) Learners are engaged by scientifically oriented questions.



b) Learners give priority to evidence, which allows them to develop
explanations that address scientifically oriented questions.

C) Learners formulate explanations from evidence to address
scientifically oriented questions.

d) Learners evaluate their explanations in light of appropriate
explanations, particularly those reflecting scientific understanding.

e) Learners communicate and justify their proposed explanations.

Elementary In-Service Science Teachers are persons who are teaching in the
upper elementary level (Level Standard 2, grade 4-6) of public schools.

Co-Teaching Model [CTM] is referred as a professional development
program established in this study. It aims to enrich elementary science teachers’
understanding and practice of PCK in their own classrooms. The CTM emphasizes
collaboration and communication among all members of a team to meet the needs of
all students. A CTM team consists of researcher, science educator and three
elementary science teachers. The team comes together for a common purpose,
typically to teach a wide range of learners more effectively. Keys to successful co-
teaching include co-planning, disposition, teaching and evaluating. All members of
the CTM share a goal in developing the two teachers’ practices of teaching in science
concept through an inquiry-based approach. The CTM is designed based on a number
of principles consistent with the desirable features of teacher professional
development program in Thailand. These features include: a) having long-term
support for teachers both in groups and as individuals, b) conducting in teachers’
actual classroom, c) encouraging teachers to change their practice, d) being part of the
teachers’ regular duties, €) promoting collaboration between teachers and the program
facilitator, f) empowering teachers’ sense of ownership, g) requiring teachers’
willingness, and h) working in a friendly atmosphere (OEC, 2004; Puntumasen,
2004).



Summary

Thailand promulgated the National Education Act as the first comprehensive
education law in 1999. The main objective of this Act is to improve the quality of
Thai learners. Therefore, this Act requires the teaching profession to be developed on
a continuous basis and emphasizes the shifts in pedagogical practices away from the
teacher-centered toward the learner-centered approach. The heart of education reform
is teachers who play a significant role to develop the quality of learners. It is therefore
essential for the development of individual teachers to be able to reform the learning
process in accordance with the requirements of a knowledge-based society in order to
improve the quality of learners or students to their full potential. Thai science teachers
need to use teaching approaches associated with constructivist-based views of

learning. They have to shift their role away from a director towards a facilitator.

Science teachers attempt to acquire knowledge for teaching which is called
pedagogical content knowledge [PCK] because this knowledge helps them to create
constructivist classrooms and provides the opportunity for their students to learn
science through an inquiry approach. The PCK has been described as the hallmark of
teaching and PCK has become a central focus in learning how to teach particular
subjects. In the Thai context, school-based training is a new paradigm to develop the
teachers and the teaching profession as well as in-service professional development
that contributes to the success of the learning reform in Thailand. In responding to the
demand for capable Thai science teachers, the co-teaching model will be designed for
the development of science elementary teachers” PCK. This study sought to
investigate how elementary in-service science teachers developed and brought their
PCK into teaching practice in their classrooms through the co-teaching model. The
findings provide an in-depth understanding of whether or not elementary in-service
science teachers’ PCK is developed from the co-teaching model and whether or not it

is sustained.
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Overview of the Study

To provide a reader an overview of coming chapter, the following paragraphs
provide the conclusions of each coming chapters that explains important components
to guide this research study. These components include the context of the study,

theoretical perspectives, epistemology, methodology, and finding and discussion.

Chapter 2, a literature review, provides the reader with an understanding of a
Thai teacher education context which includes the details of the National Education
Acts B.E. 2542 (1999), and details of teacher development. This section describes the
National Education Act B.E. 2542 (1999) and Amendments (Second National
Education Act B.E. 2545 (2002)). The theoretical perspective and epistemology part
provides a description of constructivist theory based for the teaching-learning reform
in Thailand. The constructivist theory describes how people construct their knowledge
by interacting with the physical and social world (Fosnot, 1996). This theory is
implemented to guide this study to determine what and how elementary science
teachers construct teachers’ PCK in and after engaging with the co-teaching model.
Teachers’ pedagogical content knowledge and professional development for science
education also present with this chapter. Particularly, literatures of co-teaching models
are described in this section. These topics are proposed to outline and provide an

understanding of theoretical perspective of this study.

Chapter 3, research methodology, describes grounded theory that is used to
guide the research process. Activities that are used in CTM are presented in this
chapter too. A variety of research methods such as interview, classroom observation,
questionnaires and documents are presented in this chapter. Data collection and
analysis are described to present how data is collected and analyzed in each phase of

the study.

Chapter 4 consists of three case studies which provide the results to address
research questions: “What are the understandings and practices of elementary science

teachers’ pedagogical content knowledge prior to participating in the CTM?” and
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“what are some of the characteristics of the pedagogical content knowledge developed

by elementary science teachers when engaging with the CTM?”

Chapter 5 provides the findings of a cross cases analysis to determine whether
there are any common patterns across the cases regarding changes in the teachers’
PCK. In doing so it addresses the other two research questions: “What were the
characteristics of a co-teaching model that appeared to be the most effective in
bringing about changes in the teachers’ pedagogical content knowledge? And what
factors constrain or support elementary science teachers while implementing with the

co-teaching model?”

Chapter 6 presents the conclusions, discussion and recommendations of the
study, in particular as they relate to issues associated with the professional
development of science teachers in Thailand.



CHAPTER I

LITERATURE REVIEW

Overview of the Chapter

The first and second sections of this chapter comprise a literature review of the
teaching and learning reform and the National Education Act and science education in
Thailand. The third section is a review of pedagogical content knowledge where
dimensions of PCK are reviewed. The objective here is to discuss the purposes of
PCK and its impact on science teacher education and student learning. The
components of PCK are discussed and used to guide the researcher towards
a definition and model for PCK suitable for the Thai educational context. Then the
literature on developing teachers’” PCK is reviewed focusing on the variety of
strategies and contexts used in teacher education programs to promote in-service
teachers’ PCK. Several guiding principles in developing a PCK-based intervention for
Thai in -service teachers are outlined. The last section is a review of profession
development. The strategies for professional development and professional
development in Thailand are discussed. The empirical literature on co-teaching model
is examined and used to create a potential model for use in this study as an

intervention to improve teacher knowledge.

The Teaching - Learning Reform and the National Education Act B.E. 2542
(1999) and Amendments (Second National Education Act B.E. 2545 (2002))

In 1997, after a decade of serious financial and industrial development,
Thailand suffered an economic crisis. In response to this predicament, King Bhumipol
proposed a philosophy known as Sufficiency Economy Philosophy [SEP] to address

the root of the problem at the educational level.
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According to Krongkaew (2003), the philosophy can be summed up in one

paragraph as follows:

...Sufficiency Economy is a philosophy that guides the livelihood and
behaviour of people at all levels, from the family to the community to the
country, on matters concerning national development and administration. It
calls for a ‘middle way’ to be observed, especially in pursuing economic
development in keeping with the world of globalization. Intelligence,
attentiveness, and extreme care should be used to ensure that all plans and
every step of their implementation are based on knowledge. At the same time
we must  build up the spiritual foundation of all people in the nation, so they
are conscious of moral integrity and honesty and they strive for the appropriate
wisdom to live life with forbearance, diligence, self-awareness, intelligence,

and attentiveness.

The economic, political, cultural and social crisis is the important factor
driving the reform in Thai education. The urgently needed reform is intended to
rescue the country from the downward spiral, and education is a major tool for
developing the quality of Thai people. The fact of the crisis has brought the re-
examination of the country’s human resource development system and set the stage
for across the board reform of Thai education. Recognizing the urgent need for
education reform, the government, acting through the Office of the National
Education Commission [ONEC] under the Prime Minister’s Office, has formulated
policies and plans to bring about necessary changes within the Thai system. ONEC
has also prepared legal provisions on education for consideration of the Constitution
Drafting Council with the results that the 1997 Thai Constitution contains extensive
provision for education, including equal rights for a 12-year basic education program
that is of sufficient quality and is free of charge for all students. Part of this reform
includes the promotion of local wisdom and national arts and culture, and the
development of the teaching profession. The result of this reform movement is the
National Education Act B.E. 2542, which became effective in August 1999. The Act

represents an unprecedented and long over-due break from traditional Thai
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educational norms. The Act also sets out to decentralize finance and administration
and gives individual teachers and institutions more freedom to set curricula and
mobilize resources. The principle objectives of the Act are to ensure that Thai
education aims for the full development of people in all aspects: physical and mental
health, intellect, knowledge, morality, integrity, and the pursuit of a desirable lifestyle
in accordance with society and in harmony with other people. The year 2006 was
declared as the Year of Teaching-Learning Reform by the Ministry of Education. The
reform goals were to accelerate Thailand’s transformation into a lifelong learning
society, and to strengthen the capacities of its citizens in analytical thinking and self-
learning, and to instill high moral values. The studies have been conducted on
learning innovation, brain-based learning, provision of education for gifted children
and youth, models for inculcation of moral and ethical values, integration of research
into the learning process, and research and development studies of learner-centered
models (OEC, 2006a). The reform has been concerned with the following three main
areas (OEC, 2006c).

a) The reform of learning processes includes curriculum, instruction,
evaluation and assessment and admission, and utilization of technologies for

education.

b) The reform of teachers, faculty staff and educational personnel includes
the reform of teacher production and teacher education institution, the development
and promotion of teachers, faculty staff, and educational personnel, the professional
standards development and control, and the reform of the personnel management of

teachers, faculty staff and educational personnel.

¢) The educational standards and the quality assurance system.

Some implications of this reform are that both teachers and students must
change their roles. Teacher must change from a “teller” to a “facilitator”, while
learners must develop the capacities to learn by themselves. The Thai education

system has long emphasized a “chalk and talk” pedagogy and rote learning, and has
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placed importance on school education with teachers as the center of teaching-
learning activities. In addition, the knowledge was not relevant to the needs of
learners and community (ONEC, 2000; Kaewdang, 2001). The Act also provides that
the state should promote the running and establishment of all types of lifelong
learning resources, such as public libraries, museums, art galleries, zoological gardens,
and other sources of learning (Kaewdang, 2001; ONEC, 2002).

Section 24 of the 1999 National Education Act places emphasis on a student-
centered approach (ONEC, 2003). Teaching and learning approaches that are learner-
centered are the main approaches of education reform (ONEC, 1999). Learner-
centered approaches are largely based on the constructivist learning theory.
Constructivism has become a central epistemology in education (Tobin, Tippins, and
Gallard, 1994) and this has implications for science education. Jean Piaget’s account
of children’s learning as a process of personal, individual, intellectual construction
arising from their activity in the world. Piaget believed that the individual constructs
his or her own knowledge and meaning using two major principles to guide
intellectual growth and biological development: adaptation and organization.
Assimilation and accommodation are both part of the adaptation process. Piaget
believed that human beings possess mental structures that assimilate external events,
and convert them to fit their mental structures. Moreover, mental structures
accommodate themselves to new, unusual, and constantly changing aspects of the
external environment. The construction of knowledge is regarded of process of
personal, individual, intellectual construction. Ernst von Glasserfeld (1993) argued
that when people construct knowledge, their previous knowledge influences that
construction. He proposed radical constructivism that denies transmitting knowledge
from the person’s mind to other minds. The radical constructivism assumes that
learners can construct knowledge from their own experience and they can know about
reality in a personal and subjective way (Topin and Tippins, 1993; von Glasersfeld,
1993). Then sociological constructivism is presented by a French sociologist. This
sociological tradition maintains that scientific knowledge is socially constructed and
vindicated and it investigates the circumstance and dynamics of science’s construction.

Therefore, based on the constructivism, learner-centered approaches emphasize that
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learners develop their own understanding of the different topics, and learning
activities are prepared with regard to individual differences. The learners have
opportunities to participate with peers, communities, and the environment and they

can apply their knowledge to real life situations (ONEC, 2002).

With the view toward facilitating educational programs and teachers to
organize the learning process, it is believed that teachers can choose the most
appropriate situations to endow students with virtue, competence and happiness
(ONEC, 2000). Therefore, teacher development is contained in the Thai teaching-
learning reform in chapter 7 (section 52 — 57). This prescribes the development of
teachers, faculty staff, and educational personnel with an emphasis on a paradigm
shift in teacher development. The professional development is focused on the
development of linkage between assessment of the teacher’s professional competency
and the learner’s achievement (OEC, 2006a). In the next section, science education in
Thailand is discussed including the goals of teaching and learning science and the

science curriculum framework in Thailand.

Science Education in Thailand

The Eighth National Social and Economic Development Plan (1997-2002) aim
Thailand that must become part of the nations of the world. Thai citizens should
be prepared their education for the coming century. This plan emphasizes the
development of human resources in science and technology. In addition, the ninth and
tenth National Social and Economic Development Plans also adopt the philosophy of
sufficiency economy as the guiding principle of national development and
management. Therefore, the government of Thailand recognizes that these goals can
only be achieved through the education system. The National Education Plan has
stated that the primary goal is education that can develop all Thai citizens. The 1997
Constitution (Office of the Council of State, 2005) and 1999 National Education Act
(Office of the National Education Commission [ONEC], 1999) lay an important
foundation and play roles in Thai education reform. The National Education Act

emphasizes the learning process that enhances Thai people in the following ways: to
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be aware of politics and a democratic system of government under a constitutional
monarchy; to have the ability to protect and promote their rights, responsibilities,
freedom, respect of the rule of law, equality, and human dignity; and to be proud of
Thailand and promote its religion, art, national culture, sports, and local wisdom. The
education provision shall be based on lifelong learning with a balanced orientation of
knowledge, skill, and attitudes. The aim is for all learners to learn to be able to adjust
to world trends and events, and to develop desirable characteristics including virtue,
competency, happiness, and self-reliance (ONEC, 1999). In doing so, Thai education
focuses on three types of education: formal, non-formal, and informal. Education shall
be based on the principle that all learners are capable of learning and self development,
and are regarded as being important. Many schools curricular respond to the
educational reform and the King’s philosophy developing teaching and learning
process to reach the national education goal. The ninth National Social and Economic
Development Plan emphasize that scientific and technological knowledge and skills
should be integrated through formal, non-formal and informal education setting.
Therefore, in 1999, the document was created by the Institute of Promotion of Science
and Technology Teaching [IPST] that plays a major role in the teaching of science,

mathematics and information technology in Thailand.

Globalization enhances Thai education that should realize the importance of
science concept and the process of acquiring knowledge. In order to achieve science
and technology goals, the science curriculum, the teaching and learning process, the
assessment of student outcomes, and science teacher training need to change. A new
science curriculum framework has also been formulated to help Thai people reach
scientific literacy. The science curriculum framework has been prepared at two levels:
national and institutional. At the national level, the science curriculum is one
curriculum out of eight subject areas (Thai language, science, social studies, religion
and culture, hygienic and physical education, arts, home economics and technology,
and foreign languages) in the basic education curriculum (Ministry of Education,
2001). The national curriculum framework provides broad objectives, curricular
strands, and standards for curricular content and learning outcomes, and assessment

and evaluation methods of teaching and learning for science subjects (IPST, 2002).
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Following the vision of science learning, IPST has incorporated the inquiry
approach in teaching and learning science. Therefore, inquiry- based teaching and
learning process is consisted into the aspects for developing of quality science
teaching. According to the National Science Educational Standard [NSES], scientific
inquiry refers to the methods and activities that lead to the development of scientific
knowledge. Scientific inquiry that involves making observations; posing questions;
examining books and other sources of information to see what is already known;
planning investigations; reviewing what is already known in light of experimental
evidence; using tools to gather, analyze, and interpret data; proposing answers,
explanations, and predictions; and communicating the results. Inquiry requires
identification of assumptions, use of critical and logical thinking, and consideration of

alternative explanations (NRC, 1996).

For a constructivist classroom, scientific inquiry involves learner-centered
approach, with students actively engaged in inquiry processes and construction of
meaning, with teacher guidance, to achieve meaningful understanding of scientifically
accepted ideas targeted by the curriculum (Minstrell and van Zee, 2000). Moreover,
inquiry approach is a set of scientist’s processes and students pose questions about the
natural world and investigate phenomena. Therefore, inquiry is more than asking
questions. The meaning of inquiry in science education can vary as much as the
methods of the scientific inquirer themselves. In addition, Bybee (2000) also
described “science as inquiry” as comprising three main element