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This research studied the effects of the ESRU-guided inquiry-based curriculum on
preservice science teachers’ understanding inquiry, practicing inquiry and core teaching
conceptions. The research consists of two phase: 1) developing the ESRU-guided inquiry-
based curriculum 2) implementing the ESRU-guided inquiry-based. In phase one, there
were twenty eight volunteer preservice science teacher participated in the pilot study. In
phase two, the curriculum implementation, there were twenty three volunteer preservice
science teacher participated in the process.

The curriculum consisted 1) ESRU cycle 2) guided inquiry-based learning
experience about rice farming crisis and 3) reflective writing about core teaching
conceptions. The pre- and post test one group experimental designed was use in order the
tracked the changes in preservice science teachers’ understanding of inquiry, practicing
inquiry and core teaching conceptions. Frayer model was used to evaluate understanding
inquiry before and after implementation. Participants were asked to design one inquiry-
based lesson plan before and after the curriculum implementation to evaluate the changes
of practicing inquiry. The questionnaire about core teaching conception was use before the
implementation and the reflective writing activity during the curriculum implementation were
the evaluation for the changes of core teaching conceptions.

The data indicated that before the implementation, participants understanding
inquiry as a process of searching existing scientific knowledge. Most of the participants
used 5E model to design inquiry-based lesson plan with the misconception about
expanding and evaluation (step four and five). The strongest core teaching conceptions that
participants held which could lead to not practice inquiry in the class was the idea of

students as a limited learning ability. The participants thought that students might not ready



for learning through inquiry. After the curriculum implementation, participants understand
inquiry as the way scientist do science. For practicing inquiry after the implementation,
participants used more structure of five features of inquiry beside 5E model. Finally, core
teaching conceptions of the participants after the curriculum implementation understand
that students have the expandable learning ability. The findings showed that when the
preservice science teachers understand inquiry as the process of learning new thing;

therefore, they think of students as the expandable learning ability.
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CHAPTER 1
INTRODUCTION

Background

It has been more than decades that many countries around the world have been
focusing on educational reform. Science education has been more than the center of
attention arena as the key for improving education. Why is that? Considering that science
and technology has become a key role in the global evolution, scientists have a role to play
as the leader of global development. Science education paradigm has been slowly shifting
from studying science as a body of content to studying science as the way scientists work
which is well known as “inquiry approach”. Through these years research studies of how
inquiry influences student performances and other areas in education have been examined
and published for serving the demand of science education communities (Taylor; et al.
2008; Crawford. 2007; Eick; & Reed. 2002; Minner; Levy; & Century. 2010). There has been
proven evidence of scientific inquiry enhancing student performance, nature of science,
higher order thinking etc. (Schwartz; Lederman; & Crawford. 2004; Ruiz-Primo; et al. 2010).
These findings from research studies encourage teachers to bring scientific inquiry to their
classroom practices, reflecting more findings and understanding about practicing inquiry in
the classroom. Most importantly, the student outcomes as they can perform inquiry-based
tasks as a scientist, solve problems systematically, make decisions based on evidence and
articulate their ideas of inquiry are qualities that teachers want their students to be capable
of. As the results of a set of skills concerning scientific inquiry that students gain from
inquiry-based class, the purpose of the education reform will be achieved. Studying of how
to appropriately approach inquiry into classroom will still be very exciting methodology to
examine. (Forbes; & Davis. 2010; Windschitl; Thompson; & Braaten. 2003; Apedoe. 2008)

According to the educational reform occurring around the world, the necessity
and demand for the reform of education raised up, consequently the National Education Act
of B.E. 2542 (1999) was passed as the guiding principles for education reform (ORE. 2002).
The goals of the National Education Act are to develop learners in four areas: morality,

intellectual growth, quality of life, and competitive ability. Education institutions are



burdened with the responsibility of managing learning development which emphasizes
thinking processes, managing and confronting real situations, applying knowledge for
solving problems. (Ministry of education. 2001)

Take a closer look at the scientific area. The Institute for the Promotion of Teaching
Science and Technology (IPST) (2011: Online) developed The Basic Education Core
Curriculum B.E. 2551 (A.D. 2008). Science consists of eight standard areas, which can be
divided into seven standards of explicit content based and one standard of implicit skill
based. The first to seventh content based standards are placed as guideline content for
science teacher for classroom practicing, including the eight standard of nature of science
and technology along with every content based standard. Consequently, the teachers have
to plan the classroom practice to approach the content based standards while students are
learning eight standards implicitly. The eighth standard itself consists of scientific skills,
scientific mind, scientific inquiry and understanding of the nature of science. However,
thinking about inquiry as an approach that scientists use to construct new knowledge, and
using inquiry approach in science classroom practicing can bridge the alignment of science
standards requirements with the actual classroom practicing. Underlying the science
education attention about inquiry, it clearly points out the benefits of applying inquiry
approach in the classroom practice, which will yield positive influence on teachers,
students, and science educators.

However, as a key role of educational process, science teachers themselves need
to have a clear concept of inquiry, and then integrate it with the science body of knowledge
to create the inquiry-based classroom curriculum. Starting to teach science as a beginning
science teacher could be very difficult when constructing inquiry based classroom practice.
There are problems that beginning science teachers are struggling with during the first year
of professional science teaching. Many factors that influence them to implement inquiry-
based classroom practice include the perception of inquiry among the beginning science
teacher themselves, prior experience of practicing inquiry, background of inquiry-based
course they were taken in the university, support of the mentors, school culture, professional
development experience etc (Windschitl; Thompson; & Braaten. 2003; Luehmann. 2007;

Crawford. 2007; Eick; & Reed. 2002; Schwarz. 2009; Forbes; & Davis. 2010).



Based on the constructivist theory that students construct new knowledge from the
prior knowledge, helping beginning teachers to deal with applying inquiry approach to
classroom practice and the prior inquiry based course experiences of the preservice
science teachers can be substantially important. Preservice science teacher period is the
peak time of teacher students to experience professional life. The experience they learn will
build up the core beliefs in science teaching (Schwarz; & Gwekwerere. 2007; Forbes; &
Davis. 2010). Also in Thailand, many research studies reported the need of preservice
science teachers for the better real experience teaching preparation.. Also, professional
development could be one of the choices to increase practicing skill for preservice science
teachers.

Moreover, there were many studies discovering the gap between understanding
inquiry and practicing inquiry in the classroom. Many teachers understand what inquiry is,
and realize how important teaching science is as the way scientists work will bring the best
outcome for students, but still use other approaches besides inquiry in the classroom
practice. Until the linkage of understanding and practicing inquiry of science has been
found out by a study of Schwarz (2007) about the influence of core teaching conceptions on
teachers’ use of inquiry teaching practices, the results revealed that a set of four core
conceptions guided science teachers use of inquiry-based practices in their classrooms.
The teacher’s conceptions of science, their students, effective teaching practices, and the
purpose of education influenced the type and amount of inquiry instruction performed in the
classroom. Researchers claimed that to be successful inquiry professional development
must not only teach inquiry knowledge, but it must also assess and address teachers’ core
teaching conceptions. Additionally, the findings of Riuz-Primo (2007) include ESRU cycles —
the teacher elicits a question; the student responds; the teacher recognizes the student’s
response; and then uses the information collected to support student learning- showed the
higher performance of students in her study about understanding in the context of scientific
inquiry than the traditional cycles of inquiry. Underlying the importance of prior knowledge of
students (Akerson; & Hanuscin. 2007) the idea of using ESRU-guided inquiry-based

curriculum to experience preservice science teacher seem to be interesting.



According to all information above, helping preservice science teacher to be more
understanding and practice inquiry by bridging the gap of understanding and practicing
inquiry with the ESRU-guided inquiry-based curriculum will smoothly connect the inquiry
oriented experience for preservice science teachers. This research will present the
framework of constructing the ESRU-guided inquiry-based curriculum professional
development for preservice science teachers, find out the core conceptions preservice
science teachers hold before the curriculum, experience inquiry based project during the
curriculum, articulate their understanding and reflect the experience, and finally find out how
they change those core teaching conceptions related to the degree of understanding and

practicing inquiry.

Research Objectives
The purposes of this research are summarized as follows :

1. To develop the ESRU-guided inquiry based curriculum for preservice science
teachers. The curriculum development was based on inquiry approach.

2. To explore the use of ESRU-guided inquiry based curriculum on preservice
science teachers’ understanding of inquiry, practicing inquiry and core teaching
conceptions by analyzing the quantitative data and supporting with the qualitative data.

3. To evaluate the ESRU-guided inquiry based curriculum based on the critical

level of professional development evaluation.

Research Questions

This research focuses on developing inquiry-based curriculum for preservice
science teachers with an emphasis on the relationship of preservice science teachers’ core
conceptions and the degree of understanding and practicing inquiry. The research

questions are :



1. Do preservice science teachers’ understanding and practicing inquiry
significantly increase after participating in ESRU-guided inquiry based curriculum?

2. What are teachers’ core teaching conceptions that preservice science
teachers hold before and change after participating in ESRU-guided inquiry based
curriculum?

3. What are the interrelations of the core teaching conceptions with

understanding inquiry of the preservice science teachers?

Significance of the Study
Beginning teachers struggle when starting their professional teaching career,

dealing with science standard education, creating inquiry-based curriculum, managing
classroom activities, and trying to improve students’ performances (Crawford, 2007;
Schwarz, 2009; Forbes; & Davis, 2010) A clear concept of inquiry for teaching science as
the way scientists work such as modeling, observing, presenting, and arguing, encourage
students to actively engage in the content matter. This will hopefully lead to an increase in
understanding and practicing inquiry in preservice science teachers as the result of
facilitating beginning science teachers. Moreover, finding the relationships between
preservice science teacher’s core teaching conceptions and the level of understanding and
practicing inquiry will bridge the gap between understanding and practicing inquiry, and
hopefully the inquiry-based oriented transformation in preservice science teachers will be
revealed from findings of this research. This research is important because

1. It will create an ESRU-guided inquiry-based curriculum that improve an
understanding and practicing inquiry as a professional development for preservice science
teachers and also inservice teachers.

2. It will yield important information of preservice science teacher’s core teaching
conceptions which will be useful guideline for improving science teacher preparation

curriculum in the future.



3. It will yield important information of the most influential core teaching
conception on practicing inquiry and lead to the future research of enhancing practicing
inquiry in the classroom by focusing on the most influential core teaching conception

revealed from this research.

Delimitations
Population
Population in this research is the preservice science teachers of a five years teacher

preparation program at Rajabhat Universities.

Participants/Sample

Phase 1: Curriculum Survey

The target samples were 67 preservice science teachers in the fourth year of a five-
year teacher preparation program at Rajabhat University.

Phrase 2: Pilot Study

The target samples were 28 volunteered preservice science teachers in the fourth
year of a five-year teacher preparation program at Rajabhat University.

Phrase 3: Curriculum Implementation

Target samples were 23 volunteered preservice science teachers in the third year of

a five-year teacher preparation program at Rajabhat university.

Variables
1. Independent variable is the ESRU-guided inquiry-based curriculum.
2. Dependent variables are the levels of

a. understanding inquiry

b. practicing inquiry

c. the preservice science teachers’ core teaching conceptions.



Definitions

1. Curriculum : the curriculum in this research is the set of well planned activities in
order to change students’ behaviors to intended goals (Uttaranun. 1989:16). The structure of
the curriculum will be based on the ESRU-guided inquiry approach.

2. Inquiry: The teaching strategy that emphasizes how scientists do science and as
the matter of this strategy in learning science. The definition that can clearly explain inquiry
is the one that was given by the National Science Education Standards (NSES. 1996, cited
in Crowther. 1999) that defines inquiry as: Inquiry is a set of interrelated process by which
scientists and students pose questions about the natural world and investigate phenomena;
in doing so, students acquire knowledge and develop a rich understanding of concepts,
principles, models, and theories. Inquiry is a critical component of a science programs at all
grade levels and in every domain of science, and designers of curricula and programs must
be sure that the approach to concept, as well as the teaching and assessment strategies,
reflect the acquisition of scientific understanding through inquiry. Students then will learn
science in a way that reflects how science actually works (p.214)

3. ESRU-guided inquiry based curriculum : the curriculum that will be used in this
research which consists of 1) ESRU cycle, 2) guided inquiry, 3) reflective writing

a. ESRU cycle is the informal assessment practices model to assess
preservice science teachers prior knowledge in inquiry which stand for:

1) Eis the teacher elicits and questions

2) Sis the student responds

3) Ris the teacher recognizes the students’ response

4) U is the information collected to support student learning.

b. Guided inquiry is the sub level of inquiry that emphasizes the roles of
teachers and students. Useful descriptions of inquiry come from Schwab (1962) and
Colburn (2000) cited in Branchard. 2010, which focuses on three key activities: asking
questions, collecting data, and interpreting those data — guided inquiry curriculum is the
design of curriculum that teachers’ role is only providing questions, and the students’ roles

are collecting data and interpreting those data.



c. Reflective writing is the final part of each unit in order to reflect preservice
science teachers’ core teaching conceptions and see the change occurring during the
intervention by giving the participants the conflict stories about these four main core
teaching conceptions

i. Teachers’ view of science
ii. Teachers’ view of students’ abilities
ii. Teachers’ view of effective teaching
iv. Teachers’ orientations toward teaching science

Participants are asked to reflect their ideas based on the stories and write it
down whether they agree or disagree with the explanations.

4. Understanding inquiry: the understanding inquiry in this research refer to the
understanding of the concept of what inquiry, levels of inquiry and features of inquiry. The
participants are assessed their understanding of inquiry before and after the ESRU — guided
inquiry based curriculum by the two questionnaires and the Frayer's model. The open-
ended questionnaires ask about the definition of inquiry in participants’ idea and include this
item as a part of pre and post questionnaire about core teaching conceptions.

5. Practicing inquiry: the abilities of classroom practicing in this research refers to
the ability to write inquiry based lesson plans that finally are scored by using inquiry scoring
rubric for lesson plan of Forbes (2010) and the teaching demonstration from the lesson plan.

6. Core teaching conceptions : the core teaching conceptions in this research
refer to the set of conceptions perservice science teachers hold in four main areas which
strongly influence the decision making in bringing inquiry to classroom (Lotter. 2007). Those
four core teaching conceptions are

i. Teachers’ view of science
i. Teachers’ view of students’ abilities
iii. Teachers’ view of effective teaching
iv. Teachers’ orientations toward teaching science
All participants were administered a pre-post questionnaire using the modified

questionnaires form SRI interview protocol by Lotter (2007) on these four core teaching



conceptions and the reflective writing determined whether the participants’ core teaching

conceptions changed during the curriculum implementation.

Theoretical Framework

Figure 1 shows framework of the study that evolved as the consequence of the
literatures review of preservice science teachers’ need, science education, inquiry based
approach, and professional development together which become the frame work of this
research. The intention of this research are to increase the understanding and practicing
inquiry, explore the core teaching conceptions and evaluate ESRU-guided inquiry based
curriculum.

The relation of independent factor as and the dependent factors together shaped up
the framework for this study. Scientific inquiry is the required skill in every science education
standard according to the Thai National Standard. The assessments are authentic
assessments consisting of qualitative information and quantitative information in order to
confirm each other. The teaching and learning process are guided inquiry based approach.

This research hypothesized that the participants of the ESRU-guided inquiry based
curriculum showed the increase in understanding and practicing inquiry, and the correlation

of core teaching conceptions and practicing inquiry.
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Dependent factors
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1. understanding inquiry

- Pre — post Frayer

model

- Pre — post Frayer

model

2. Practicing inquiry

- Pre — post inquiry

scoring rubric for

- Observation

forms of project

Output

lesson plans presentation
- Project report form
3. Core teaching conceptions Pre — post - Pre — post

questionnaires

questionnaires

- reflective writing

Figure 1 Theoretical Framework

The following chapter, Chapter 2, is the literature review concerning designing

professional development, scientific inquiry, and preservice science teacher professional

development. Chapter 3 details the methodology which is used in this research.




CHAPTER 2
LITERATURE REVIEW

Introduction

This chapter is the review of important research studies that are related to this
research. The literature reviews aim to identify the various relevant background knowledge
in science education that can be used to describe: 1) preservice teacher; 2) inquiry-based
approaches;
3) professional development; and 4) preservice teacher, inquiry-based approach and
professional development interrelated to the idea of this research. The purpose is to present

a broad view of related theories and previous research studies conducted.

2.1 Preservice teacher

Subsequent to the Asian economic crisis emanating in July, 1997, The Kingdom of
Thailand has undertaken an extensive program of reformation in numerous policy arenas.
Among the most important of these reforms is that of education. The analysis from the report
synthesized by Fry (2002) suggests that Thailand is not achieving its potential in the
education and human resource development areas. Although it spends a relatively high
percentage of its’ national budget on education, Thailand continues to lag behind on key
indicators of international competitiveness in human resource development. One of the
recommendations is the need to promote quality teacher learning.

Thailand’s plan for teacher development in support of education reform

Building on the National Education Act of 1999, the work of the Office of Education
Reform (OER) (1999-2002), the extensive work of the Teacher Education Reform Office
(TERO), the new curriculum of the Ministry of Education (MOE), the Thai government has
developed a major and systematic plan for teacher development in support of educational

reformation. The plan has involved the following key elements (Fry. 2002: 26):

® The establishment of the Office of Teacher Education Reform (TERO)
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® The development of a program to identify and recognize national, master
and lead (“spearhead”) teachers as a means to enhance the teaching profession and
develop a corps and expanding network of learning-reform minded teachers who could
assist their peers in becoming more effective teachers. The government has also
established a program to identify “Thai wisdom” teachers (to promote local knowledge) and

model administrators.

® The establishment of the Teacher Development Task Force (TDTF) and the

Teacher Training Task Force (TTTF)

® The establishment of the Office of Education Standards and Evaluation
(OESE)

® Proposal for a system of teacher licensing and registration. The new system
was

approved by the Cabinet on May 29, 2002.

® Development of two new models for pre-service teacher education:
O a4 + 2 years program (BA or BS and a B.Ed. with a year of
professional classroom practice)
O A5 year program proposed by the Rajabhat Institute.
The major recommendations related to teacher development and learning reform.
® |n terms of teacher development, given the large number of teachers already
in service, this needs to be a priority group. Critical to the success of educational reform is
teachers’ “solid understanding of the concepts, principles and processes involved in the
new approaches of teaching and learning”. Innovation models of delivering training must be
explored which will involve hybrids of school-based training, intensive workshops, and use
of ICT. The emphasis should be on the development of life-long teacher learning.
® \With respect to teacher development, it is critically important to strengthen
both faculties of Education in universities and at the Rajabhat Institutes. Their teaching and
curricula need to be more closely aligned with both Thai local educational realities and

international best practices.
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According to the major recommendation about teacher development and the five-
year program of teacher preparation, the preservice teachers are the important key for
success educational development. The experiences during the teacher preparation scaffold
the shape of teaching conception in preservice teachers, yielding the perspective to start
the teaching profession (Avraamidou. 2010; Demir. 2010; Eick. 2002). One of the most
common problems preservice teachers are struggling with is the teaching strategies,
especially the scientific inquiry approach (Luehmann. 2007).

Windschitl (2003) examined how preservice teachers’ inquiry experiences in a
science methods course influenced and were influenced by their conceptions of inquiry and
assessed how these experiences were associated with eventual classroom practice.
Findings revealed that participants’ project conceptions of the inquiry process were related
to the conduct and interpretation of their own inquiry project, and that the project experience
modified the inquiry conceptions of participants who already have sophisticated
understandings of scientific investigations. Finally, this research supports that independent
science investigations be part of preservice education and that these experiences should
be scaffolded to prompt reflection specifically about the nature of inquiry and conceptually
linked to ways in which inquiry can be brought into classroom. Support with the finding of
Forbes (2010) that preservice elementary teachers were able to accurately assess how
inquiry-based existing curriculum materials are and to adapt them in order to make them
more inquiry-based. It is important for the design of teacher education experiences that help
to develop preservice elementary teachers’ pedagogical design capacities for inquiry, and
the development of inquiry-based science curriculum materials will support preservice and
beginning elementary teachers to engage in effective science teaching practice.

In Thailand, after the educational reform started the five-year teacher preparation
program to produce young blood teachers who will be ready for the educational standard,
there are research findings revealing the need of preservice teachers themselves for the
process of teacher preparation. The needs of the seminar about teaching strategies
especially scientific inquiry were reported (Avraamidou. 2010). However, many efforts of

putting scientific inquiry into teacher preparation has been done since the educational
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reform started. Findings show that somehow teachers who understand inquiry very well
might not bring inquiry to classroom practice (Lotter. 2007).

Summary

After Thailand started the five-year teacher preparation by adding one year of the
teaching experience, there was still the need of preservice teachers for more intensive
teaching preparation, especially the scientific inquiry experience (Avraamidou. 2010).
Support by the research studies that preservice teachers showed a low level of classroom
practice even though they have a high level of understanding inquiry (Lotter. 2007). The
experiences during teacher preparation strongly influence perservice teachers
(Avraamidou. 2010; Demir. 2010; Eick. 2002; Fry. 2002; Windschitl. 2003). Then the need of
inquiry experience is one key role to feed the need of preservice science teachers and

support the educational standard.

2.2 Inquiry

The National Research Council of America stated that “inquiry into authentic
questions generated from student experiences in the central strategy for teaching science”
(NRC. 2000: 29). Inquiry consists of the activities which are students posing questions,
planning investigations, and reviewing what is already known from experimental evidence,
making decisions using evidence-based explanation that demonstrate what scientists do.
“Inquiry requires identifying assumptions, use of critical and logical thinking, and
consideration of alternative explanations” (National Research Council. 2000 : 23; Claxton.
1991:82). The context of scientific inquiry is well presented by Bybee and Ben-Zvi (1998) as
follows:

With respect to the method of science, students should learn a disciplined way of

asking questions, making investigations and constructing explanations of a scientific

and technological nature. The latter can certainly be developed in a personal/society

context. Students should learn that scientific inquiry is a powerful, but not the only,

route for progress in our world. Inquiry should not be taught in isolation but as a tool

for finding answers to questions about the world in which students live... (491-492).
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The National Science Education Standards (NSES. 1996, cited in Crowther. 1999) defines
inquiry as:
Inquiry is a set of interrelated processes by which scientists and students pose
questions about the natural world and investigate phenomena; in doing so, students
acquire knowledge and develop a rich understanding of concepts, principles,
models, and theories. Inquiry is a critical component of a science program at all
grade levels and in every domain of science, and designers of curricula and
programs must be sure that the approach to content, as well as the teaching and
assessment strategies, reflect the acquisition of scientific understanding through
inquiry. Students then will learn science in a way that reflects how science actually
works (p.214).
A Comprehensive definition of Inquiry
Educators typically employ inquiry in the classroom in the service of one or more of
the following goals: (1) understanding how scientific inquiry proceeds and how that shapes
the knowledge in processes (learning about nature of science and scientific inquiry), (2)
being able to successfully perform some semblance of scientific inquiry (learning to inquire),
and (3) constructing and understanding of the knowledge of science (learning scientific
knowledge).

The need of scientific inquiry in the Basic Education Core Curriculum B.E. 2551
(A.D. 2008) Science.
The Basic Education Core Curriculum B.E. 2551 (A.D. 2008) Science emphasized

the need of scientific inquiry implicitly along with all the science standards, startig from the
science learning areas about what is to be learned in science, in the topic of Nature of
science and Technology: scientific processes; scientific inquiry, problem solving, and
scientific mind.

Take a closer look at each learning standard to see the level of scientific inquiry, as
underlined, address in each stand to be implemented in classroom practice as follows:

Leaning standards
Standard 1: Living Things and Living Processes

Standard Sc 1.1 The student should be able to understand the fundamental unit of

living things and the relationship between structure and function of various systems that
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work together, carry out investigative processes, communicate what is learned and apply

the knowledge for one’s own existence and to care for other living things.
Standard Sc 1.2 The student should be able to understand the processes of

reproduction and inheritance, evolution of living things, biodiversity, technological

applications that impact on man and the environment, carry out investigative processes,
develop a scientific mind, communicate what is learned and apply the knowledge gained.
Standard 2: Life and the Environment
Standard Sc 2.1 The student should be able to understand the local environment,
relationship between living things and environment, interrelationship between living things in

different ecosystems, master the investigative processes and develop a scientific mind,

communicate the acquired knowledge for positive use.

Standard Sc 2.2 The student should be able to understand the importance of natural
resources, utilization of natural resources at local, national and international levels, master
the investigative processes and develop a scientific mind, communicate the acquired
knowledge for positive use and sustainable management of natural resources and local

environment.

Standard 3: Matters and Properties of Matters

Standard Sc 3.1 The student should be able to understand properties of matters,

relationship between properties and structures and forces among particles, acquire skills in

investigative processes and develop a scientific mind, communicate acquired knowledge

and apply it positively.
Standard Sc 3.2 The student should be able to understand the principles and nature

of change of states of matters, formation of solution, chemical reaction, master investigative

processes, and develop a scientific mind, communicate knowledge acquired and apply it

positively.
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Standard 4: Forces and Motion
Standard Sc 4.1 The student should be able to understand nature of

electromagnetic force, gravitational force and nuclear force, have experienced investigative

processes and communicate the knowledge acquired and makes correct and ethical use of
it.
Standard Sc 4.2 The student should be able to understand types of motion of natural

objects, apply investigative processes and develop a scientific mind, communicate

knowledge acquired and make good use of it.

Standard 5: Energy

Standard Sc 5.1 The student should be able to understand the relationship between
energy and living, energy transformation, interaction between matter and energy, effects of

energy utilization on life and environment, practice investigative skills, communicate

knowledge acquired and make good use of energy.
Standard 6: Processes that Shape the Earth

Standard Sc 6.1 The student should be able to understand processes that occur on
and inside the Earth surface, relationship between different processes that cause climatic

changes, topography, shape of the Earth, acquire investigative process skills and a

scientific mind, communicate knowledge acquired and apply it.

Standard 7: Astronomy and Space

Standard Sc 7.1 The student should be able to understand the evolution of the Solar
System and galaxies, interactions within the Solar System, their effects on living things on

earth, have experiences in investigative process and develop a scientific mind,

communicate the acquired knowledge and make use of it.

Standard Sc 7.2 The student should be able to understand the importance of space
technology for investigating space, natural resources, agriculture and communication, to

communicate acquired knowledge and ethically apply it for the benefits of living and the

environment.
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Standard 8: Nature of Science and Technology
Standard Sc 8.1 The student should be able to use the scientific process and

scientific mind in investigation, solve problems, know that most natural phenomena have

definite patterns explainable and verifiable with the limitations of data and instrumentation

during the period of investigation, understand that science, technology and environment are

interrelated.

All the underline parts are the emphasized about scientific inquiry needs in every
learning standard in science. For support the learning standards, the learners’ quality is
addressed for the teacher to be focused as a guideline for the classroom practice in each
level as follows (only the scientific concerned part):

Grade 3 Graduates

After completion of grade 3, students should be able to:

- Pose questions about living things, materials and objects as well as various
phenomena in the surroundings; observe and investigate using simple instruments, and
communicate what has been learned through story — telling, writing or drawing.

Grade 6 Graduates

- After completion of grade 6, students should be able to :

- Pose questions related to the topic to be learned; predict several possible
answers; plan and carry out investigations using tools and instruments; analyze data; and
communicate knowledge gained as a result of the investigation.

Grade 9 Graduates

- Pose questions that involve determination and control of variables; examine and
predict several possible answers; plan and carry out investigations; analyze and evaluate
reliability of data; and construct knowledge from the results of the investigation.

- Communicate ideas and knowledge gained from the results of investigations
using various methods including verbal or written presentation, exhibition, or application of
information technology.

Grade 12 Graduates

- After completion of grade 12, students should be able to:
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- ldentify problems; pose questions to be investigated by recognizing
relationships between various variables; search for information from different sources;
propose several possible hypotheses; make decisions to investigate feasible hypotheses.

- Plan an investigation to solve problems or answer questions; analyze and
establish relationships of various variables by applying mathematical equations or creating
models from results of, or knowledge gained from the investigation.

- Communicate ideas and knowledge gained from the results of investigations
using various methods including verbal or written presentation, exhibition, or application of
information technology.

- Apply knowledge and processes of science and technology in life, in learning
and seeking additional knowledge, and in carrying out project work or product creation as
interested.

- Work constructively with others; express opinions, with reliable references and
sound reasoning about the ethical issues related to scientific and technological
development and application which affect the society and the environment; recognize
perspectives of others.

The most important part is the indicators and core content areas that bridge
teachers in the classroom practice with the science learning standard. The eighth standard
is different from other standards because it does not have core content; it only has the
indicators. Considering this characteristic, the teacher must be on their own to integrate the
eighth standard with the teaching process so students can perform the indicators which are
addressed in the Basic Education Core Curriculum B.E. 2551 (A.D. 2008) Science. The
different levels of scientific inquiry stated in the learning standard need more understanding
for the proper classroom practice of inquiry. However, the level of scientific inquiry has
interested researchers in science education areas for many years. Useful descriptions of
inquiry come from Schwab (1962) and Colburn (2000) cited in Blanchard. 2010, who
focuses on three key activities: asking questions, collecting data, and interpreting those

data (see Table 1). The degree of inquiry depends on who is responsible for the activity.



TABLE 1 LEVELS OF INQUIRY (Abrams; et al
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. 2007) cited in Blanchard (2010)

Source of the

Question

Data Collection

Methods

Interpretation of

Results

Level 0: Verification

Given by teacher

Given by teacher

Given by teacher

Level 1: Structured

Given by teacher

Given by teacher

Open to student

Level 2: Guided

Given by teacher

Open to student

Open to student

Level 3: Open

Open to student

Open to student

Open to student

Source: Blanchard, Margaret R. (2010). Is inquiry possible in light of accountability?:
A quantitative comparison of the relative effectiveness of guided inquiry and verification

laboratory instruction. Science Education. 94: P.580.

Sadeh (2009) studied the development of dynamic inquiry using an open inquiry
setting compare to guided inquiry setting. The researcher defined the “dynamic inquiry” as:
learning is a process, changes during the inquiry procedural understanding, and affective
points of views. The study compared the influence of open inquiry versus guided inquiry on
performances among high school biology students. Participants were divided into two
groups: guided and open inquiry approaches. Both groups were followed throughout their
two-year inquiry learning process. The data collected were interviews, students’ inquiry
summary papers, logbooks, and reflections. Using dynamic inquiry performances index to
analyze the data quantitatively, the findings revealed that open inquiry students show
significantly higher levels of performances in the criteria “changes during inquiry” and
“procedural understanding.” However, the study’s results indicated no significant
differences in the criteria “learning as a process and affective points of view.” The
implementation from this research would help to shed light on the procedural and

epistemological scientific understanding of students conducting inquiries.
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Additionally, there are research studies of improving these levels of inquiry
practicing in classroom, one of the interesting models is the work of Ruiz-Primo (2007), who
explored teachers informative assessment practices and students’ understanding in the
context of scientific inquiry. The study presented the model for examining these practices
based on three components of formative assessment (eliciting, recognizing, and using
information) and the three domains linked to scientific inquiry (epistemic frameworks,
conceptual structures, and social processes).

The informal assessment practices model was described as ESRU cycles which

stand for:

E is the teacher elicits question;

S is the student responds;

R is the teacher recognize the students’ response; and

U is the teacher uses the information collected to support student learning.

By following the teacher using ESRU cycle the research can capture differences in
assessment practices across the three teachers participated during the implementation of
four investigations of a physical science unit on buoyancy. Moreover, the researcher can
link students’ level of performance to the teachers’ informal assessment practices. The
results showed that the teacher who more frequently used complete ESRU cycles had
students with a higher performance on the embedded assessment as compared to the other
two teachers (Blanchard. 2009; Sandoval. 2003; Taber. 2003). The researcher claimed that
the ESRU model is a useful and effective informal formative assessment practices and may
be associated with student learning in scientific inquiry classrooms.

David (2004) suggested the small-group collaborative inquiry, better than individual
inquiry, mostly leads to better inquiry products and better learning. The features of effective
use of inquiry methods should consist of 3 characteristics. Firstly, allowing students to
choose the tasks that they will carry out increases in chance that they will be interested in
the topics. Secondly, they have the investigation skills needed for the tasks. Finally, they
have useful prior knowledge. Those three circumstances can produce the motivation and

capabilities required for successful task completion.
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After many decades of attention in inquiry approach, many research studies were

claimed as an inquiry-based instruction implementation. Minner (2010) reviewed the science

education research studies from 1984 — 2002 for 138 papers to find out the characteristics

of an inquiry-based instruction. In Table 2 is the inquiry science instruction conceptual

framework of an inquiry-based instruction.

TABLE 2 INAUIRY SCIENCE INSTRUCTION CONCEPTUAL FRAMEWORK

Presence of

- Science as inquiry

. - Life Science
Science ) )
- Physical Science
Content - Earth and Space Science
- Students manipulate materials
Type of - Students watch scientific phenomena
- Students watch a demonstration of scientific phenomena
Student
- Students watch a demonstration that is NOT of scientific phenomena
Engagement - Students watch a demonstration that is NOT of scientific phenomena
- Students use secondary sources ( e.g., reading material, the Internet, discussion, Lecture, others. Data )
Elements of the Inquiry Domain
Instruction
Instruction emphasizes Student
emphasizes
Responsibility for Learning when it Instruction emphasizes Student Active Thinking when it stud
tudent
demonstrates the expectation that demonstrates the expectation that students will:
Motivation
students will:
when:
Generate investigation question(s); using prior knowledge to inform
c the question(s); consider or predict possible outcomes of the
o Decide which questions to investigate;
= question; explore the reasons question(s) are being asked to It demonstrates
8 seek clarification of the investigation
3 . determine if they are appropriate for scientific investigation; refine the expectation
e] question (s). . . ) . .
questions so that they can be investigated; discuss questions based that students
g on previous study or data collected will:
:'8 Identify when and where they need display/express
2 Use prior knowledge to inform the design; determine if the design is
0 help understanding the design; ensure interest,
c an appropriate match for the question including variables and
- c that they ( or the class/group/partner) involvement,
“5 K= procedures; debate the merits of different investigation designs and
7} grasps the design and how to curiosity,
§2] 03 whether it is ‘doable” and will result in needed data; consider where
c (@] implement it; decide what investigation enthusiasm,
8 and how issues of bias may need to be addressed; generate
o design to use; ensure that the design perseverance,
o investigation designs.
e address the research question. eagerness,
o
O Decide the data organization strategy; focus,
decide what data collection strategy to concentration,
% use and/or how to adapt it; identify if Alter and refine their approach to gathering recording, or structuring pride ( all
[a] they or others need help collecting or the data based on information they acquire as they proceed. affective )

organizing data; seek out clarification

and advice when it is needed.
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Decide what strategies to use to Ensure that their conclusions are supported by their data; apply
c summarize interpret or explain the prior knowledge to summarize, interpret, or explain the data;
% data; identify when they or others need construct conclusions; consider conclusions’ reasonableness and
% help in summarizing interpreting or credibility; identify applications of their findings to other situations
8 explaining; and seek out other relevant and/or contexts; offer explanations for variations in the findings
© information to assist in drawing among the class and/or within their working groups; generate new

conclusions. questions that arise out of their explanations.

o Decide how to structure their Engage in sound discussion and debate; demonstrate the logic they
g communication: seek advice and used to draw conclusions and interpretations; articulate the
e suggestions from others about how- reasonableness and credibility of others’ work; discuss appropriate
CE) what to communicate; provide feedback communication mechanisms including language, visual aids,
o to others about their communication. technology, etc.; articulated the merits and limitations of their work.

Source : D. D. Minner, A.J. Levy, & J. Cjentury. 2010. Inquiry-Based Science
Instruction-What Is It and Does It Matter? Results from a Research Synthesis Years 1984 to

200. Journal of Research in Science Teaching, 47, 474-496.

What have been studied about inquiry?

Minner (2010) had reviewed research studies from 1984 — 2002 about the impact of
inquiry science instruction on K-12 student outcomes. Research studies were selected
during the period of study to see timeline of inquiry research. The research question of the
project was addressed by developing a conceptual framework that clarifies and specifies
what is meant by “inquiry-based science instruction” and by using a mixed methodology
approach to analyze both numerical and text data describing the impact of instruction on K-
12 students science conceptual learning. Findings across 138 analyzed studies indicated a
clear positive trend favoring inquiry-based instructional practices, particularly instruction
that emphasizes student active thinking and drawing conclusions from data. Teaching
strategies that actively engage students in the learning process through scientific
investigations are more likely to increase conceptual understanding than are strategies that
rely on more passive techniques (Apedoe. 2008; Ben-Zvi-Asaraf. 2010; Geier; et al. 2008;
Lee. 2010; Lee. 2006; Kanter. 2010). Therefore, inquiry-based learning is necessary in the
current standardized assessment laden educational environment.

Prior knowledge influence inquiry approach

According to ESRU cycle that was mentioned earlier, many research studies

emphasized the prior knowledge and the development of mental model by using inquiry-
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based instruction. Taber (2003) studied the conceptualizations of mental model in college
students about the bonding and structure of metals. Findings indicated that these mental
models may be understood in terms of student’s prior learning, consequently to illustrate the
prominence of prior learning in channeling the interpretation of subsequent teaching,
textbook authors, and teachers on the order of presenting subject content, the degree of
simplification of scientific models, and the selection and presentation of metaphors. The
constructivist perspective on teaching science is based upon the assumptions that (i)
information is the interpreted through, and (ii) new learning highly dependent upon existing
conceptual frameworks. This study exemplifies these principles. Student learning about
metallic bonding was found to be strongly channeled by prior learning. As the same result
reported in Blanchard (2009) who conducted the research with secondary science teachers
using an inquiry professional development and followed participants to their classroom, to
observe their practicing inquiry, the teachers who entered the course with more
sophisticated, theory-based understanding of teaching and learning were more likely to
understand inquiry as a model and to use classroom-based inquiry throughout their
teaching following the program. Also using inquiry approach can develop students mental
model (Kanter. 2010; Taber. 2003) as it consists of prior knowledge. However, Sandoval
(2003) found out that many teachers realize how important prior knowledge is but do not
actually practice assessing the prior knowledge in their classes, because of the lack of
repertoire, as none of the teachers ever mention the formal way of assessing the prior
knowledge of students. The researcher suggested that teacher need to be taught how to
use strategies effectively. Experience with the strategies and experience with the use of the
information gathered to adjust their teaching should be a part of all teacher education
programs.

Enhancing students’ performance with inquiry approaches

Students’ outcome is the most important goal of learning activities. Implementing
inquiry approach has been indicating outstanding results in many research studies. The
work of Lee (2010) about how technology-enhanced inquiry science unit impacts classroom
learning focused on the impact of 27 teachers who switched from typical to inquiry

instruction in a delayed cohort comparison design, using mixed effects analysis of variance
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to investigate effects related to inquiry instruction, teaching context, and science course.
The finding showed the significant main effects of inquiry instruction and teaching context,
and the significant interaction effects between inquiry instruction and science course and
between inquiry instruction and teaching context on students’ knowledge integration. The
study confirmed to earlier research studies that the well-designed inquiry science units can
improve student understanding of complex topics across science course and teaching
contexts. Further analysis revealed that there is a significant interaction related to the index
of teacher experience (Fogleman. 2011), but not related to the index of student experience.
Researchers stated that they need additional studies of the many experience factors as well
as investigations of the potentially beneficial effects of specific professional development
practices to fully understand the role of teacher experience.

Supporting the impressive result of practicing inquiry is the work of Fogleman (2001)
who conducted his research on the effect of teachers’ adaptations of a middle school
science inquiry-oriented curriculum unit on student learning. Participants were 19 teachers
and 1,234 students. The findings revealed that 38% of the variance in student gain scores
occurred between teachers. Two variables significantly predicted student learning, teacher
experience and activity’s structure. Firstly, teachers who had previously taught the inquiry-
oriented curriculum had greater student gains (Blanchard. 2009). Secondly, activity’s
structure, students who completed investigations themselves had greater learning gains
(Apedoe. 2008; Ben-Zvi-Asaraf. 2010; Geier; et al. 2008; Lee. 2006; Kanter. 2010)
compared to students in classrooms who observed their teacher completing the
investigations as demonstrations. This study provides evidence for the importance of having
students actively engage in inquiry investigations to develop an understanding of key
science concepts.

However, there are some findings showing the limitations of practicing inquiry,
including the work of Crawford (2005) who studied the teachers’ understanding of scientific
inquiry. Participants were 21 teachers using inquiry-based task. Findings indicated that
participants held an uninformed understanding of the nature of scientific inquiry; even the
teachers with research experience failed to understand the diverse methods used by

scientists. As the same result of the schools that used inquiry-based curriculum, from the
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study of Ruiz-Primo (2010) about analyzing the quality of students’ written scientific
explanations in their note books from eight schools of five states. Results indicated that:

(a) Students’ written explanations can be reliably scored with the proposed
approach.

(b) Constructing explanations were not widely implemented in the classrooms
studied despite its’ significance in the context of inquiry-based science instruction.

(c) Overall, a low percentage of students (18%) provided explanations with the three
expected components. The major of the participants (40%) provided only claims without any
supporting data or reasoning.

(d) The magnitude of the correlations between students’ quality of explanations and
their performance, were all positive but varied in magnitude according to the type of
assessment. The opportunities to construct explanations in science-inquiry based
classrooms seem to be limited.

One of the research studies that reported the useful finding is the work of Lotter
(2007) about the influence of core teaching conceptions on teachers’ use of inquiry teaching
practices. Science teachers did realize how useful inquiry approach is; many teachers
understand inquiry very well, but some of these teachers do not practice inquiry in their
class (Brown. 2006; Tang. 2010). Lotter founded the gap between understandings and
practicing inquiry in his/her inquiry-based professional development program. The
researcher investigated sets of teachers’ conceptions during the program. Teachers’
conceptions of inquiry teaching were established through intensive case-study research that
incorporated extensive classroom observations and interviews. Data analysis revealed that
a set of four core conceptions guided the teachers’ use of inquiry-based practices in their
classrooms. The teachers’ conceptions of science, the students learning ability, the idea of
effective teaching practices, and the purpose of education all influenced the type and
amount of inquiry instruction performed in the high school classrooms. The research
findings suggested that to be successful inquiry professional development must not only
teach inquiry knowledge, but it must also assess and address teachers’ core teaching
conceptions. Take a closer look at four core teaching conceptions from Lotters’ research as

follow:
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1. Teachers’ views of science
Lotter divided teachers into two groups: the group of teachers who are into
learning and knowledge constructivists and the group of teachers who are learning and
knowledge empiricists. Constructivist teachers held views of learning and science that
support reformed teaching processes, while the empiricist teachers believed in the use of
one scientific method to gather facts and teacher transmission of knowledge that ignored
student preconceptions.
2. Teachers’ views of students’ abilities
Teachers’ belief about their students’ abilities to learn could be a constraints to
reform-based instruction.
3. Teachers’ views of effective teaching
Teachers’ views of what constitutes effective teaching and learning influence
their choice of instructional strategies. Teachers’ beliefs of effective instruction can support
inquiry-based teaching strategies.
4. Teachers’ orientation toward teaching science
The teachers, who viewed science process skills as a pathway to improve
students’ life skills, will include observing, data analysis, and other “inquiry” research skills
in their science instruction. Teacher beliefs can act as considerable constraints or supports
to implementing reform-based teaching methodologies.
Discussion after inquiry-based curriculum
Yacoubian (2010) studied the effect of reflective discussions following inquiry-based
laboratory activities on students’ view of nature of science. Thirty-eight grade sixth students
participated in this research using pretest-posttest control-group design and focused on
collecting mainly qualitative data. Results indicated that explicit and reflective discussions
following inquiry-based laboratory activities enhanced students’ views of the target nature of
science aspects more than implicit inquiry-based instruction.
Summary
According to the science educational standard, scientific inquiry teaching is a must
strategy for teaching science considering the emphasis in all eight standards. Research

studies showed that prior knowledge of teachers and students both influence the outcome
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of anticipating in inquiry curriculum (Taber. 2003; Sandoval. 2003; Blanchard. 2009), which
supports the result of Ruiz-rimo (2007) that teachers who more frequently used complete
ESRU cycles had students with higher performance than the teachers who did not.

Scientific inquiry can enhance students understanding of nature of science
(Schwartz. 2004; Akerson. 2007), students’ ability (Apedoe. 2008; Blanchard. 2010; Geier;
et al.2008; Khan. 2007; Lee. 2006) and meaningful understanding in science (Lee. 2010).
Moreover, inquiry teaching can help students develop their mental models that can sustain
longer than traditional method (Ben-Zvi-Assaraf. 2010; Kanter. 2010; Taber. 2003). However,
even though there are so much effort in the implementation of scientific inquiry in the
classroom, there are still some misunderstandings by teachers, even with the teachers who
had experience with real scientific research previously (Crawford. 2005). Not only teachers,
but also the students, in the inquiry based schools themselves, still lack the adequate
evidence-based explanation (Ruiz-Primo. 2010). Even in the university level, some faculty
members still think that inquiry-based teaching is not appropriate for undergraduate
students.

However, considering the strength of scientific inquiry teaching and the need of
science educational standard, the effort of giving information about inquiry teachings has
begun right after educational reform. More understanding can be accomplished.
Consequently, preservice science teachers and in-service science teachers gain more
understanding. Somehow, even teachers who understand scientific inquiry do not bring
scientific inquiry into classroom practice (Brown. 2006; Sandoval. 2003). Lotter (2007)
suggested that core teaching conceptions is the key to hold teachers’ understanding of
inquiry to classroom practicing inquiry, and suggested that to be successful, inquiry
professional development must not only teach inquiry knowledge, but it must also assess

and address teachers’ core teaching conceptions.

2.3 Professional Development
There are many definitions of professional development based on the goals and
different contexts. For example the definition of professional development by Billing (1977,

p. 22 cited in Bell; & Day. 1991) as follows:
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A deliberate and continuous process involving the identification and discussion of
present and anticipated needs of individual staff for furthering their job satisfaction
and career prospects and of the institution for supporting its academic work and
plans, and the implementation of programs of staff activities designed for the
harmonious satisfaction of needs.

Another interesting definition of professional development is in Craft (1996) which
stated that professional development is used interchangeably, to mean all types of
professional learning undertaken by teachers beyond the point If initial training. So, the
professional development could be a short course, seminar or sets of activities which intend
to enhance skills needed in the specific careers and solving one significance issue in a set
of participants of that professional development (McGill; & Brockbank. 2004).

However, Loucks-Horsley.; et al. (2003) presented the strategies for professional

learning to be a useful guideline to design professional development as shown in Table 3

TABLE 3 EIGHTEEN STRATEGIES FOR PROFESSIONAL LEARNING

Aligning and implementing curriculum
® Curriculum alignment and instructional materials selection
® (Curriculum implementation

® Curriculum replacement units

Collaborative structure

® Partnerships with scientists and mathematicians in business, industry and

universities
® Professional networks

® Study groups
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TABLE 3 (Continued)

Examining teaching and learning

Action research
Case discussions
Examining student work and thinking, and scoring assessment

Lesson study

Immersion experiences

Immersion in inquiry in science and problem solving in mathematics

Immersion into world of scientists and mathematics

Practicing teaching

Coaching
Demonstration lessons

Mentoring

Vehicles and mechanisms

Developing professional developers
Technology for professional development

Workshops, institutes, courses, and seminars

Source: Loucks-Horsley, Susan.; et al. (2003). Designing Professional Development

for Teachers of Science and Mathematics. P.113.

Figure 2 shows the design framework for professional development in science and

mathematics (Loucks-Horsley, Susan; et al.2003:4.) which will model to construct the ESRU-

guided inquiry-based curriculum in this research which will be explained in more details.
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Figure 2 Design Frameworks for Professional Development in Science and Mathematics.

Knowledge and Beliefs

Much is known about effective professional development for science education, and

more is being learned every day. Five distinct, but related knowledge bases inform the work

of professional developers. First is what we know about learners and learning. An explosion

of cognitive research in the past 20 years has resulted in a rich body of knowledge about

learners and learning in general and science in particular. A second knowledge base is

what is known about teachers and teaching. Third is the nature of the disciplines of science.

Fourth are the principles of effective professional development. Last is the knowledge base

about change and the change process. From the body of knowledge in science education,

the features of effective professional development are presented (Loucks; Horsley; et al.

2003: 46 - 47):
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- Effective professional development experiences are driven by a well-defined
image of effective classroom learning and teaching, for example, commitment to all children
learning science, and emphasis on inquiry-based learning, investigations, problem solving
and applications of knowledge, and approach that emphasizes in-depth understanding of
core concepts and challenges students to construct new understandings, and clear means
to measure meaningful achievement.

-  Effective professional development experiences provide opportunities for
teachers to build their content and pedagogical content knowledge and skills and examine
practice critically. They help teachers develop in-depth knowledge of their science as well
as pedagogical content knowledge (understanding how children learn the content, listening
to students’ ideas, posing question, and recognizing misconceptions), and help in choosing
and integrating curriculum and learning experiences.

-  Effective professional development and learning experiences are research
based and engage teachers as adult learners in the learning approaches they will use with
their student, for example, start where teachers are and build from there; provide ample time
for in-depth investigations, collaborative work, and reflection; and connect explicitly with
teachers’ other professional development experiences and activities.

- Effective professional development provides opportunities for teachers to work
with colleagues and other experts in learning communities to improve their practice, for
example, continuous learning is a part of the school norms and culture, teachers are
rewarded and encouraged to take risks and learn, teachers learn and share together.

- Effective professional development experiences support teachers to serve in
leadership roles, for example, as supporters of other teachers, as agents of change, as
promoters of reform.

- Effective professional development experiences are designed based on data
that determine their focus and priority as they relate to student learning, and they are
continuously evaluated to ensure a positive impact on teacher effectiveness, student

learning, leadership, and the school community.
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Furthermore, considering about the experience teachers learn from the professional
development, there are requirements for transformative learning experiences (Thompson &
Aeuli. 1999: 355.):

- Create a high level of cognitive dissonance.

- Provide sufficient time. Structure and support for teachers to think through the
dissonance experienced.

- Embed the dissonance creating and resolving activities in teachers’ situations
and practices.

- Enable teachers to develop a new repertoire of practice that fits with their new
understanding.

- Engage teachers in a continuous process of improvement.

Participating in professional development, teachers will slowly transform their
experience adapting to their prior knowledge. Professional developers should know the
characteristics of the change process that happen during the professional development
which are:

- Change is a process that takes time and persistence.

- At different stages in the change process, individuals need different kinds of
support and assistance.

- Change efforts are effective when the change to be made is clearly defined and
communicated, support and assistance are available, and leaders and policies support the
change.

- Most systems resist change.

- Organizations that are continuously improving analyze data, set goals, take
actions, assess their results, and make adjustments.

- Change requires communication about complex topics in organizations that are,
for the most part large and structured.

Context

Professional development does not match in every context, a program that is a great
success in one place may fail in another. What makes the difference is the context in which

the program operates. Professional developer will use the context as a clue to guide the
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designing of professional development. There are nine context factors that influence

professional development design:

1. Students, standards, and student learning.

2. Teachers and teacher learning needs.

3. Practices as a curriculum instruction, assessment, and the learning

environment.

4. Organizational culture.

5. Organizational structures and leadership.

6. National, state, and local policies.

7. Resources.

o o

. History of professional development.

. Parents and the community.

In this research the context that the professional development will be based on is the

context of teachers and teacher learning needs, which explains the criteria in table 4.

TABLED 4 TEACHERS AND TEACHERS’' LEARNING NEEDS

Question to Consider

Data Sources

Resources

1. Who are the teachers
(demographics, years of
experience, cultural back

ground)?

Teacher demographic

data

Report of the 2000 National
Survey of Science and
Mathematics Education by
Horizon Research by lris
Weiss et al. (Web site:
2000survey.horizon-research.

Com/reports/status.php)
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Question to Consider

Data Sources

2. How well prepared are
teachers to teach challenging
science content (course work,
credentials, professional
development experiences,
perceptions)? What percentage
are teaching subjects for which

they are not certified?

Teacher credential,
course work, and
professional
development records,
interviews, surveys,
observations, content
assessments, lesson

plans

Surveys of the Enacted
Curriculum from Council of
Chief State School Officers
(Web site: www.ccsso.org)
Local Systemic Change
Through Teacher
Enhancement:2001 Teacher
Questionnaires from Horizon
Research (Web site:

www.horizon-research.com)

3. How are new teachers

inducted and support

Teacher interviews,
surveys, focus groups,
state and local
policies, and programs

for new teacher

4 What goals do teachers have

for their leaning?

Teacher interviews,
surveys, individual
professional

development plans

Global Perspective for Local
Action: Using TIMSS to
Improve U.S. Mathematics
and Science Professional
Development Guide, National
Resources Research Council,

1993

5.What are their beliefs,
perceptions, concern related to
the professional development
program? To science
improvement based on national

standard

Teacher interviews,
surveys, classroom
observations, lesson
plans, student learning

data, student work
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TABLED 4 (Continued)

Question to Consider Data Sources

6. What are their strengths in Teacher interviews,

science content and pedagogy? | surveys, classroom

What specific content observations, lesson
knowledge and pedagogical plans, content

skills do teachers need if assessments, student
students are to achieve the learning data, student

learning goals for the program? | work

Source: Loucks-Horsley, Susan.; et al. (2003). Designing Professional Development

for Teachers of Science and Mathematics.

Critical Issues

To develop an effective professional development there are seven critical issues to
be considered during the design decision.

Strategies for Professional Learning

There are six strategies for professional learning including of aligning and
implementing curriculum, collaborative structures, examining and learning, immersion
experiences, practicing teaching, and vehicles and mechanism. Considering the goal of this
research the detail which will be deeply studied is the strategy of examining teaching and
learning. There are four sub-strategies in examining teaching and learning which are: action
research, case discussion, examining student work and thinking and scoring assessments,
and lesson study. As the goal of this research is to construct an ESRU-guided inquiry-based
curriculum for preservice science teachers to make them better in both understanding and
practicing inquiry, then the sub category of the strategy that matches the required
curriculum would be lesson study. It was supported by the increase of educators in the
United States that explores ways to transfer lesson study as a strategy for professional
development especially in science into school in the United States and presents the more

attention of the lessons strategy that influence students achievement.
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Key elements for lesson study

- Teachers collaborate on the development and refinement of lessons.

- The results of lesson study and research are directly related to standards and
school goals.

- Critical feedback is on the effectiveness of the lesson and not the teachers’
performance while teaching. Enhancing teacher and student learning is grounded in
practice.

- There is a structured process for guiding the lesson study. Most researchers and
educators outline a similar process which includes the following:

- Defining the theme or concept to guide the lesson study: The theme, topic, or
concept to be studied should be based on data indicating a need to improve student
learning as determined by local, state, or national standards and goals.

- Designing the lesson: Teachers research the topic or concept of the study,
including examining what the research says about how students learn the concept and what
common misconceptions students hold, and then collaborate to develop a lesson plan,
which is then shared with a larger group of teachers for additional feedback and revision.
Although individual lessons are developed and studied several lessons relating to the
defined concept or goal are designed and studied over time.

- Teaching the lesson: One teacher teaches the lesson, although all teachers
participate in the preparation of the lesson and, sometimes teachers role-play the classroom
prior to teaching it in the classroom with students.

- Observing the lesson: While the lesson is being taught, the other teachers
observe and take notes on what the students and presenting teacher do and say, following
the “storyline” of the lesson, and document the questions the presenting teacher asks and
the student responses.

- Reflecting and evaluating: Critical, in-depth discussions focus on what was
observed during the teaching of the lesson.

- Reuvising the lesson: Based on their reflections and evaluation the lesson is
collaboratively revised and, frequently, examining student work is used to guide decisions

regarding how to enhance the lesson to increase student understanding and learning.
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- Teaching the revised lesson: The revised lesson is taught and observed; the
same teacher may teach the lesson again, to either the same or a different group of
students, or another teacher may conduct the lesson and often additional faculty members
and invited to observe when the revised lesson is taught.

- Reflecting and evaluating: This second debriefing is attended not only by the
lesson study teachers but also by a larger group of the faculty, the principal, and a
“knowledgeable other” — a content expert university faculty, or other outside professional.
Normally, in this second reflecting the more general issues rose. What about teaching and
learning more generally, was learned from the lesson and its implementation?

- Sharing the results: The lesson that has been researched and developed is
shared with a broader audience of teachers and other educators. Articles might be
published, and many school and districts have established websites to share lessons that

result from the process.

Implementation requirements

Lesson study teachers need readily available access to the resources required to
study and research the theme or concept that they are exploring through the research
lesson and have appropriate resource people who can serve in the “knowledgeable other”
role.

The Implementation Process

Commit to Vision and Standard

What actually happens in the phase “commit to vision and standards” of the design
process? The vision of teaching and learning in science must be a guide line for the
professional developer to build up the curriculum that support teachers to reach the
qualities required in school science standards and vision of science.

Analyze Student Learning and Other Data

The purpose of analyzing student learning and other data is to identify specific
targets for improving student learning that will determine the goals for teacher learning and
form the basis for a professional development program clearly focused on results for

students. Most important in this phrase, professional developers examine multiply sources
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of student learning data to determine what essential knowledge and skills students are and
are not learning and what performance gaps exist between varieties of students.
Relevant data

- Demographic data about students and teachers

- Multiple measure of students’ achievement of standards

- Student learning data disaggregated by racial, economic, language, and gender
groups

- Data about classroom practice and students’ opportunity to learn

- Data about professional development, the school culture, and leadership

Set Goals

Learning goals for teachers are informed by referring to the standards, as well as
data about teacher performance, knowledge and skills, needs, and supports available.
Planners must consider what knowledge and skills, professional development, and
structural support teachers needed to successfully implement the new science curriculum.

Plan

When the goals are set, it is the time to revisit and clarify the beliefs under the
program. Input the critical issues, also considering how to confront challenges like helping
preservice science teachers to have a better understanding and also the improvement of
practicing inquiry. And, finally, during planning, professional developers think strategically
about which strategy combination of strategies to employ and start with the design
framework to be more thoughtful guideline to plan the professional development curriculum.

Do

Starting to implement what have been planned, professional developers try the
designed curriculum and gain new understanding from the experiment of new behavior,
which usually takes time and unpredictable steps. After getting the feedback, professional
developers utilized the feedback to improvise the designed curriculum. Implementing
professional development is recursive and usually messy, demanding flexibility and

continuous learning throughout the process.
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Evaluate

An essential part of the professional development design process is evaluation,
which will determine whether and in what ways the designed curriculum are successful.
There are several questions that professional developers can ask themselves that may help
them address the challenges of evaluation of their programs and initiatives.

- What are the goals or desired outcomes?

- How do you assess the accomplishment of the outcomes?

- How do you acknowledge and evaluate how a professional development
initiative and its participants change over time?

- How do you take advantage of evaluation as a learning experience in itself?

Another resource of evaluation professional development comes from Thomas
Gusky’s (2000) book “Evaluating Professional Development”. Guskey indentifies five critical
levels of professional development evaluation ranging from simple to more complex. Each
level builds on the one before it.

Level 1: Participants’ reaction

Level 2: Participants’ learning

Level 3: Organizational support and change

Level 4: Participants’ use of new knowledge and skills

Level 5: Student learning outcomes

TABLE 5 CRITICAL LEVELS OF PROFESSIONAL DEVELOPMENT EVALUATION

Evaluation What Questions are Addressed? | How will Information How will Information
Level Be Gathered? be Used?
1.Participants’ | -Did they like it? -Questionnaires -To improve program
reactions -Was their time well spent? administered at the design and delivery

-Did the material make sense? end of the session

-Will it be useful? - Focus group
Was the leader knowledgeable | -Interview
and helpful? -Personal learning

logs
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Evaluation

Level

What Questions are Addressed?

How will Information

Be Gathered?

How will Information

be Used?

2.Participants’

learning

-Did the participants acquire the

intended knowledge and skills?

-Paper-and pencil test
-Simulations and
demonstrations
Participant reflections
(oral and/or written)

Participant portfolios

To improve program
content, format, and

organization

3.0rganizatio
n support and

change

-What was the impact on the
organization?

-Did it affect organizational
climate and procedures?
-Was implementation
advocated, facilitated, and
supported?

-Was the support public and
overt?

-Were problems addressed
quickly and efficiently?
-Were sufficient resources made
available?

-Were successes recognized

and shared?

-District and school
records

-Minutes from follow-
up meetings
-Questionnaires
-Focus groups
-Structured interviews
with participants and
school or district
administrations

-Participant portfolios

- To document and
improve
organizational
support

- To inform future

change efforts
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Evaluation

Level

What Questions are Addressed?

How will Information

Be Gathered?

How will Information

be Used?

4.Participants’

-Did participants effectively

-Questionnaires

- To focus and

use of new apply the new knowledge and -Structured interviews | improve all aspects
knowledge skills? with participants and | of program design,
and skills their supervisors implementation and

-Participant portfolios | follow-up

-Direct observations

-Video or audiotapes
5.Students’ -What was the impact on -Students’ records -To demonstrate the
learning student? -School records overall impact of
outcomes -Did it affect student -Questionnaires professional

performance or achievement?
-Did it influence students’
physical or emotional well
being?

-Are students more confident as
learner?

-Is student attendance
improving?

-Are dropouts decreasing?

-Structured interviews
with students,
parents, teachers,
and/or administrator
-Participants’

portfolios

development

Source: Guskey, Thomas R. (2000). Evaluating Professional Development. Pp.79-81
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Professional development in inquiry

Many research studies have been conduct in order to see how professional
development can help teachers to improve their professional teaching. The work of Harlow
(2010) showed that teachers can transform inquiry experience in the professional
development into their classroom practice and even improve their skill of using inquiry more
than they had in the course, which was in line with Barab (2006) that reported the abilities of
carrying inquiry experience to classroom practice of teacher after professional
development. This confirms the earlier reports that previous experiences of inquiry influence
the teacher’s classroom practice.

A research study that supports the useful outcome of professional development is
the work of Oliveira (2010) who found out that inquiry-based professional development can
enhance teachers’ questioning skill. Also, another work of Geier (2008) reported the result of
inquiry-based professional development where the teachers can enhance the student gains
in national test higher than students who studied with the teachers who did not experienced
the inquiry-based professional development. Moreover, Trundle (2007) reported the result of
the retention time that teachers hold the inquiry-based explanation after inquiry-based
professional development in the major group of participants which lasted longer than six
months.

The outstanding research in professional development was done by Crawford
(2007) who studied the result after five teachers participated in the professional
development about teaching science as inquiry. These teachers spent over one year
experiencing high school fieldwork. Barbara collected data from interviewing, field notes
and artifacts to see if these prospective teachers engaged in learning how to teach science.
Four research questions from this research were as follows:

1) What were these prospective teachers’ beliefs of teaching science?

2) To what extent did these prospective teachers articulate understanding of
teaching science as inquiry?

3) Inwhat ways, if any, did these prospective teachers endeavor to teach science

as inquiry in their classrooms?
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4) In what ways did the mentor teachers’ views of teaching science appear to
support or constrain these prospective teachers’ intentions and abilities to teach science as
inquiry?

The course showed the spectrum of development of prospective teachers from
lecture-driven lessons, to innovative, open, full-inquiry projects. Despite being immersed in
a cohort experience in learning about and working with aspects of how to teach science as
inquiry, and despite having mentors well acquainted with the goals of the preservice
program, these prospective teachers demonstrated widely varying practice. The mentor’s
openness or reluctance to allow a prospective teacher to try out new approaches did not
fully explain the differentially enacted levels of inquiry. Related to the question, “to what
extent did these prospective teachers articulate understanding of teaching science as
inquiry?” there was evidence that some simply could not articulate what it means to teach
science as inquiry. Several prospective teachers seemed to lack a clear idea of how to
enact teaching science as inquiry in their classroom. Not knowing how to use inquiry-based
strategies was a fact of some of the interns, despite the university’s emphasis on inquiry
throughout the year. Another research question is “what these prospective teachers’ beliefs
of teaching science?” It stood out that the beliefs about teaching science as inquiry played
a critical part in decisions about planning instruction. There was evidence that a prospective
teacher’'s set of beliefs about pedagogy, schools, student learning, and the nature of
scientific inquiry may have been the overriding factor influencing choice and eventual
success in teaching science as inquiry (Lotter. 2007). One constraining set of beliefs arose
from the school culture; there was clear evidence that at least some of the prospective
teachers developed beliefs that inquiry-based approaches were generally inappropriate for
their high school students.

Most critical factor influencing a prospective teacher’s intentions and abilities to
teach science as inquiry is the prospective teachers’ complex set of personal beliefs about
teaching and views of science. A prospective teacher’'s personal view of teaching science
as inquiry, comprised of his or her knowledge of scientific inquiry and of inquiry-based
pedagogy and his or her beliefs of teaching and learning, is a strong predictor of a

prospective teacher’'s actual practice of teaching science. These findings suggest that
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modeling the design of inquiry-based lessons in theoretically stopped methods courses is
clearly not enough. The study of teachers’ beliefs of teaching and learning cannot be
isolated from the real world of classroom practice. The role of facilitator is helping
prospective teachers to change their beliefs that teaching science as inquiry must be
possible for them. Facilitators need to show them that things can work, that it is possible to
carry out inquiry-based instruction in actual classrooms, and be able to evaluate their
current beliefs for effectiveness.

Summary

Using professional development as a tool to solve teachers’ problems could be a
possible way, as a tool for the professional teaching. Research studies support the
professional development can enhance the teaching skill (Oliveira. 2010), students’ gain in
the nation test (Geier. 2008), and the retention time of professional development that can
last longer than 6 months. Reports that support the importance of professional development
were studied (Barab. 2003; Harlow. 2010). However, the professional development that only
teaches theory, especially in scientific inquiry, is not enough to help teachers, the need of
more practicing inquiry professional development were articulated in many research studies

(Barab. 2003; Brown. 2006; Crawford. 2007; Harlow. 2010; Lotter. 2007)

2.4 Preservice teacher, inquiry-based approach and professional development
interrelated to the idea of this research

According to the literature review above, the situation of preservice teachers
struggling with using inquiry teaching in classroom practice and the need for inquiry
teaching strategy. Also the need of science educational stands that emphasized teaching
science as inquiry, and the research studies that showed essential benefits of practicing in
the classroom (Apedoe. 2008; Geier; et al. 2008; Lee. 2010; Liu. 2010). Reasonably
assuming that finding the way to improve preservice teachers’ experience in inquiry is
necessary; however, one of the tools that effectively help teachers to enhance their teaching
profession is the professional development (Barab. 2003; Harlow. 2010), but the

theoretically based professional development is not enough to improve teaching profession
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in practicing inquiry, so the ESRU-guided inquiry based curriculum might rise the proper

answer as a key tool to develop preservice teachers’ understanding and practicing inquiry.

Courses Syllabus of the Professional Development Program
Phase 1: Developing Teachers’ experience in inquiry

Day 1: experience inquiry

Workshop 1: Water crisis

Introduce the participants to the curriculum and explain the whole picture of the
professional development. The participants were grouped into four groups and each group
was assigned to solve the water crisis situation in rice farming using the information
provided from the instructor. Each group created the project to solve the crisis and
presented their projects.

The participants were told the conflict story of the goal of education and asked to
reflect the idea to the article received in order to understand the core teaching conception
of the participants. Each participant wrote down the reflective idea to the story.

Workshop 2: Soil crisis

The participants were provided the information about the rice farming crisis from
soil. They had to gather the data received from the instructor in order to create the project to
solve the crises and reported to the class, explained the reason and the evidence for
making conclusion.

During the last 30 minutes, participants were given the conflict article about
student’s learning ability, and reflected their opinion toward the article.

Day 2: experience inquiry
Workshop 3: Fertilizer crisis

The participants were provided the information about the rice farming crisis from
fertilizer. They had to analyze the data received from the instructor in order to create the
project to solve the crises and reported to the class, explained the reason and the evidence
for making conclusion.

During the last 30 minutes, participants were given the conflict article about effective

teaching method, and reflected their opinion toward the article.
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Workshop 4: Pesticide crisis

The data about pesticide problems were given to the participants who designed the
project of solving pesticide problems in rice farming. Participants had to analyze the data
received from the instructor in order to create the project to solve the crises and reported to
the class, explained the reason and the evidence for making conclusion.

During the last 30 minutes, participants were given the conflict article about the goal
of teaching science, and reflected their thought to the article.
Phase 2: Concluding teachers’ understanding and practicing inquiry
Day 3: wrap-up inquiry
Workshop 5: Organization crisis

The five features of inquiry were introduced to the participants. The instructor
reviewed the activities that the participants have tried and engaged the activities to five
features of inquiry. All data from every previous activity were given to the participants. Each
participant was asked to write the inquiry-based lesson plan according to five features of
inquiry.
Workshop 6: classroom inquiry practice

Four participants from each group were randomly selected to demonstrate their
lesson plan. The chosen participants role played as the science teacher while the rest of the

participants were evaluating the demonstration.



CHAPTER 3
METHODOLOGY

Introduction

This study investigated whether preservice science teachers have Dbetter
understanding and practicing inquiry after experiencing in the ESRU-guided inquiry-based
curriculum. This research answered the following questions:

1. Do preservice science teachers’ understanding and practicing inquiry increase
significantly after participating in the ESRU-guided inquiry-based curriculum?

2. What are teachers’ core teaching conceptions that preservice science teachers
hold and change after participating in the ESRU-guided inquiry-based curriculum?

3. What are the interrelationships of the core teaching conceptions with
understanding inquiry of the preservice science teachers?

This chapter presents the methodology of this research, including the instruments
and procedures which were employed in this research under the following headings:

1. Phase one: Curriculum Creation
1.1 Identifying science educational standard needs
1.2 Goals setting
1.3 Planning instruction
1.4 Consulting experts
1.5 First draft modify
1.6 Pilot study
1.7 Second modify
2. Phase two: Curriculum implementation
2.1 Research design
2.2 The participants
2.3 Settings

2.4 Instruments for data collection



3. Phase three: Curriculum evaluation

3.1 Quantitative data analysis

3.2 Qualitative data analysis

The details of each phase are presented respectively by the heading.

1. Phrase one: Curriculum Creation

49

Phase one will be the designing of the ESRU-guided inquiry based curriculum.

Shown in Figure 3 is the overview of the curriculum designing process.

Identifying science

Planning instruction

. > Goal setting
educational standard
needs
Pilot study 2 First modify

A

Second modify

ESRU-guided inquiry
based curriculum

Consulting expert

FIGURE 3 OVERVIEW OF THE CURRICULUM DESIGNING PROCESS

The details in each step of curriculum designing are described as follows:

1.1 Identifying science educational standard needs

Commit to vision and standard: based on the goals of eighth science standard of

National science education to teach science as the way scientist do science, including the

knowledge and believe of research studies that confirm the effects of inquiry approach.

The eighth standard in science educational standard is the focus of this research because it
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is the only implicit one that has no content area to fit in, so the science teacher must try to

figure out how to implement inquiry skill in eighth standard into other science standards.

1.2 Goal setting

Form critical issue of beginning science teachers that have a hard time dealing with
the complex context, also have to integrated inquiry approach into classroom practice. The
aims of this curriculum is enhancing understanding and practicing inquiry in preservice
science teachers in order to support the eighth standard of science educational standard,

and aim to improve core teaching conceptions of preservice science teachers as well.
1.3 Planning instruction

1.3.1 content
The content of this curriculum are five crises of rice farming considering
inquiry as a tool to investigate the way to solve problems, using crisis of rice farming to start
the problems and the preservice science teacher were investigated with all data provided in
order to solve problems. Five topics of rice farming crisis are:
- Water crisis
- Soil crisis
- Pesticide crisis
- Fertilizer crisis
- Organization crisis
- Conclusion of inquiry
The last unit of the curriculum is the conclusion of inquiry which was the
discussion about the whole picture of inquiry that all participants experienced during the
intervention.
1.3.2 Activity’s structure
1.3.2.1 ESRU cycle initiation
E = Instructor elicits questions for all students.
S = Students respond to the question.
R = Instructor uses the information to support students.
U = Instructor uses the information to support students.
In first step, after bringing up the crisis of rice farming for an issue

and asking students for the response, use the response to group students (participants) into
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five groups with the same level of understanding from the answer that students’ response to
the question.
1.3.2.2 Second step, guided inquiry implementation
Implement guided inquiry-based curriculum using the crisis of rice

farming issues for participants to solve the crisis as the scientists. Four groups of
participants set up the project to solve the crisis of rice farming, starting from posing
scientific questions, identifying the data, finding the pattern of the data, making decisions
from evidence, presenting the result from evidence, and justifiying their presentation.

Five topics of crisis in rice farming

1. Water crisis
Soil crisis
Fertilizer crisis

Pesticide crisis

QL T w ey

Organization crisis
1.3.2.3 Reflective the core teaching conceptions
Participants were given the work sheets about the conflict
situation in science teaching. They were asked to reflect their ideas about the story. At the
end of each unit, participants were asked to explain how they plan to bring what they have
learnt to apply in the classroom as well as what they have learnt about rice farming and
inquiry.
1.3.3 Time structure
The curriculum was implemented for a total of eighteen hours, divided into
three days of six hours. Three hours for each unit, the structure of activities in three hours of
each unit is as follows:
Guided inquiry-based lesson on rice farming crisis ~ 2.30 hours
Reflective writing on core teaching conceptions 30 minutes
1.3.4 Professional development design
The professional development design model was used in order to design
this curriculum presented by Loucks-Horsley.; et al. (2003). It was merged with the goals of

this curriculum as a result of the ESRU-guided inquiry-based curriculum.
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Science as the
way scientist

Preservice
science teacher

education
standard

8" science

A

Preservice - Understaning
science |—» Setgoals P Plan [ Do [ inquiry,
teacher practicing

understan f inquiry, core

-ding and teaching

practicing ESRU —quided conceptions
inauirv inquiry based

Enhance core
Teaching

curriculum

FIGURE 4 THE PROFESSIONAL DEVELOPMENT DESIGN OF THIS CURRICULUM

1.3.5 Plan for assessment

The assessment for this curriculum is shown in table 6 .

TABLE 6 THE ASSESMENT OF THE CURRICULUM

Dependent factors

Instrument

Quantitative data

Qualitative data

1. understanding inquiry

Frayer model

Frayer model

2. practicing inquiry

Pre-post inquiry
scoring rubric for

lesson plans

- Observation of

teaching demonstration

3. core teaching conceptions

- Pre-post
questionnaires

- Reflective writing

- Reflective writing
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1.4 Consulting expert
In this step the curriculum validity and reliability were examined by three experts
in order to check the detail of created curriculum, and gave the recommendation for
improvement of the curriculum to achieve the proper quality of each instrument which was
used in the ESRU-guided inquiry based curriculum.
1.5 First modify
The information that was given from three experts was used to modify the
curriculum in order to develop the curriculum before the pilot study was processed.
1.6 First pilot study
Twenty-eight volunteer preservice science teachers in the fourth year of a five-
year teacher preparation program at Rajabhat University were asked to participate in pilot
study in order to develop instrument and check the validity of each instrument and
instruction.
1.7 Second modify
The information given from twenty eight participants in the pilot study was used

to improve the curriculum for the better validity, reliability and communication.

2. Phrase two: Curriculum implementation
2.1 Research design

The design of this study is a mixed method, one group pre-test, post-test
design, where the ESRU-guided inquiry-based curriculum is an independent variable and
the outcome of preservice science teachers on understanding inquiry, practicing inquiry
and core teaching conceptions are dependent variables. All instruments that were used in
this research are as shown in table 6.

The information which is collected from the instruments was both quantitative

and qualitative which confirm each other to answer questions:



Pre-test quantitative data

ESRU-guided inquiry based curriculum

1 Frayer model about
understanding inquiry
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2. Inquiry scoring rubric

A 4
A

Pre-test qualitative
data

1 Frayer model about
understanding inquiry

2. Observation of
teaching
demonstration

for lesson plans
3. Core teaching l Second group
conceptions First group pilot study v implementation

, _ with 28 participants with 23 participants
questionnaire

3. Reflection writing of
core teaching

conceptions

v

Post-test quantitative data

1 Frayer model about
understanding inquiry

2. Inquiry scoring rubric for

lesson plans

A\ 4
A

Phase three:

Curriculum evaluation

FIGURE 5 THE OVERVIEW OF PHASE TWO

Post-test qualitative data

1 Frayer model about
understanding inquiry

2. Observation of
teaching demonstration

3. Reflective writing

The diagram of dependent one group pretest posttest design is shown in figure 7.

The diagram shows that: (1) the subjects are measured or observed (O,) before the

intervention (pretest); (2) the intervention (X) is applied afterward; and (3) The subjects are

measured or observed (O,) after the intervention (posttest)

O,

X 0,

FIGURE 6 THE DEPENDENT ONE GROUP PRETEST-POSTTEST DESIGN DIAGRAM

The preservice science teachers participated in the intervention for 3 days (6 hours

per day)




55

The research design (FIGURE 6) was developed using t-test to answer the
following aspects:

1. Whether difference in understanding inquiry exists between pretest and
posttest.

2. Whether difference in practicing inquiry exists between pretest and
posttest.

3. Whether correlation of core teaching conceptions with understanding and
practicing exists between pretest and posttest.

2.2 The participants
Participants in this workshop were 51 preservice science teachers in two

universities. As the eighth science standard emphasizes learning science as the way
scientists do science, so that the teachers have to play the role of the supporter for students
to practice inquiry. The 28 volunteered preservice science teachers participated in the pilot
study and 23 volunteered preservice science teachers participated in the curriculum
implementation. A total of 51 preservice science teachers participated in the ESRU-guided
inquiry-based curriculum.

Participants were selected purposely from volunteered preservice science
teachers because the questionnaire and reflective writing part may not elicit the true
information from the non-volunteer participants.

2.3 Settings

The curriculum was tried out once for pilot study for three days of six hours per
day with 28 volunteer preservice science teachers using the classroom of Rajabhat. The
information and work sheets were provided to participants individually and as a group. Each
unit took 3 hours to finish.

2.4 Instruments for data collection
2.4.1 Quantitative data collection
2.4.1.1 Understanding inquiry assessment for preservice science teachers
The understanding inquiry assessment for preservice science
teachers was used to identify the preservice science teachers understanding inquiry was

measured by Frayer model.
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2.4.1.2 Praciting inquiry assessment for preservice science teachers

The practicing inquiry assessment for preservice science teacher
was evaluated by inquiry scoring rubric for lesson plans by Lotter (2007) as shown in
appendix 1. The five features of inquiry were considered in order to understand the level of
the ability to design inquiry-based lesson plan of preservice science teachers; those five
features consist of:

1. Engage students in scientifically oriented questions.

2. Engage students in gathering, organizing and analyzing data.

3. Engage students in formulating explanations from evidence to
address scientifically oriented questions.

4. Engage students in evaluating their explanations in light of
alternative explanations.

5. Engage students in communicating and justifying their
explanations.

The participants were asked to write a lesson plan before and after
the intervention and the lesson plans are the indicators of the practicing inquiry.

2.4.1.3 The reliability for instruments in Thai version

The reliability for each instrument in Thai version was qualified by
the content validity index. Each answer from the questionnaire of three level rating scales
was weighed by the three experts as follows (Reinard. 2006: 137-139.):

Consistent  is weighed as +1
Unsure is weighed as 0O

Inconsistent is weighed as -1

YR

The formula uses to calculate the CVI is CVI = 7
Where CVI means the content validity index
>R means summation of experts’ opinion marks
N means a number of experts
2.4.2 Qualitative data collection
According to the mixed method design, the qualitative data is the

important part of the work. The support data of qualitative data were used in this research in
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order to understand the quantitative data in details. These tools were used to gather
qualitative data from participants:

2.4.2.1 Frayer model for the understanding inquiry

2.4.2.2 Observation of teaching demonstration

2.4.2.3 Questionnaires (adopt from SRI interview protocol) for
exploring preservice science teachers’ core teaching conception show in appendix 2.

2.2.2.4 Reflective writing

3. Phrase three: Curriculum evaluation
3.1 Quantitative data analysis
According to all instruments which were used in order to collect data in this
research; Frayer model, inquiry scoring rubric for lesson plans, all data were collected and
analyzed using the following procedures:
1. Descriptive statistics, mean, standard deviation, and variance were
calculated for all instruments.
2. The t-test of significance was performed using the data from Frayer model,
inquiry scoring rubric for lesson plans before and after the intervention.
3.2 Qualitative data analysis
The questionnaire, observation of teaching demonstration and reflective writing
were used to explore preservice science teachers’ core teaching conceptions. The data

were used to find out the connection with quantitative data.

Data Gathering
The data were collected to answer the questions:

1. Do preservice science teachers’ understanding and practicing inquiry increase
significantly after partipating in the ESRU-guided inquiry-based curriculum?

The data were collected from

Pretest posttest Frayer model: Before the beginning of the intervention preservice
science teachers were given the pretest about understanding inquiry, and asked to write the

inquiry-based lesson plan. At the end of the curriculum participants were taken the posttest
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Frayer model about understanding inquiry and, asked to write an inquiry-based lesson plan.
The lesson plans were scored using inquiry scoring rubric for lesson plans by Forbes
(2010).

2. What are core teaching conceptions that preservice science teachers hold and
change after participating in the ESRU-guided inquiry based curriculum?

Pre-questionnaires (adopt from SRI interview protocol by Schwarz (2007)) were
applied to the participants before the implementation and at the end of each day the
reflective worksheets were given to the participants.

3. What are the interrelationships of the core teaching conceptions with
understanding inquiry of the preservice science teachers?

The data from the pretest posttest questionnaires and the about understanding
inquiry and the ability of designing inquiry-based lesson plan together with the data from the
pretest of core teaching conceptions were used to find the answer for this research

question.

Data Analysis
To answer the research questions, the data were analyzed in the following ways:

For question 1. Do preservice science teachers’ understanding and practicing
inquiry increase significantly after participating in the ESRU-guided inquiry based
curriculum?

The understanding inquiry was identified into two main categories that are “Fact or
Process”, the change of participants ideas were analyzed using t-test in order to find out
whether the change was significantly or not. For the practicing inquiry by designing inquiry-
based lesson plan, the pretest posttest mean score were compared. The changes of the
mean scores were analyzed whether there were significantly differences between before
and after implementation.

For question 2: What are core teaching conceptions that preservice science

teachers hold and change after participating in the ESRU-guided inquiry based curriculum?
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The pre-questionnaires data and reflective work sheets were analyzed to classify the
core teaching conceptions of participants.

For question 3: What are the interrelationships of the core teaching conceptions with
understanding of the preservice science teachers?

The results from all instruments were collected and analyzed to find the most
decreasing or increasing of the core teaching conceptions matched with the result of

understanding inquiry and practicing inquiry to indicate the cause-effect from both tails.



CHAPTER 4
FINDINGS

This chapter presents the findings of phrase 1: developing the ESRU-guided
inquiry-based curriculum for science preservice teachers and phrase 2: The ESRU-guided
inquiry-based curriculum implementation and evaluation. The findings were collected and
reported respectively to answer the research questions below:

1. Do preservice science teachers’ understanding and practicing inquiry
significantly increase after participating in ESRU-guided inquiry-based curriculum?

2. What are core teaching conceptions that preservice science teachers held
before and change after participating in the ESRU-guided inquiry-based curriculum?

3. What are the interrelationships of the core teaching conceptions with
understanding inquiry of preservice science teachers?

The findings are separated into two sections:

Section 1: The results of the developing the ESRU-guided inquiry-based
curriculum.Section 2: The results of the implementation and evaluation of the curriculum on
preservice science teachers’ understanding, practicing inquiry and core teaching

conceptions.

Section 1: The results of the developing the ESRU-guided inquiry-based
curriculum.
Context of the curriculum
This part explains how the ESRU-guided inquiry-based were designed and
developed before the implementation.
1.1 The design of the draft ESRU-guided inquiry-based curriculum
The content of the curriculum is divided into two parts. The main content was
about rice farming in order to integrate science with real life issue and the topic to
investigate should be something that the participants do not have much knowledge about it.
Five activities were created for the participants to investigate about crisis in rice farming.

Each crisis had four different conditions; therefore the participants in the different groups
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needed the different way to solve their own problems. Each group got the different data to
use for exploring, analyzing and making conclusions from evidence.
ESRU-quided inquiry-based curriculum design
ESRU-guided inquiry-based curriculum consists of 3 steps
First step: ESRU cycle initiation.
Instructor elicits questions for all students
Students respond to the question
Instructor recognizes the response
Instructor uses the information to support students
In first step the crisis of rice farming is brought to ask participants for the
responses. After the participants’ response to the question, teacher recognized the
response and used it to correct participants along the implementation. These are the explicit
questions in each activity which were used to start the ESRU cycle.
Question for water crisis activity: What are the characteristics of good
scientific questions?
Question for soil crisis activity: How do we collect data and analyze data
properly?
Question for fertilization crisis activity: How do we make proper explanation
from evidence?
Question for pesticide crisis activity: How do we connect what we found to
the existed knowledge?
Question for organization crisis activity: How do we communicate the
findings and justify our communication?
Question for inquiry wrap-up activity: What do five features of inquiry consist
of?
Second step: guided inquiry implementation
Implement full guided inquiry using crisis of the rice farming issues for
participants to solve the crisis as a scientist. Four groups of participants received the data to

use for creating the project to solve the crisis of rice farming, starting from posing scientific
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questions, looking for the data, finding the pattern of the data, making decisions for
evidence, presenting the result from evidence, and justifying their presentation.
Five topics of crisis in rice farming:
1. Water crisis
Soil crisis
Fertilizer crisis

Pesticide crisis

ok~ w0

Organization crisis
Third step: reflective writing the core teaching conceptions
Participants were given the work sheets about the conflict situation in
science teaching. They were asked to reflect their ideas about the story. At the end of each
unit, participants were asked to explain how they plan to bring what they have learnt to
apply in the classroom as well as what they have learnt about rice farming and inquiry.
1.2 The evaluation of draft ESRU-guided inquiry-based curriculum by
experts
Three experts examined the curriculum materials. The experts who provided
critique of these research materials have expertise in curriculum, professional development
and inquiry. The result from consistency evaluation of each component of the curriculum
was 0.8; therefore, the curriculum had consistency among its components.
From the experts’ recommendations, three main things in the curriculum had been
changed which are:
1. Decreasing the amount of the data which were given to each group.
According to the conditions of the problems and the massive amount of information the
participants were received, the process of collecting data consumed too much time, and the
whole activity was not successful under the limitation of time.
2. Adding the final wrap-up part at the end of the day in order to
remind the participants of what they have done and what they have learned. The learning
experienced that the participants gained can last longer with the whole group repeating the

concept learned with the instructor.
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3. Changing the activity from reflective discussion to reflective writing,
because of the group discussion cannot allow every participant to share their ideas, on the
other way, personal reflective writing can elicit the true feeling from participants without peer
pressure.

1.3 The pilot study

Pilot study was attended by 28 volunteer preservice science teachers.
Participants spent three days for the curriculum implementation. The results of the pilot
study showed that three main things need to be adjusted for the suitable time.

1. Time controlling was unable to do; the activity cannot follow the
schedule of the curriculum. Every activity took longer than the plan especially the inquiry
process. Therefore, the data provided to each group of participants need to be reduced,
but the activity still remains the same detail. The communication part is also longer than the
time given in the schedule, and the presentation of each group needs more time. As a
result, the instructor needed to explain the important of time limitation to participants.

2. The reflective writing process needs more time to finish in order to
elicit the true ideas from the participants; the limit of time could not accomplish the goal. The
instructor decided to give participants to take the article back home and spent private time
reflecting their ideas toward the article. The lesson plan presentations lack the evaluation
process, so the unit of the curriculum must change and add the lesson plan evaluation to
the curriculum.

3. The participants enjoyed the activity and had fun learning about rice
farming problems and the scientific knowledge about the content. Therefore most of the
participants did not notice the inquiry experience they had along the way. In the conclusion
step at the end of each day, some participants did not realize that what they have done was
inquiry process. The instructor needed to make a clear explanation about the activity and

inquiry skill that participants used to solve the problems.
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Section 2: The results of the implementation and evaluation of the curriculum
The ESRU-guided inquiry-based curriculum was evaluated based on the data

analyzed from participants’ pre-post questionnaires, the reflective writing about core
teaching conceptions and the pre-post inquiry-based lesson plans. The information
gathered from participants was analyzed in order to present below.

2.1 Evaluation of the understanding of inquiry

To evaluate the understanding of inquiry before and after the ESRU-guided
inquiry-based curriculum implementation, the pre-post Frayer model was used to collect the
answers form the participants. The answers were categorized into 2 main groups as the
content-based or process-based. Also, participants were asked to give the examples and
non examples of inquiry-based learning activities. All of the data were analyzed by content

analysis in order to categorize each meaningful statement from participant responses.

90.00% - 83.58%

80.00%
70.00%
60.00%
50.00%

H before
40.00%

M after
30.00%
20.00%

10.00%

0.00%

Fact and knowledge Processes

Figure 6 The percentage of understanding inquiry in the participants before and

after the curriculum implementation
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Before the curriculum implementation 83.58% of the participants’ responses the
questionnaires to the question of the definition of inquiry as facts and knowledge, only 16.42
% of the participants talked about process and skills.

The examples of the response are

“inquiry is letting students learning science by themselves”

“inquiry means letting students learn and searching scientific knowledge by
themselves”

The answers were mostly short and has explanation about five features of inquiry I.
The participants explained inquiry as the process of searching information, searching
knowledge, making report, and looking for existing scientific knowledge. While after the
curriculum implementation, the answer has changed differently. The responses about
inquiry as the process based rose up from 16.42 % before the implementation to be 61.10
% after the implementation. A total of 44.68% of the participants changed their ideas of
inquiry from content-based to be skill-based after the curriculum implementation.

2.2 Practicing of inquiry

The evaluation of practicing inquiry was assessed by asking participants to
write the inquiry-based lesson plans in their ideas before and after the curriculum
implementation. The topics of the lesson plans were opened freely to their interest. Four
participants were volunteered to demonstrate their lesson plans at the end of the curriculum
implementation. All the lesson plans were evaluated using the inquiry rubric score for lesson
plans. The inquiry rubric score is the tool that was based on the five features of inquiry
defined by NRC.

Five features of inquiry consist of:

1. Lesson engages students in scientifically oriented questions

2. Lesson engages students in gathering, organizing, and analyzing data

3. Lesson engages students in formulating explanations from evidence to
address scientifically oriented questions

4. Lesson engages students in evaluating their explanations in light of

alternative explanations
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5. Lesson engages students in communicating and justifying their

explanations

In each feature of the inquiry, the rubric was separated into three levels of

inquiry activities to evaluate the lesson plan. The inquiry rubric score is shown in table 7.

Table 7 The inquiry scoring rubric for lesson plan

Features of inquiry

Inquiry Variations

3

2

1

Lesson plan
engages learners in
scientifically

oriented questions

Lesson plan gives
learners chances
for students to

pose a question

Lesson plan gives
learners chances to
selects among
questions, poses new
question or learner
sharpens or clarifies
question provide by
teacher, materials, or

other source

Lesson plan
engages learners in
question provided by
teacher, materials, or

other source

Lesson plan
engages learners to
give priority to
evidence in
responding to

questions

Lesson plan
engages learners
to determines what
constitutes
evidence and

collect it

Lesson plan engages
learners to directly
collect certain data or
learner given data and

asked to analyzed

Lesson plan
engages learners to
be given data and

told how to analyze
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Features of inquiry

Inquiry Variations

3

2

Lesson plan
engage learners to
formulate

explanations from

Lesson plan
engages learners
to formulates

explanations after

Lesson plan engages
learners to be guided
in process of

formulating

Lesson plan
engages learner to
be provided with

evidence and how to

evidence summarizing explanations from use evidence to
evidence evidence or learner formulate
given possible ways to | explanation
use evidence to
formulate explanation
Lesson plan Lesson plan Lesson plan engages Lesson plan

engages learner to

engages learners

learners to be directed

engages learners to

connect to independently toward areas and the given possible
explanation to examines other sources of scientific connection
scientific resources and knowledge
knowledge forms the links to
explanations
Lesson plan Lesson plan Lesson plan engages Lesson plan

engages learners to
communicate and

justify explanation

engages learners
to form reasonable
and logical
argument to
communicate

exchange

learners to be coached
in development of
communication or
learner provided broad
guidelines to use
sharpen

communication

engages learners to
be given steps and
procedures for

communication
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The lesson plans were scored by inquiry rubric scoring based on five features of
inquiry. Most of the lesson plans lacked letting students evaluate their explanation and
formulate scientific question. Writing the lesson plan showed the difference from the
understanding of inquiry, the definition of inquiry before the curriculum implementation was
83.58% of knowledge based, but in practicing inquiry, it was different. Most of the
participants designed the lesson plan about giving the experiment to the students, which is
process-based for 62.30 %. The other four features of inquiry besides doing experiment

were found in the very low percentage before the curriculum implementation.

120.00% -

98.55% 98.55%
100.00% -

80.00% -

60.87%

60.00% N M Pre

m Post
40.00% -

20.30%

20.00% -

0.00% -

questions analyzing data  formulating evaluating their justifying their
explanations  explanations explanations

Figure 7 The comparison of inquiry-based lesson plan scoring before and after the

implementation of the experimental group.

After the curriculum implementation, all five features of inquiry appeared more in the
lesson plan of the participants. The feature of engage students with the formulating
explanations is the feature that was the most different from 28.90 % before to be 98.55 %

after the curriculum implementation. A totall of 69.65% of the participants were aware of
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having students formulate explanation from evidences after participating in the professional
development.

The feature of engage students to make scientific question rose up from 15.94%
before implementation to 78.26 after implementation, it rose up 56.92%. These results
showed that after the curriculum implementation, the preservice science teachers plan to
give more chances for students to engage with scientific question.

The feature of justifying data rose up 40.57% totally, from 20.30 before the
implementation to 60.87 after the implementation. Beside only report the result of the
experiment like before, the participants for 40.57% designed to engage students with the
self evaluation of communicate scientific knowledge.

The feature of engaging the findings with existing knowledge rose up from 13% to
49.28%, totally 36.28% changed after the implementation. However this feature has the
lowest percentage among five features of inquiry after the implementation. This finding
implied that preservice had problems with designing for students to expand their
knowledge.

The last feature is analyzing that rose up 36.25%, from 62.30 to 98.55. The
percentage of this feature before the curriculum implementation is the highest feather
among five features. However it still went up after the implementation and was also still the
highest feature in inquiry after the curriculum implementation.

The lesson plans were scored using the inquiry rubric score, the full score is fifteen.
The posttest score of all participants were higher than the pretest score. Table 8 shows the
t-test score of the mean score between pretest and posttest of the lesson plans that were

written by participants before and after curriculum implementation.

Table 8 The ttest score of practicing inquiry

Experimental group N X S >D ZDZ t

Pre implementation 23 4.22 3.49

-169 1495 -10.3869*

Post implementation 23 11.56 1.24

t(.01,23)=-2.500
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The t test score of the inquiry-based lesson plans as shown in table 8 means that
the inquiry-based lesson plans after the curriculum implementation significantly got the
higher score than the lesson plans before the implementation at level 0.01. This finding
indicated that the curriculum implementation can improve the skills of designing inquiry-
based lesson among participants.

2.3 Core teaching conceptions of preservice science teachers

The pre-questionnaire was used before the curriculum implementation. Also the
reflective feedback stories were given to the participants to read and respond at the end of
the day. All the stories were the conflict stories based on the core teaching conceptions.
The responses of the pre-questionnaires showed the set of belief that the participants held
before the curriculum implementation, and the response from the reflective writing from
each story told the change of their belief if the participants had changed their thought.

The results of the response is shown in figure 3, before the curriculum
implementation the strongest belief is about student ability of learning, which 91.30 % of the
participants though student might have the limitation of learning and that is the main key for
them to practice inquiry in their classroom or not. The second strongest belief before the
curriculum implementation is the perception of the effective teaching among the
participants,47.83% of the participants thought that the most effective teaching method was
the method that can transfer the information to students which can be considered the
content-based method because it supports participants’ belief of inquiry about searching

facts and knowledge.
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Figure 8 The percentage of core teaching conceptions before and after curriculum

implementation

The results shown after the curriculum implementation changed; all core teaching
conceptions that support inquiry rose up. The strongest belief about the limited learning
ability of the students change by decreasing from 91.30 % to 21.74% and their belief of the
expanding learning ability increased from 4.35% to 69.57 %.

The core teaching about the goal of learning science changed from the non-inquiry
support to be more inquiry support. The participants’ core teaching conception about
teaching science as content-based decreased from 43.48% to 21.74% and changed to be
more inquiry support from 56.52% before the curriculum implementation to be 78.26% after

the implementation.
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The result from the core teaching conception about education goal showed the
difference from other core teaching conceptions. The core teaching conception that does
not support inquiry also slightly rose up after the implementation from 9.09% before the
implementation to 13.04 after the implementation. However the core teaching conception
that support inquiry also rose up from 59.10% to 73.91% after the implementation.

The core teaching conceptions about the effective teaching showed the big
difference from before to after the implementation. The core teaching conception about the
effective teaching that not supports inquiry as the effective teaching is the method of
transmission of information that decreased from 47.83% before the implementation to 8.70%
after implementation. The core teaching conception that support inquiry about the effective
teaching method as the way to encourage independent thought rose up from 43.83% before
the implementation to 52.17% after the implementation.

The results from the understanding inquiry has shown that participants gain more
understanding about inquiry as the process-based, and the practicing inquiry showed the
most difference between before and after the curriculum implementation is the formulating
the explanations of the experiment.

The most difference of the core teaching conceptions between before and after the
implementation is the conception of the expanding learning ability, so this belief might relate
to the practicing inquiry and understanding inquiry. This result can suggest the future
research about the core teaching conception that relate to each features of inquiry.

2.3 The interrelationship between core teaching conceptions and understanding
inquiry

The interrelationship between core teaching conceptions and understanding inquiry
was analyzed by the information of understanding inquiry and the information of core
teaching conceptions together. The changes of the participants understanding of inquiry
were placed to connect with the change with the core teaching conceptions as shown in
table 9. The bold participants showed the case that changed the understanding of inquiry
from content-based before the curriculum implementation to the process-based after the

curriculum implementation.
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Table 9 Average mean score of core teaching conception and the understanding of inquiry

Understanding inquiry

Core teaching conceptions

before after
Participants
before after Not support | Support | Not support | Support
inquiry inquiry inquiry inquiry
1 Content Process +++ .
2 Content Content ++ + ++
3 Content Content ++ + ++
4 Content Process + +++ 444+
5 Process Process + +++ +4+4+
6 Content Content ++ 4+
7 Content Process + +++ 44+
8 Content Process + +++ +4++
9 Content Content +++ +++
10 Content Content S ++
11 Process Process +4++ +4+4+
12 Content Process ++ ++ +4++
13 Content Process ++ ++ +4++
14 Content Process + +++ 444+
15 Content Content ++++ ++
16 Content Content +++ +
17 Process Process + +++ +4+4+
18 Content Content +++ + ++
19 Content Process +++ + + +4+
20 Content Process +++ + 444+
21 Content Content ++++ +4+
22 Process Process + +++ 444+
23 Content Process +++ + +4+
Average mean 2.0 1.52 0.65 2.74
Score
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The average mean score of the participants who held core teaching conceptions
that does not support inquiry teaching decreased from 2.0 before the curriculum
implementation to 0.65 after the implementation. The average mean score of the participants
who held core teaching conceptions that support inquiry rose up from 1.52 before the
implementation to 2.74 after the implementation. The findings showed that after the
implementation the participants hold the core teaching conceptions that support inquiry
more than before the implementation.

In order to see the connection of understanding inquiry and the core teaching
conceptions, the participants who held the understanding of inquiry as the process-based
were pooled into new table as shown in table 10. The participants who understand inquiry
as the process after the implementation, the core teaching conceptions that did not support
inquiry from 1.42 before implementation decreased to 0.07 after the implementation. Also
the core teaching conceptions that support inquiry rose up from 2.5 before the
implementation to 3.85 of 4.0 after the implementation. This finding showed that the teacher
who understood inquiry as the process of scientist work held strong core teaching

conceptions that support inquiry as the information shown in table 10.

Table 10 The participants who understanding inquiry and the connection of the core

teaching conception.

Understanding inquiry Core teaching conceptions
before after
Participants
before after Not support | Support | Not support | Support
inquiry inquiry inquiry inquiry
1 Content Process +++ +4++
4 Content Process + +++ +4++
5 Process Process + +++ +4+++
7 Content Process + +++ +4++
8 Content Process + +++ ++++
11 Process Process +4+++ 444+




Table 10 (Continued)
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Understanding inquiry

Core teaching conceptions

before after
Participants
before after Not support | Support | Not support | Support
inquiry inquiry inquiry inquiry
12 Content Process ++ ++ 444+
13 Content Process ++ ++ +4++
14 Content Process + +++ 444+
17 Process Process + +++ +4+++
19 Content Process +++ + + +++
20 Content Process +++ + +4++
22 Process Process + +++ +4++
23 Content Process +++ + +4++
Average mean 1.42 2.5 0.07 3.85
score

The findings implied two main things which are the participants who held the

understanding of inquiry as studying about content held core teaching conceptions that

does not support inquiry. On the other hand, when the participants change their

understanding of inquiry after the curriculum implementation, they also change their core

teaching conception to be more inquiry support.

The relation of understanding of inquiry and core teaching conceptions that support inquiry

were tested by using Chi square method. The Chi square calculation of understanding of

inquiry and the core teaching conceptions after the curriculum implementation are as shown in

table 11.
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Table 11 the calculation of chi square test for independent of understanding of inquiry and

core teaching conceptions that support inquiry.

Goal of Effective Chi
Understanding Goal of
learning students teaching total | square
of inquiry education
science method
content 0(5.09) 2(6.26) 4(7.04) 3(6.26) 9 55.4
Process 13(30.52) 14(37.57) 14(42.26) 13(37.57) 54
79U 13 16 18 16 63

Degree of freedome =(4-3)(2-1)= 3 at 0L = 0.01, chi square = 11.34

The experimental chi square is more than the table chi square at level of 0. = 0.01.

The understanding of inquiry relate to the core teaching conceptions that support inquiry.



CHAPTER 5
CONCLUSION AND DISCUSSION

This chapter presents the conclusion of the study, discussion of research findings,

and recommendation for further research.

Research questions

1. Do preservice science teachers’ understanding and practicing inquiry
significantly increase after participating in the ESRU-guided inquiry-based curriculum?

2. What are core teaching conceptions that preservice science teachers held before
and change after participating in the ESRU-guided inquiry-based curriculum?

3. What are interrelationships of the core teaching conceptions with understanding

inquiry of preservice science teachers?

Research hypothesis
The hypothesis of this study is as follows:
The ESRU-guided inquiry-based curriculum will be able to improve preservice

science teachers’ understanding, practicing inquiry and core teaching conceptions toward

inquiry.

Participants

Participants in this workshop were 51 preservice science teachers in two
universities. As the 8" science standard emphasized learning science as the way scientists
do science, so that the teachers have to play the role of the supporter for students to
practice inquiry. The 28 volunteered preservice science teachers participated in the pilot
study and 23 volunteered preservice science teachers were participated in the curriculum
implementation. Totally 51 volunteer preservice science teachers participated in the ESRU-

guided inquiry-based curriculum.
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Conclusion

1. Understanding inquiry

The results of understanding of inquiry showed that the ESRU-guides inquiry-based
curriculum can change the participants’ understanding about inquiry from facts and
knowledge based to be more process-based. As the inquiry is learning science as scientists
do their work the knowledge or facts in science can change over time, by the better
technologies, the more information. The process of searching, proving, experimenting,
communicating and evaluating is more important. For the understanding of inquiry, the
participants mostly addressed about the scientific content, for example student doing
report, searching for information, which actually is one feature of inquiry.

Findings from the curriculum implementation showed that preservice science
teachers understand inquiry as only the way to find out existed scientific content not the way
scientist work in order to find out new knowledge. The participants did not look at inquiry as
the set of scientific skills that scientists use. In conclusion, participants did not understand
the various types of inquiry; therefore they cannot make a clear definition to state their
understanding of inquiry. These were similar to the study by Demir (2010) that the students
of an alternative certification program were unable to demonstrate a solid understanding of
what inquiry-based teaching is. Demir (2010) presented that the teachers held incomplete
views of inquiry-based teaching. Moreover the study of Crawford (2005) confirms that even
the teachers with research experience failed to understand the diverse method of inquiry
used by scientists.

Practicing inquiry

The results of practicing of inquiry showed that the ESRU-guided inquiry-based
curriculum can significantly change the practicing inquiry in the experimental group at level
of 0.01. In all five features of inquiry the increase of each features are

1. Engage students to scientifically oriented questions raised up 62.32 %

2. Engage students to gathering, organizing and analyzing data raised up
36.25 %

3. Engage students to formulating explanations from evidence to address

scientifically oriented questions raised up 69.65 %
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4. Engage students to evaluating their explanations in light of alternative
explanations raised up 36.28 %

5. Engage students to communicating and justifying their explanations raised
up 40.57%

Teachers who understand inquiry as a process of scientist work, gave more
chances for students to play the important role of investigate, learning and construct new
knowledge by themselves. In practicing inquiry through lesson plan designing, most of the
lesson plans from the preservice science teachers consisted of experimenting in order to
find the result of the experiment which is conflict of the understanding of inquiry from the
questionnaire that very few participants stated about doing experiment. The finding showed
that when it comes to practical preservice science teachers were more aware about inquiry.
Anyway the very low percentage of five features of inquiry are posting scientific questions
and supporting conclusion with the existing scientific knowledge. This finding implied to the
interesting issue because posting scientific questions is the most important step of inquiry,
and also the step of connecting the finding from experiment with the existing scientific
knowledge is essential for learning science. The participants’ lesson plans showed that
preservice science teachers will face the problems in practicing inquiry in the actual
classroom. With the same result of the study by Demir (2010) which revealed that the
teachers not just could not explicitly explain a clear understanding of inquiry-based
teaching, but also they could not demonstrate inquiry-based teaching practices consistent
with NRC (2000). Also Apedoe (2008) suggested that undergraduate students could not do
well in inquiry without supporting and guiding. Moreover Jones (2007) proposed that
teachers as professionals need collective and individual support in the classroom.
Designing inquiry-based lesson plans is the first step of practicing inquiry which seems to
be crucial steps and need supporting from experts. However, in the step of lesson plan
designing, the findings were useful for improving the teacher preparation program in order
to strengthen up preservice science teachers in practicing inquiry. Luehmann suggested
two basic design principles for science teacher preparation: (a) the need to create safe

places and scaffold ways for beginning science teachers to try on and develop their skills;
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and (b) the need to offer opportunities to be recognized, by self and others, as a good
teacher through supported reflection.

2. Core teaching conceptions

The results that showed after the curriculum implementation are all core teaching
conceptions changed. The strongest belief about the limited learning ability of the students
change by decreasing and their belief of the expanding learning ability increased. From
core teaching conceptions that the participants held in their mind, the way participants look
at students as the limited learning ability appear in the highest percentage. This will be the
key factor of not practicing inquiry in the classroom with young students when the teachers
think the students are not ready. The participants think that inquiry is the effective teaching
method, but do not support the educational goal of reaching the national test. These
findings are supported from different literature, in which the critical factors influencing
teachers’ intentions and abilities to teach science as inquiry is the teachers’ complex set of
personal beliefs about teaching and of science (Crawford, 2007. Mcdonald, 2008). Lotter
(2007) suggested for the successful inquiry professional development that the program
must not only teach inquiry knowledge, but it must also assess and address teachers’ core
teaching conceptions, then find the way to adjust them properly into the set of core teaching
conceptions that support inquiry. Otherwise, the teachers will not practice inquiry anyway
even they well understand inquiry or are able to practice it in actual classroom.

3. The relation of understanding inquiry and core teaching conception.

The results from the understanding inquiry showed that participants gained more
understand about inquiry as the process-based. The mean average of the teacher that after
the curriculum implementation held the understanding of inquiry as the process of scientist
work has the very strong core teaching conception that support inquiry. This finding implied
that during the experience in teacher preparation program, if the preservice science
teachers can understand inquiry as the teaching about the process of scientist do science,
the preservice science teacher will held the strong belief of core teaching conceptions that
support inquiry. The chi square test result showed that the understanding of inquiry relate to

the core teaching conceptions that support inquiry at the 0.01 level.
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Discussion

In this study, the developing of ESRU-guided inquiry-based curriculum for
enhancing preservice science teachers’ understanding and practicing inquiry, the
understanding inquiry of participants still look at inquiry as the knowledge, part of it might be
because of Thai education style that focuses on the test score. The time of the inquiry
activities might not be long enough for participants to gain new experience about inquiry
and change the whole set of ideas as the same result of the work of Schwarz (2007).
However, the finding could be used to improve the teacher preparation program, to provide
more inquiry-based experience for preservice science teachers. Moreover, on the other
hand, the core teaching conceptions of preservice science teacher should be addressed
and gradually adjusted to be more inquiry supported; therefore, the preservice science
teachers will apply inquiry teaching in their classroom practice when they start teaching.

The practicing inquiry raised up in all five features of inquiry-based lesson plan
designing; however, the feature of engaging students to evaluate their explanations in light
of alternative explanations raised up lower than others features. This difficulty was due to the
prior experience of the participants they lacked, and the Thai culture about criticizing others
is not well accepted. Also the proper self evaluation needed the good understanding about
inquiry, the result of understanding showed the misconception of understanding inquiry, as
a result of not being able to evaluate themselves properly among the participants.
Designing inquiry-based lesson plan need various skills, practicing is a time consumed
activity, the consistency of practicing inquiry needs a close support from experienced
instructors. The process of practicing inquiry should be provided to preservice science
teacher for the proper period of time.

The core teaching conceptions as shown in the results the most of the participants
hold the set of belief that does not support practicing inquiry before the curriculum
implementation; however, after the curriculum implementation this belief changed from
thinking of students as a limited learning ability to expandable learning ability. However,
even that all the core teaching conceptions of the participants changed from not supporting
inquiry to be supporting more inquiry after curriculum implementation. There were still some

participants that still hold the strong belief that does not support inquiry even before or after
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the curriculum implementation. Feldman reported the same thing happenning because of
the experience in real classroom teaching. The work of Feldman implied that the different
point of view on students’ ability can lead to the different type of teaching that the teacher
prefer to use in classroom practice.

The qualitative data should be collected from participants who held the strong
believe that does not support inquiry to find out what the curriculum have missed to mention.
Moreover the prior knowledge and learning experience of the participants should be
addressed deeper in detail in order to find more connection among some kind of learning

experiences with inquiry.

Reccommendation
The recommendations by the researcher are:
1. The recommendations from the research findings
1.1 Suggestion for teacher preparation program
The result from this study implied that preservice science teacher need a
clear understanding of inquiry and it plays the important role to preservice science teachers’
core teaching conceptions. If the preservice science teachers understand inquiry as the
content-based study, they also held the unsupported idea for inquiry teaching. The results
from this study indicated that preservice science teacher needs a real inquiry experience
learning, because most of participants never have any full experience about learning by
inquiry before. The education system expects science teacher to teach science through
inquiry, but science teachers would fail to do that if they never experienced it before.
The new structure to improve the curriculum learning by inquiry in:
O Structured inquiry
O  Guided inquiry
O  Open inquiry
If the participants can experience all levels of inquiry, they gain more
ideas to design lesson plan. The evaluation of the inquiry-based inquiry lesson plan should
be taught in the university so preservice science teachers can justify their lesson plans if

their lesson plans are improvable.
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Also the practicing inquiry, the process of inquiry-based lesson plan
designing needs to be slow and clear. The proper time for practicing needs to be provided
and the close attention by the experienced supporter is important. This experience has to
be done before the preservice science teachers go out to the real classroom teaching at
school.

The core teaching conceptions of the preservice science teacher need to be
addressed and informed; therefore, the preservice science teachers’ core teaching
conceptions could be more inquiry supported.

1.2 Suggestion for professional developer

The results of this study indicated that there were three things to be aware of
in order to develop the performance of inservice science teachers. First, the understanding
of inquiry needs to be checked whether the inservice science teachers held the
understanding of inquiry as a content-based or process-based of learning. Second, the
lesson plan designing needs to be clarified and levels of inquiry need to be introduced so
the inservice science teachers know how to adjust the inquiry activity to match their
student’s abilities. Third, the core teaching conceptions which play the key to control
practicing inquiry should be considered and improved to be more inquiry supported.

2. Recommendation for further research

This study designed the guided inquiry-based, which is considered the

middle level of inquiry. For further research, there should be studies on:

2.1 This research focused on developing the curriculum to improve
understanding inquiry, practicing inquiry and core teaching conceptions. For further
research, there should be the study on the relationship or the effect of real classroom
practice of the preservice science teachers and how to support preservice science
teachers. The survey of the obstacle during teaching experience should be studied to find
the way to support preservice science teachers.

2.2 The qualitative study about the background learning experience and the
understanding of inquiry should be studied in order to find out the key factor to the

understanding of inquiry in preservice science teachers.
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2.3 The relationship of each core teaching conception and practicing inquiry
in science classroom, this study needs long time and many processes to find out, but the
result can be used to guide the teacher preparation program for improving the teacher
preparation.

2.4 The study of the relationship between school policy and the effects on
decision making to chose the teaching method in science teachers. One of the factors that
affect core teaching conceptions is the effective teaching method which depends on the
school policy. The study will help the policy maker to support school teachers to reach the

education goals.
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Courses Syllabus of the Professional Development Program
Phase 1: Developing Teachers’ experience in inquiry

Day 1: experience inquiry

Workshop 1: Water crisis

Introduce the participants to the curriculum and explain the whole picture of the
professional development. The participants were grouped into four groups and each group
was assigned to solve the water crisis situation in rice farming using the information
provided from the instructor. Each group created the project to solve the crisis and

presented their projects.

The participants were told the conflict story of the goal of education and asked to
reflect the idea to the article received in order to understand the core teaching conception

of the participants. Each participant wrote down the reflective idea to the story.
Workshop 2: Soil crisis

The participants were provided the information about the rice farming crisis from soil.
They had to gather the data received from the instructor in order to create the project to
solve the crises and reported to the class, explained the reason and the evidence for

making conclusion.

During the last 30 minutes, participants were given the conflict article about

student’s learning ability, and reflected their opinion toward the article.
Day 2: experience inquiry
Workshop 3: Fertilizer crisis

The participants were provided the information about the rice farming crisis from
fertilizer. They had to analyze the data received from the instructor in order to create the
project to solve the crises and reported to the class, explained the reason and the evidence

for making conclusion.
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During the last 30 minutes, participants were given the conflict article about effective

teaching method, and reflected their opinion toward the article.

Workshop 4: Pesticide crisis

The data about pesticide problems were given to the participants who designed the
project of solving pesticide problems in rice farming. Participants had to analyze the data
received from the instructor in order to create the project to solve the crises and reported to

the class, explained the reason and the evidence for making conclusion.

During the last 30 minutes, participants were given the conflict article about the goal

of teaching science, and reflected their thought to the article.

Phase 2: Concluding teachers’ understanding and practicing inquiry
Day 3: wrap-up inquiry
Workshop 5: Organization crisis

The five features of inquiry were introduced to the participants. The instructor
reviewed the activities that the participants have tried and engaged the activities to five
features of inquiry. All data from every previous activity were given to the participants. Each

participant was asked to write the inquiry-based lesson plan according to five features of

inquiry.

Workshop 6: classroom inquiry practice

Four participants from each group were randomly selected to demonstrate their
lesson plan. The chosen participants role played as the science teacher while the rest of the

participants were evaluating the demonstration.
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Appendix B:

Schedule of the ESRU-guided inquiry-based curriculum implementation
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Appendix C:

Lesson plans for the ESRU-guided inquiry-base curriculum implementation



112

weuNITARNsEEusLagldinalia

=" Y a o 4 £ [ = [~
nsauaznaNugidwuziilagldanudnlanauFeuitugiu
WU2EN 1389 2n12zAngARU UMW (150 UIH)
WANGAINNIALLANEM ATzt daNiuN s ssiluka AU e ESRU cycle
-4 = v
AnUseRIANISITEUS

o % o a a rr:ill a aa o 2
1. dnBeuasnsnaieanindangmaniinewdlatoymangaaulunimiunlé
v a o [ ¥ dl o | dl Y v v a aa
2. dnFauannInuN aansein deyanaduie liduteyalunisudidoywangfnu
Tunaginunlé
o A % o a ¥ 2 dl Y o o dl 1% a2 a
3. tih@euamnInaieAestauasdeagandeyan ddnnszvinie 4 unsudilowiang s
Aulunarinnle
4. tihFauammnesunedeas nldlagldraininidnemaniimunzangnsies
o o a aa ] al a
5. tinGEaudnnntiiaualasanisudladyvianganulunisiiun weauneay afdee
dszifivAnazmuumieud o) ieimunlasansvessulinag

6. wWnladnanintesdFeanludenunnsiieiulunisduianzunonug

a

HANNSIEEUSAINNIATIIUANASEALDANANE

Q Q
% dl %
AUN 2 AINNY

% = % 9 a = a dl dl %
18 2 mf;’mgm’mmﬂ@mmqmmwLmzmmqemmmmmm

1
al o

AUN 3 Tinsrenstloyn

% dl = a a I a v 1 [~
189 1 HAMNAIN1ID TUNTAR '3Lﬂﬁ"’lﬁﬁ‘ViLL@Z’JW’m‘]:?/LWﬂEI’]\'iL‘]Ju?ZU‘]J

do91 2 dagnannnlunisdnen froan Ussiliuuazagiilszinu

inldysannisiuenaniay <) Aneades
FIUR 4 TinErANANRUSIZMINYARALAY AN URATEL
% ai a @ a 1 ¥ dlai Yo :// [
a7 1 HpnuFuiageusanissuiInlAfuneumaneialussiuiaanuas

A9ANST



113

ANAINTn lunsUFuda lunnsvinausaniugou

=2
)
=b.
N
pad)§

nansadiugy deawnefauwazuiladoywluaniunisnising o &

=2
o)
=b_
w
pud)}

AHNIUNIZAN
PV o a = o A o
4a¥ 4 HANAN190 luN19 ek uuarFURATaU NN T UFR W LAWY
?\// v a a =
TNANWAITINTAZITT
v all % a T a % di }7% =
ANUN 5 NNHEIATIZY FINFALAY NITADATLAZNT MNA M IAT A4 1N A

P = % o = A
an 1 Nﬂqqll@’]lm?ﬂL@‘ﬂﬂimmﬂ‘]ﬂzm’]ﬂﬂq‘]ﬂq LL@ggﬂLLUUﬂW?@@@q?W NV NI ALY

=2

1 ¥
ah 2 AArnanisnimetan At Akazn e ATIRAIan U W 1 T

22

= ¥ Y a Ly ° =3 ' ¥
NMIANHT AKAYT AATIEUUATUNLAURLTZLAURNS | 1@

1. eBLEdnHEeesAnNEINEAERsTIAlun ALz AN L

2, fa“ﬁmﬂLwamaiuﬂ’ma@ﬂﬁmﬂizﬁfﬁui@yj@ﬁifﬂumiLLf’Tﬁfgmﬁﬂqﬁﬁﬂum?ﬁﬂm
6

3. aqduaanndeyadilisanszinuda athegnifesnnzay fvpRuaninenaans

4. asuredearlsaawmnnaesiuingliarnuimeangianategnsas

5. ﬁﬁmu@LLuqmaﬂmLf’Tﬁtymmmmuu@:i’quﬁu@ﬁﬂmﬂLﬁ@ﬁmmim\imimmLﬁ'ﬂu

] b4 v
fauviasls

1
a

6. adfdmaliAnumuizanaasnisduiaznaniaedauludansdeiuld

WUIAMNAAUAN

tladendnAnyTunistgndnapailadazesiu iasanilaqiiuniamnemnslszauniay
MnTeeanugRaunssiLdaianayuse ey inenInsaasefindulasein i aruietinll

Tisznauan@niudng iugnanslssauunununlunismnzilgnaasniAnHasasanas

uanwiaanniunAANERNanasasin liFunma mmmfm@ﬂm FIANLLAY NN

Auduitlasunainaesiuluudaz)inipgadanantAnwAN il Toyuresnisdenannaes



114

nsinwndmntag W ldliulgsaninineessiu i H B unanananadatinsaLias 1l

Yundaselivessaunluusiaznianinanangagaiamauiunianinisuansngasels

HlFunnusinaiuie s naasaulunisinuaaduilyuilaniusals deiuiladeza 200

'
o A

o v o o o= dl | o  a ¥ ¥
AATUN NEFINIFBITLHATZIIUAZINULHL LA sm%l,ﬂuqtymemﬂumﬂmﬁmmﬂ?mmm

anAN Tnglannzag1siednatunsninliunudamalsls
NSEUIUNISTAANITIFEUSRIUSULLFEU (110 W)
2411 ESRU 2 cycles (10 ©1¥)

1. Agdszidunaunaununiuin GausaAnusaliil
. | 1 o dl 2’/ o dl v o o dl
11 Eliciting AZDINTNGEEWIN “UARINIIIFAIDINTNYNFasTUAIAaLNLEN
4 % o 1 dl o dl v
FaIn13udn At laieniAae U feenis”

12 Student response 1NiFEUABL “NIN19NARY, Hudays, Aundaya a4
1.3 teacher Recognizing AFWALNANARLTANINITEY, AZATLIAINAINAIRBLEDY
o . Aa a a o 0w o o
1nEay, AFTuAMILWISINNRANNAARLRT LR ULAZ AT LA ML

14 AreuuaznadaNfanssnluduEew
Y oo ARy o A ,
1.5 teacher Using student response ﬂg‘hﬂﬁ[ﬁlﬂuwumiﬂumuLW@M@E@@M@]
o dl ¥ A ¥ o o a [
ARALTIFBINNT A N1399UsINdRYA N1FAANTENUALAIAINEdRYA
2. AgtsziiukaunaunuiLtn Guuias Aniusia il
2.1 Eliciting AgontinEawdn “tundideayanissesnisldinem Anauiiug
aunsnAunulAnnung vizadeyaiienldainnimasedudnisnrinnimaaes
%’/ ° v 3 ] 1R 75 3:// VG| e
waneAis wazihdayaninetnglsseasazainnsalddayaiulidulse tom
v,
l/Lﬁ]”
2.2 Student's response HNIFEUADL “UNNIMIAIDAL, TNINIATN, TN
N3, s ldgmeauan”
2.3 Teacher Recognizing AFWAENAIMBLIIENTINEEY, AZATLAINNAINAINBLIZE
1nEay, AsTuaauILWIsINNRANNAARRR LR ULAZ AT LIAME T

ANRALLAYNNTIINAANTIN T WS



115

2.4 Teacher Using student response AgldAmauiiinGaunauivasasan iy

¥

AEALNFEINT Ae FausINdeyatiundanITinfe RN NI zaNiL
HINUHNEIAIANAALNFABINIT FLNIININIINABAIUALATI BNAFAIUNALDRAS,

= ¥ :l/ KX a Y di ¥
ﬂ’]ﬁ‘Lﬂ?‘EI‘LILV]EI‘LI‘lIﬂNu@ @’]ﬂuu’w'}Lﬂﬁ‘ﬁtﬁ?l’ﬂﬁ;lj@mﬂﬂﬁﬂlﬂ@‘%‘ﬂ

YUADY (80 W)

a ' v A '
NANTTNUBANNYNHNLTEIN 4 Ny

u

=

2% a 1 v 1 o =K 9 a aa o .dld £%
a.  WanmnlungueFausauiudnsndeyatlamidnganulunisiiunily

(10 w ) wiaznguazlaiudayalunisuilatiouidngAaulunisioun

1%

AHNNUANFANST AT

o

- ngui 1 dayanaafuilymvesaunidugilassalunisioun

v o Y

1 dl v dl a a 4 o [
- NN 4 1RYANEINU ﬁ‘IJ’]'JLL@Zﬂ’]ﬁ‘Lﬁ\im\lmuﬁlﬂLﬁquﬂﬂﬂ‘uwu’q

)

Y A ax = a
- NQAN 3 URHALNE UQﬁﬂ’)?ﬂﬂHﬁ@Mﬂﬂ‘Wﬂu

'
= o

1 dl k4 o a
- NANT 4 deyaineanunidiulenu

b. WanEnlungueFauiuiuinlueuizestassnisuitywinising iau

a

=

Tun13v1un (40 w1 ) Tesluwlusulsznavlusasdune i linEaudy

¥
v o A

% ¥ dl
L@’]%V’]ﬂﬁ’ﬁdg"ﬂﬂﬁlﬂﬂ;}@miﬁﬂﬂu
?:/ o a o‘dJ o 1aa v a a %’ o
- mmmwm‘wmmzﬁmsm:miﬂ@pm%‘unﬁmmmqmuﬂum?m
U

o °o o o o o Heny
- UTIN @@ﬂit'ﬂ?ﬂll‘llﬂ&lﬂ@LW@‘MWF’W’WW@‘UVIW\‘IiQ

!
=

- agluaanndeyanlddnnsziinly
- MeonufinenmansluEesimiizanunisesunedeagildainni
v
sausndaya
- snidudeaglandayanagllduazmnuinisdnemansiiiunldine
Humnualunissasiudeyasinann dnunislanasimunlasenislia

¥

wndanilugecldd@slninmn dayalaiums

20



116

L4 ! ! o 1% a aa o R4 =
c. Wusaznguinauslasanisudilyminieydngiaulunisinuunviesdeu
TanantinGaulunguay o) afdmessiiuamuninganriu ienis
5uigsnmuninlibiau uazagisudulassnisimaniu (30 Wi )
auagd (30 un)

TinFeutieiuaggenldinlunisfinlasanisudladoymiing@aulunisyiiu Ineagd

nsvnnuwsazduneualuaseien FaumeuiuduneuenisduaznaNg

TURBUNITALLENZIN | . L
5 NAUNITUIALE | MANTTUNLAUE ane lunisu b
AINT

1. HOANDNNLT

eANART

2 AANTENITILIIN

¥
URHA
k1l

T
=

3. edaagn
aanAdasiudaya

16110

4. MdpauFienmans

lunnsesunedessil

5. HauaAININI

MNUARRT

NSTUIUNITIANSIFEUSAMSUNANATIAF (120 WIT)

u u

JUFERW (90 W)

1. naugtaaagdunanisldnislssilivumaununlunisininFaudngnisduanzim
¥ =
AN (10 1N )

2. AN lakEBnnIgeu (20 W)



117

=

3. uenéheiullduns ngugBeunaugua aeuninmauseINIRiNEN TuEes

a

'
[

Faninsnl luisesdayansasniaiuin wieutiuinasluiuudsing faaAinis

a

[

samaliil (30u19)
- uanasinaiuaeinglating?
¥ dl ° [~ ¥ ¥ ¥ A [ o o Ql a A 1
- dayananiusiesldasudawizeli, feansdanglnsniiiuiiniiels?
- Trsannsudtlyundngdaulunisvinunnantuniuiluednls?

4. &unensiiauelasanisuwdtlyningiaulunisinunaengugmauusazngs i

a q

¥ o

v o = s = v o X
WHNNEHY gaunINDIANIMNIzaN T3 TATIAFINNIR LA T AINEATH
(30 W19)

4.1 MIBNADNIERNENAEaTIausasngutuiunietngls
as o °o o w Y | o = gt &
4.2 FannsdnnszvinAudayan lduniulinnedsls Mluaaaenldasd
4.3 meagUdayaannisdnnszintiuiiniesingula Mdudngumnuaatingls
4.4 o lnnudnisinenAanfesunsesiudessidesngls

4.5 nmaunauatiuasnsadiudgslinauliacnels

auag (30 un)

o 1 1

A8 1HESRU cycle fiunguedaeng

q

[ % 1 |

v g E Y 1 “Q/d 1 o ¥ 1 ”
1. Eliciting fadennunguidnangdn “fanatslsiuumumgdonng

a UG

2. Students Response NguiTaeAgAaLANDN “ §Anandn, Lae <, FAnmdaulalsn

azlany”
3. teacher Recognizing AFWALINANARLTANIINITEY, AZATLIAINAINAIRBLIEDY

o =l oAl a A o9 o o o

UnEeu, AzlvRILWITINNIANARALANLERELLATATI LAMANMTLAIAEL

! a Z// =
waznigdannanss g uEew
. Y o dl o A dl ' 1 o dl

4. teacher Using student response ﬂgshjmm'a‘umuﬂLﬁ‘ﬂumum@mmmiﬂqmmuw

£ A a % ¥ alldl v o = % azll A
RBANNIT AR Q3N 7 LL@QMH’WIVIVLVWI’]VMﬁ“ﬂ‘Vlqul‘ll’ﬂ\‘Iﬂgsluﬂ’]ﬁ‘@ﬂuLL‘Ll‘Ll’&ULZQ’]%‘W]

¥ 16 1 ¥ Yo wya 1 ] ¥ o
Aug anzagardldguanaonadlinudEeu widugionn fausanuazaon

a



118

v v

- o Sy o ~ 9y %
NTARUANAITN mﬂﬂﬂ’]ﬁﬁluﬂ']ﬂ?ﬂugm@\iaﬁﬂu LW@IMNL?HMi@@U L@']Z‘M"Iﬂ')']ll?lﬂ

k1l

GHENGHITEITLET TR

= 4
dauazainsol

1.

NTTAHA
n7eANENIN
neglng
1nnndwan
ALAD

2NAU

langnsdsenaunisisaug

stnwannileyuiangAsulunisioun
dayaialilTomu
doyatlynuargiassazesznuning

dayatFununanasmasinuntuazdnouniliaesusiaznalull w.ea. 2548 — 2549,

' f
a A a A

¥ ¥ = dl a Ly dy d‘
ﬂ@Nﬂ@ﬂﬁyﬂ’]@uL@ﬂNLL@A‘?II@NQ@ﬂuﬂﬂﬁﬂ;’lﬁ’m’]\‘iﬂﬁﬁ‘m‘iﬂmﬁ‘ ( el lunnmszinui

a

dl =) =) o
niatoyuianganulunimiun)

-8

Y 1% v & Y a a as o di N o o
DHANUTL1I 5 ANENUY, %@Nﬂ@‘ﬁuﬂﬂl'ﬂ\?ﬂuLLZ\IZQﬁﬂ’]'EVI’]u'W( WwaltiiAsneiing

3

dranmnzanuaianswseNAunmNnzanlunsuin1aEAngAAulunigiau )

¥ a o a =S a dl 2 s
m@aﬂ@ﬂizmmmmu, NINLIMNTAULALNITANBIADUNTNTDIAU ( WwaldaiAmeiing

a

aca a tﬂl v aa o
VFATINANTNURN mummmﬁmmmqmmuslumimm )

'
a ¥ kg

doyaneAANFALALINIZITAE Bashu, deyanisuddlnymAules, deya

u

=

(el TN lunsniunaeatl 2555 wazsrazinaniwmnnsanliunng

- 4 Y 1 o
LTUNTUN L‘W@LLf’T”Lmﬁagmfmqmm‘Lumimm )



119

NSTUIUNSALNAULNUANNANSILLDA LUNITRAUINLAIEAS (20 W)

o 1 a

2 o v Yo Y = a 9% < % A [
AR yfuandeiudFaunalfiade ‘].Iﬂ’ﬁLﬁ‘ﬂu'J‘V]il’Wﬂ’W@W?QQHL®ﬂ1VIEW?ﬂNM?@1Nﬂ"

u

= %
"ﬂ’]ﬁ‘Z\iULZﬁ’]Zﬁ’]ﬂ’]WNg

1%

A48 1HESRU cycle ugEau Aol

a

=

! v A a ! ¥ ' ! v A dl o
bTEIUIN “uﬂL?ﬂuﬂ@Q’\L?W'Qﬁ?!jlﬁﬂﬂqﬂ1iqquﬂL?HMVIL?W’Q%‘V]’]HW?

o

1. Eliciting §qanna

232

v A 1o = a 8% a4 ¥,,
m@uwmum@imumﬂmmmmm@mmﬂmmuLmzmmmg
2. Students response HNITEULAAIAMNAAWILABANDIN WU AR MLLNAZaL
U = i/dgl v | o :l/ 1 o % d? QI =
NAULTEN, @mnmmgwugm, [;‘lﬂ\‘]Lﬂu']ﬂﬁNLLﬁmﬁilwﬂuﬂvaﬂLW?']&L?NNF’]'J’]?\I
v Aa v ¥
TUNATRLLINLA 118
v
3. teacher Recognizing AZNALNAIABLLRITINEY, AZATLAINANAINELIIE
o A 1 dld a = [ o o o
UNLTEL, ﬂgiﬁ’mwﬁLLWJ‘I’JNW&IWA’]S\IﬂMLMEI’JT]‘LIqu\ljlﬂ@‘]_lLL@&@;‘H@U@M@’M?U@WW@U
! a 2’/ =
LL@&ﬂ’]ﬁ“iQNﬂ@ﬂﬁ“iﬂluﬂ]uLﬁ‘ﬂu
4. IinFawinlueny If you want the right answer from me, then give me the right
. dl a I dl a d’g dld 1 G| a
question. memmwﬁfymmmmmumngumwmm AUNLFEIL (10 ¥N)
. ¥ o ai | di 1 ] o dl
5. teacher Using student response ﬁg%mm‘umuﬂ L‘;‘ﬂumum'ﬂma'ﬂmiﬂqmmuw
¥ A @ o [~ 37 dl = PN 9% A 1
ABRNNIT AR Lmﬂ'ﬁﬂiﬁuﬂ‘Wﬁ‘mNﬁSL?F;ILLEQVIE’]ﬂ’m[ﬂi‘ﬂfmﬂ’]?’&‘]_lL’&’]%‘Vi’]ﬂﬁ’mg
= 1 v % [ % o a % [ 1 %
mel,l,mggmumwmmmmmmuLmz‘mmmfl‘wmmmmwmmmm

] dl [=f =3 ° o 6 o/ I <6 ¥ a A
pnavniudsziaugn ALY LNTICHYLEIANLLALLL WA nATANITALILA N

AYNElUNT9BEUEANENT o saUsNTINEY
mMsipuasilsziiung

dszifiunaainmAuainsn lunisauianzianFanuuuseulasanisiva il
ﬂtyuﬁﬂqﬁﬁﬂumiﬁﬂuﬁ Tuanu If you want the right answer, then ask me the right question

LAZLULAZTAUAINNA



Appendix D:

Project report for each activities



121

wuuseulasensunlynidangaaulunisvinun
NaNY 1
axInlungs

dszifulunnsduizmaning Aa dywiianluu

o = vy £% v Ay yo A ' a aa ° a X A
mmuLW@IMMLm:mmmgmm@g@mimuLWfamfnﬁnalmmqmmu‘Luma‘mmmmumiuu

andeyanldiuliidnasiemnie ienFaumaudsunmunananseliresdiun wazdaun

Usluuraznipaassemalngludl 2548- iamduanandnaaasnialafnialoym 2549



122

17 Y @ ! a v IS ¥ o ?:/ a 49{ d‘
ﬂ@@@ﬂ“’i’mﬁ]’ﬁ’mLL@@\TIMLMMQ’WﬁQJMWIMﬂW?N@WIIWQ"LJ,’T}JLL@%‘H’]QH’]‘]JNHHLH@“llu‘ﬂﬂ’]ﬂsl,ﬁl,mﬁ

= 9 o 1 1% 3
m’mgmmmmm@m:wumﬂmﬂme"l,m ﬂl'ﬂ@‘%‘ﬂﬁ\iﬂ@'ﬁ’]llﬂllqﬂ@’]ﬂﬂl’ﬂ}luﬂiﬁ

o a a 1w ay v 1% o | ' a = Y ] 1

iniFauAnddasglnlaandayadingis dasisnuanuiainizasie welaEuindnosals
X AY = o 1 a i = )

m@qwuwuumﬂﬁ‘muﬁmmm\‘mmq Iﬂ?@@ﬁUWﬂLﬁﬂN@@ﬂqﬂﬂzLﬂﬂﬂ LL@ZL?']‘QS’N'IN']?QGL"H

ANGMINENAARSaBLNea MR AtiymAInana lFetsls



123

wuuseulasensunlynidangaaulunisvinun
NaNY 2
axInlungs

dsziaulunisduianzmanad e lddnanuglavasinsannuacngls

o d‘l v % v aAl Yo dl 1 b7 ! o o=l o d” dl
AIDNNLNG AL L@Wtﬂﬁﬂ')’?ﬂg@’]ﬂ‘ﬂ@ﬁﬂ@%iﬁﬁ‘u LW’BM’]']WJ'YJLLW@ZWH@NFM’]ML‘MNW%Z@NT]‘].IW‘L&‘V]I@

g A A a quw o v A a
LL@:ﬁ"Jﬁlﬂﬂ@ﬂq?LM'ﬂ‘ﬂN@ulﬁLﬁN’]:ﬁ@NﬂU“ﬂquL@ﬂﬂll’]

¥ dl Vo vas % dl = o ¥ 2 o o dl 1Y
@qﬂﬂlﬂ&l’jﬂmiﬂﬁ“u‘lﬂu@[51@‘3"1@51']'3’1@ L‘W’ﬂL‘LlQﬁI‘EIlILWEU@M@NUM%@Q‘W]’WWQ AYNUG LWBUIINUT 5

1 ug lamnnzanlunisin lgnlunui Minailymlungun uazairemnsanlzauimen

ada a a o o o aa dl A as o dl o v Y
IENITATENARAIUTUNITNIUNITHAN & LWﬂll;ﬂmuﬂﬁﬁ‘L@’ﬂﬂQﬁﬂqﬁ‘V]’]u’mLMN’]ZZ\WT’]UWL&‘Q‘U’]Q



124

daaglainmiranansliviudrdraiuglawanzanlunisi ldgnlunundsdoymiingiaul

o % = a o o ¥ v ac ]
NITNTUTNLRSFABILATEN ﬂu@’]ﬁﬁ‘l}ﬂ@ﬂ‘ﬂ’]’) ANLIRT LA ’E]EI’NVL'J“

o I

iniFauAndndasgUnlaandayadingan anansalduniyuianganulunisvinuile

) 1 k73 % a v % 1 1 L%
‘vi'i’EI‘l&l m@zmmmhmmgm’mmmmmmﬂumimq@mmmqﬂmmLiﬂm@ﬂﬁﬂi IMYNAEN

NNZAN LA



125

wuuseulasensunlynidangaaulunisvinun
nauy 3
axInlungs

Uszidnlunnsduianzmeanud Ae anwnwdluwuulyu

] dll Pz % v dl Yo dl aa a dl % A
ﬁ’]ﬂ’]NLW@Iﬁ]Z@UL@Wtﬂ'}ﬂ'ﬁﬂg@qﬂﬂﬂﬁﬂﬂﬂiﬁﬁ‘uLW’ﬂﬁ’]']ﬁﬂ’]ﬁ‘ﬁlﬁ")’ﬂ@ﬂ’]Wﬂui’ﬂﬂuﬂ%‘ﬂ@jﬂﬂﬁ’] AR

17 dl Yo yaa % dl = o a '
mnmmﬂ@wvlmﬂummmwm‘mq LW’i’JL‘]_E‘F;I‘]_ILVIEU@M@NUWW@\?@MIMIW@M’N | LAZRANTINLARA

1 v
a

B9ALITNALTILNUANTNAMNTNIBIABLAZITN9FIIAALIIAL Tz NE LAY



126

m@@gﬂmn e PN T NYbY MUATUANLIATDN AUNTIUN LN ﬂﬁtyﬂ’] AITATINRANTWAUARIAU

1 AI o A v aaal 1
ﬂ'ﬂ“LALﬁ‘ﬁJV]’]u’]ﬂ@'ﬂzllﬁ‘lﬂ\'lLLZ\]ZM')ﬁﬂ’]WIﬁ‘Q@@H’Niﬁ‘

o A a 1w aly v Y o i ey a aa o @ v
inizeuAnddasglnlaandayadinan anantnuasiuninnnanunainsiagay
WUUYNFBIMNIZANUAD A9 lEAINENIINEN AN AR FaBLNATNAMANTTRAINAIT9IAY 13

pudAtyAaniaastiuinaesdit lununfaymiuednels



127

wuuseulasensunlynidangaaulunisvinun
nauy 4
axInlungs

dszihulunisduaizmaning Aa wiluasnls

o ~ vy v ¥ Ay ve A as a aa o A
ﬁ’]ﬂ’]NLW'ﬂIﬁ]Z@UL@Wtﬂﬁﬂ'ﬁﬂg@’]ﬂ‘ﬂ@ﬁdﬂ@i’liﬁﬁ‘uLW@%’]']ﬁﬂ’]ﬁ‘LLm‘ﬂQﬂq[flﬂusluﬂ’]?i’]'}u’] AR

9 dl Yo vaa v dl ac o a = v a v al
mnmmﬂaﬂmﬂummmwmmq LW@?’JU?’JNQﬁﬂ’]ﬁ‘ﬂ?UﬂﬁNC"ILLLL@?JLLEI‘EI‘LILVIEI‘].I“II@@ UBDLALILLAL

ANNIMHNZANNLALLARZLTZLAN



128

17 v & ! dgl dd‘ a a a
............................................................ ﬂﬂ@ﬁ;ﬂ@’m[ﬂ’ﬁ’k‘]LL@@\‘II‘MLMHQWIMWHWWLﬂﬁﬁmVWQﬂQW

AulunisvinungaAUiulamudaeialanaunisinuinisiell

iniFaufndndasglnlaandayadingan anansadnldldunilymanganulunisitunly

1
A 1

& & da Y a o 16 Y 1% a < a A ax o !
NUN VILﬂﬂﬁfy“’]vlﬂQiﬂﬂﬁ'ﬂlN TmﬂQWNgVIN'JVlmﬂ'mrflﬁ‘@ﬁ‘]_l'mLM@N@VIL“H@Q’]%M?MH@W%

g



Appendix E:

Reflective writing form for core teaching conceptions
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Appendix F:
The example of pictures of activities

from ESRU-guided inquiry-based curriculum
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The example of pictures of activities from ESRU-guided inquiry-based curriculum

1. Solving rice farming crisis




Appendix G:
Example of qualitative data

Impress of the curriculum implementation
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Example of qualitative data

Impress of the curriculum implementation

o -
M%ﬂﬂnguququmﬂumﬁwmﬁﬂ TIENIANIZHAS ?28?) P

_ e AR GO i e SRS MR LT ek
i HUUAOUDINHAUTITINMTOUTY |
i 384 core teaching conceptions ( uAuAINARIILLEAIBINITEEY ) |
| I 'ﬂ%‘uﬂi»ﬁﬂﬂ Post- SRI [ntqrview Protocol I
! 1. quAaigaidBoudorlsvinmssusudweiiuls TonflumsiTh $ludesFounniiga I
i e Aarm BendwuaRumny ooy i

o .

: _mendtgundeu, S ST ) :
I |
R I L o T ol ek e T 7 |
[ |
i e g e g . i |

2. pufahgumsathuwumsaeuige ldeenuuulumseusii liFlumsasusild :
1 win li 93881y 2 I
; el < ~ .
S o116 wonz_semisoxHammemndmenimisifd |
: Ao M fams B R Eemaanid) e Rembon
| B By, e NG R e D |
ER L e IO GRS 0 L e T |
| I
: 3. Tsaosmelszaumssilunsdoudvesguainmseusuil (Sinwes lsiigudvmdaey |
! Fimslafinallunstoudifedumeaomniu) s .
| Haotheed s wneimez bl Mdoehdls” l
| TowRms | oumutons menzik fomeoh i
e e mloas) wheingms

v

| DR W i R S EN |
| 9 72 D01 D . |
L AT e i
i ................................................................................................................. [~7
1 4
e e ey, =7



139

[ T U T, s | 12 | RSt

E ]
4. o¢lsthanmibszaumsaimaFeuilumsdumzmanuinnuazdymlumseusuiiiigu

szansmhnay 1 ludeaFould

v

DTSRRI MONNT i

.....................................................................................................................

.....................................................................................................................

moh_eazvhFomn il themadondadnonamnmre |
Nb/‘dbw r?wu'u IJT'S)}?’% uaan.ufngg JHRTH nag . I
.................................................................. T S
.................................................................................................................. f* ”
Sy
----------------------------------------------------------------------------------------------------------------- IAI‘/C



140

B T v SV VTR v e

¥
o

U - = cﬁ'd - s ﬂy - a 1 = :’J =t
8. ﬁf?ﬂﬂﬁll"lﬂ‘li‘ll’lﬁUuﬂﬂﬂ‘iZﬂ'ﬂﬁﬂ‘lﬂiﬂﬂﬂﬁ?J‘LI‘SHFI‘NU. uazmsﬂﬂqmwﬂm'mmw‘uuuu

Uszansam % ! . I
I uRomlged1lls s B e o uiminohskS

9. AU ﬂmLiﬂ'lilﬂ’J'lilﬁi.l'ftl‘ljﬂﬂﬂ'ﬁﬁﬂu‘!ﬂﬂ']Pf'lﬁﬂilmﬂﬁ‘i] LeEn 1ﬂ’311|§'3'1€]m\i1i

~ iflannan 7 | ?:sﬁ:?.?.ms.ﬂc.f}ﬁ!!?.i.y?i;.u!ﬁ.?.r.mm;.ﬁtﬂy'lgﬂ\f}fﬂ%‘ ...... |
.......... gy YoA4] 5 o AD v amaT B, Formvamnrom i W
G e s i o T S e e i e S :

|

10. aeuiinuuseniediinuaeulaoldnsdumemanu} l
1. duAahguaeulasldmstuaiznanuieguda $renjanesuioszidiumdiii |

° ' = = o - & )
ﬁ?ﬂgﬂUﬂW‘\lﬂQﬂmlﬁq ‘}W'nL‘it,lmﬂU’Jﬂllmiﬁﬂmeﬂﬂ’;'iuﬂﬂ{m’avlﬂlm’mﬁﬂ}lm:

2 o uE
aenals Inelvtiiademaii ludesuneniu

o gaihez Inhalumimazireulasldnszuaumsfumzminnug l
e inourhes IsthaluguzdGoudronssuumsdumenmang |

o A = 3 ° g ' :
o wisdouazninensan q gminnldodials I

e mammmﬁmmﬂﬂﬁﬂuamﬂs
ﬁn%f B mwamo g Qv R s 3030 0000y |

....................................................................................................................






142

VITAE
Name: Thanee Junnang
Date of Birth: December 6, 1978
Place of Birth: Bangkok, Thailand
Address: 256/1 T.Tatakiab, Tatakiab district,

Chacheongsao, 24160 Thailand
Education Background:

1996 Wiseschaichan “Tantiwithayapoom”
School, Angthong

2001 Bechelor of Science (B.Sc.), Chemistry,
Rajabhat Institute Phranakhon Si Ayutthaya,
Phranakhon Si Ayutthaya

2002 Graduate Diploma (Grad. Dip.), Teaching
Profession, Rajabhat Institute Phranakhon Si
Ayutthaya, Phranakhon Si Ayutthaya

2008 Completed the Program to Promote Research
Method in Science Education, University of
Wisconsin-Madison, USA

2015 Doctor of Education ( Ed.D.), Science Education
(English Program) Srinakharinwirot University,

Bangkok



	Cover
	Abstract
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Bibliography
	Appendix
	Vitae

