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Kamonwan Klaiwong. (2011). Development of Inquiry-Based Teaching Program via PCK
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Srinkharinwirot University. Advisor Committee: Assist. Prof. Dr. Nalena Praphairaksit,

Acting Sub Lt. Dr. Manat Boonprakob, Dr. Wanida Tanaprayothsak.

This research aims to explore the effects of an Inquiry-Based Teaching (IBT)
professional development program on preservice teachers’ knowledge, attitudes, and skills
concerning inquiry-based teaching. Three major stages were involved in this study; 1)
Identifying Pedagogical Content Knowledge in an Undergraduate Inquiry Biology Lab

Course, 2) Designing an IBT program and, 3) Evaluating the use of IBT program.

The results from stage 1 led to eight PCK components for inquiry-based teaching
which were presented in Spider diagram. These derived PCK were then used to develop a
program and implemented with 11 preservice teachers. Learning strategies used in the
program consisted of immersion experiences in 45-hour workshop and microteaching
practice. The collected data in this study included 1) pre and post-lesson plans to track the
knowledge changes, 2) observation of pre and post-microteaching inquiry behaviors, 3) pre
and post attitude toward inquiry-based teaching and 4) satisfaction toward IBT program.
Other qualitative data were also collected as follows: field note, video tape recording,

journal and informal interview note.

The data indicated that prior to participating in the IBT program, preservice teachers
had limited knowledge in designing inquiry-based instruction. It also showed that their
intended learning outcomes were greatly emphasized on content learning rather than
process learning. Lesson plans of the preservice teachers presented unclear cognitive
structure of the task. The nature of students’ involvement was low and the teaching was lack
of variety of instructional materials. Teaching styles were didactic. The preservice teachers’
behavior and students’ behavior in relation to inquiry were seldom presented during pre-

microteaching.

The results from the post-program data showed that there were changes in the

following components: 1) Intended learning outcome, 2) cognitive structure of the task, 3)



level and nature of student involvement, 4) Way of giving feedback, and 5) Familiarity with
equipments. The results from attitude questionnaire showed that construction and
manipulation of inquiry-based equipment was the only subcomponent that statistically
showed significantly difference (t = 1.125, p < 0.05). The satisfaction score towards IBT
were the highest of all item considerations. However, the data also indicated that in some
cases, the inquiry-based teaching knowledge and behaviors after the microteaching remain
unchanged. These data showed the obstacle and limitation factors that limit preservice
learning. The findings in this study provided the suggestions for preservice learning
regarding to the essential knowledge and skills needed for facilitating inquiry-based
instruction and also presented the possible factors that constrain the implications of inquiry-

based teaching.
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CHAPTER 1

INTRODUCTION

Background

Scientific knowledge has developed rapidly over the last century and there is no
doubt that much of this progress comes from the improvement of science and technology
(Klainin. 2001: 1; Office of the National Economic and Social Development Board. 2005:2).
The goals of learning science-biology, as written by the Institute for the Promotion of
Teaching Science and Technology (IPST. 2004), indicate that biology plays an important
role in both present and future societies since this subject is related to humans, animals and
the environment. For this reason, many countries have turned their attention to finding and
improving student understanding of scientific ideas. It is claimed that that a deeper
understanding of science will allow countries to compete against other nations (Klainin.
2001: 1; IPST. 2004; Panichapan. 1998: 67). Furthermore, improving student scientific
knowledge will provide opportunities for country to develop better agricultural products,
heavy industries, and public health and environmental policies for the eight to tenth as
articulated in one of the objectives stated national economic and social development plans.
It will therefore elevate standard of people’s living quality (IPST. 2004; Office of the National
Economic and Social Development Board. 2005:2, 9; Klainin. 2001: 1).

To achieve scientific objectives, teachers are the most important driving force
(IPST. 2004; Panichapan. 1998: 93). Through the teaching of science and the learning
process provide students with both content knowledge, and critical thinking skills
associated them with when they are doing problem solving through scientific procedures.
To meet these goals, students should be fully supported and encouraged to show their
enthusiasm and curiosity in any area of science. Not only will this help motivate students to
learn science, but it will also create a learning atmosphere for them to be passionate about
engaging in scientific processes, including gathering information, analyzing it and then
logically defining the results. Additionally, students must be able to clearly communicate

their information, procedure and finding to their peers and the public. Hence, teachers are



responsible for providing learning environments to support student interest and
understanding (IPST. 2004).

One of the most important factors for student's achievement is teachers
(Wootipreecha; & Bunyanun. 2004:6; NRC. 2001: 44; NRC.2005: ES-5, 5-1). According to
the research, teacher can make a difference as to whether or not students can achieve their
academic success. (Eide; Eric; Goldhaber; & Brewer. 2004; NRC. 2001: 44; NRC .2005: ES-
5) There is quite a consensus in many studies (NCTAF. 1996; Educational trust.1988; citing
NRC. 2001: 44; Sander; & Rivers. 1996) that well qualified teachers and high-quality
teaching contribute to the academic achievement of students and enable to break through
barriers of economic status. These claims are consistent with the finding in the First National
Science Education Seminar (NSES) in Thailand, which reports the result of the studying of
biology curricular in Thai universities. Questionnaires were distributed to ten well-known Thai
universities. The study confirms that the most significant element influencing the students’
scientific learning process is the teacher over content, curriculum, and even the students
themselves. (Panichapan. 1998: 69)

Because of the key role teacher play and the importance of science in society,
science teachers must understand how student learn and how to motivate them. (Darling-
Hammond; & Baratz-Snoden. 2005: 5; NRC. 2005: 1). Unfortunately, many studies have
reported about preservice teachers’ perceptions and limitations of laboratory experiences
from teacher preparation programs. For instance, undergraduate science courses (even for
science major) offer 1) only covers minor areas of science content and laboratory, 2)
didactic oriented teaching style, 3) uninspiring and uninteresting teaching method, 4) no
active engagement and little student-centered learning, 5) lack of relevance of the
classroom science teaching to real-world students contexts, and 6) focusing more on
procedural knowledge but few in walking through science investigation (Hilosky; Sutman; &
Schmuckler. 1998; NRC. 2005: 147-148; Panichapan. 1998:29). These findings show the
possibility of future teaching styles of preservice teachers. Provided that these preservice
teachers have limited experiences and they tend to teach in the way that they were taught

before. (Brown; & Borko. 1992; Weld; &Funk. 2005), it is difficult to expect our preservice



teachers to provide students with effective scientific laboratory activities if they do not have
sufficient knowledge and skills needed (NRC. 2000: 87).

Teachers can be qualified and have high-quality teaching if they are well trained by
teacher education program (NRC. 2000: 87). The critical importance of well-prepared
teachers has been recognized by the National Research Council (2001). As shown in
Haselkorn and Harris, roughly nine out of ten Americans believe that the best way to
increment students’ achievement is to have a qualified teacher in every classroom.
Furthermore, this study supported the idea that merely general a good education is not
sufficient for prospective teachers, they should be trained by particular trainings. (NRC.
2000. 101; Haselkorn; & Harris. 1998; citing NRC. 2001: 44).

There is still no connection between content knowledge and pedagogical
knowledge in the area of science. Preservice teachers are double major in science and
education. According to the national research council, schools in the US have faced
difficulties in their education due to a lack of qualified science teachers. It is concluded that
science education dilemma results from poor quality of preservice teachers. They further
emphasize the need to revise undergraduate curriculum (NRC. 2005: 5-1).

ONEC has raised issues regarding teaching and learning science problems in
secondary school into four areas, 1) competency of science teachers, 2) science laboratory
classroom and science equipment, 3) science instructional media, and 4) teaching and
learning science (Ministry of education; citing ONEC. 2009: online). Lacks of high
competency science teacher occur for several reasons, for example, many science
teachers are not qualified, imbalance exists science teachers and students per, and
science teachers lack scientific understanding and skills to apply in science classes
(ONEC. 2009: online). Therefore, the current preservice education and inservice training
should be revised. (NRC. 2000: 11; NRC. 2005: 5-1).

According to the first NSES (1998), the study of curricular in biology from ten
major universities in Thailand revealed that the physiology laboratory course is the second-
highest-ranked subject that affects students’ scientific learning process (Panichapan. 1998:
28). Laboratory experiences can help students reach seven science learning goals: 1)

mastering of subject matter, 2) developing scientific reasoning, 3) understanding the



complexity and ambiguity of empirical work, 4) developing practical skills, 5) understanding
the nature of science, 6) cultivating interest in science and maintaining interest in learning
science and, 7) developing teamwork skills (NRC. 2005: ES-3). Thus, laboratory work in
physiology, which enables students to practice these skills, is one of the appropriate
selections for the development of a program to improve preservice teachers’ knowledge,
attitudes and skills for concerning effective laboratory teaching.

Preservice teachers as a novice teacher do not have much experience in teaching
and may not have clear learning and teaching goals in mind. To help students accomplish
those goals, the balancing between specific content and pedagogy should be concerned
with research on teaching (Gess-Newsome. 1999: 3). For this reason, pedagogical content
knowledge (PCK), which described by Shulman as “the most useful forms of content
representation..., the most powerful analogies, illustrations, examples, explanations, and
demonstrations—in a word, the ways of representing and formulating the subject that makes
it comprehensible for others” is applied as crucial distributions in knowledge based for
teaching (Shulman. 1986b; citing Gess-Newsome. 1999: 4). Teachers and curriculum
developers should identify PCK to help students reach science learning goals and design
from essential guidelines derived from PCK. Van Driel et al. stated that successful teachers
are likely to have ability to develop PCK for teaching. Conversely, novice teachers may have
a difficulty to develop PCK for a specific content area. (Van Driel; et al. 1998: 677; citing
Loughran; Berry; & Mulhall. 2006: 19) To teach lab work well, teachers also require PCK
(Shulman. 1986; citing NRC. 2005: 5-4) that is rather different from a scientist (Deng. 2001;
citing NRC. 2005: 5-4).

PCK is generally developed when teachers increase their experiences in teaching;
however, the link between teachers’ knowledge and their practices is often tacit knowledge
(Mulhall; Berry; & Loughran. 2006) therefore, developing the methodology for documenting
and disseminating PCK for professional practice. Content-specific teaching procedures,
teaching discussions, classroom observation and other traditional approaches are designed
to capture PCK in science from experienced teachers (Mulhall; Berry; & Loughran. 2006: 19-
21). The results of their study showed the teachers’ expertise knowledge of teaching

through theory of PCK in the content areas of Biology, Chemistry, Physics and Earth



science, with the exception of science laboratory teaching. The represent of teacher
knowledge presented in the PCK format may enable preservice and inservice science
teacher education (Mulhall; Berry; & Loughran. 2003: 1). Because of this reason, in phase |
of this study, the researcher is going to capture and document the PCK in the areas of
Biology laboratory teaching from experienced instructor teams in an undergraduate
program by using a case study approach (see for more detail in chapter 3). Undergraduate
Biology Lab Program (UBLP) is a pseudonym of the program at a large public university in
the Midwest of the United States. Pseudonym is used under the suggestion of Institutional
Review Board (IRB) to protect participants’ right in of this study.

To design a curricular or lesson plans, teachers have several options to decide
what teaching principles suit them most. Understanding by design (UbD) or also known as
backward design is one of the ideal structure, suggested by Wiggins and McTighe (1998)
(Handelsman; et. al. 2007: 14). UbD is a three steps instructional design that firstly focuses
on ultimate outcomes. The learning outcomes, designed based on UbD, are not only
concerning what students need to be able to do or to be in a class, but also what they
should retain for the next ten years or even more after they graduated. Secondly, to assure
that students can accomplish those learning outcomes, teachers will find the evidence and
identify the appropriate assessment tools for the second stage. Finally, teachers will plan
learning for lab experiences and activities to facilitate students learning (Wiggin; & McTighe.
2005: 14, 18). Three stages of backward design will be applied in this study. The results
from phase |, Identifying PCK from the case study of experienced instructor team in
Undergraduate Biology Lab Teaching (UBLP) will be employed to identify desired learning
goals in stage 1 of the UbD.

Consequently, an Inquiry-Based Teaching program (IBT) for improving knowledge,
attitudes and skills needed for effective lab teaching of preservice teachers should be
designed via pedagogical content knowledge (PCK) theory and Understanding by Design
(UbD) principles.

This study concentrates on biology preservice teachers. They will be trained for IBT

and given opportunities to experience inquiry learning and teaching.



Objectives of the Study
The purposes of the study are summarized as follows:

1. To identify and contribute pedagogical content knowledge (PCK) to Inquiry-
Based Teaching from the case study of an experienced instructional team.

2. To design an Inquiry-Based Teaching professional development program via
the identified PCK findings.

3. To evaluate the effects of an Inquiry-Based Teaching professional
development program on preservice teachers’ knowledge, attitudes and

skills concerning Inquiry-Based Teaching.

Significance of the Study

In this study, the proposed Inquiry-Based Teaching program (IBT) via pedagogical
content knowledge and understanding by design will be developed as a professional
development for biology preservice teachers. This program will focus on the knowledge and
skills need for biology preservice teachers to lead and teach effective laboratory classes for
secondary school students. Being well prepared, preservice teachers will therefore develop
positive attitudes to teaching, and will be inspired to be good and efficient teachers. In
addition, an IBT program via PCK and UbD can be applied as a guideline to design lab-

based curricula for preservice teacher in other science domains or science content.

Research question
How does an Inquiry-Based Teaching program via PCK and UbD affect biology

preservice teachers’ knowledge, attitudes, and skills concerning effective lab teaching?



Scope of the Study
Population of the study

The population of this study is senior year of education (science-biology) students
at a university in a central of Thailand. (A target population approximately is 21)

Participants of the study

The participants of this study are volunteers from senior year of education (science)
students at university in a central of Thailand. (In total of 11 students)

Duration of Conducting Research

An IBT program will be implemented twice a week (In total of 45 hours).

The Content used

The content is purposely selected the theme involves human body as follows:
- Cardiovascular system
- Neural networks

- Excretion: Kidney function



Variables of the study

1. Independent variable
An IBT program via PCK and UbD

2. Dependent variables
2.1 Preservice teachers’ knowledge for Inquiry-Based Teaching
2.2 Preservice teachers’ skills for Inquiry-Based Teaching

2.3 Preservice teachers’ attitudes towards Inquiry-Based Teaching

Definition of terms

1. An Inquiry-Based Teaching program via PCK and UbD (IBT)

An Inquiry-Based Teaching program via PCK and UbD (IBT) is a professional
development program developed via pedagogical content knowledge theory and
understanding by design principle. It provides key components, derived from PCK of
experienced instructor teams at a large public university in the midwest of United States, for
fostering biology lab teaching classroom. In addition, it also introduces integrated
techniques to teach inquiry lab-based activities for secondary school students. The IBT aims
to help develop preservice teachers from learners to teachers. The educational strategies
based on PCK are integrated into biology inquiry lab. The content used in the IBT is human
body and the instructional materials include lab manual, writing manual, and teacher
handbook.

2. Pedagogical Content Knowledge (PCK)

Pedagogical content knowledge (PCK) is a specific strategy integrated into
specific content (inquiry lab-based) which was derived from an experienced instructor team
in undergraduate biology lab program (UBLP) at a large public university in the midwest of
United States. The PCK in this study is a result from phase 1: a qualitative exploration of the
case study for identifying PCK for biology lab teaching. The findings from phase 1 are the
essential key components which will be grouped into categories and represented by a

diagram.



3. Understanding by Design (UbD)
Understanding by design (UbD) is a backward design which includes three steps
of an instructional design.
3.1 Identify desired results (learning goals).
3.2 Find evidence for learning (learning outcomes and assessment).
3.3 Plan for learning experiences and instruction (activities)
4. Science Inquiry Lab
Science inquiry lab is a mean to learn set of skills for doing science as a process
(NAP. 2000). Classroom science inquiry includes five essential features which are: (SCALE.
2007; NRC. 2000)
4.1 A learner engages in scientifically oriented questions.
4.2 A learner gives priority to evidence in responding to questions.
4.3 A learner formulates explanations from evidence.
4.4 A learner connects explanations to scientific knowledge.
4.5 A learner communicates and justifies explanations.
5. Knowledge for inquiry-based teaching
Knowledge for inquiry-based teaching refers to the knowledge that teachers
need to know and be able to do to lead classroom science inquiry. Knowledge for inquiry-
based teaching is classified to five schemes which are:
Scheme for aspect A: Intended learning outcome
Scheme for aspect B: The cognitive structure of the task
Scheme for aspect C: Level and nature of student involvement
Scheme for aspect D: The practical context
Scheme for aspect E: Pedagogical content knowledge
This set of knowledge can be assessed by applying them in lesson plan and their
microteaching.
6. Skills for inquiry-based teaching
Skills for inquiry-based teaching refer to the process of teaching science lab.
Teachers should be able to choose the appropriate activities for specific objects and also
use proper equipment for teaching in classroom science inquiry. These skills can be

assessed by applying them to lesson plan and their microteaching performance.
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7. Attitudes towards biology lab teaching
Attitudes towards biology lab teaching refer to how biology preservice teachers
believe and value in teaching biology lab. Attitude shows person’s positive or negative
response and also likes or dislikes in teaching biology lab.
8. Preservice teacher
Preservice teacher refers to undergraduate students who are majoring in the

education (science-biology) at a university in central of Thailand in their senior year.



11

Conceptual framework of the study

The conceptual framework for this study is a theoretical integration of pedagogical
content knowledge, inquiry-based approach and understanding by design. In Figure1, the
development of an Inquiry-Based Teaching program via PCK and UbD for biology
preservice teachers.

Figure 1 illustrates the theoretical framework of the study and relationship between

an IBT program and knowledge, attitudes and skills for Inquiry-Based Teaching.

Independent Variables Dependent Variable

Preservice teachers'...

1) Knowledge of inquiry-based teaching

An Inquiry-Based Teaching PD program 2) Skills for inquiry-based teaching

v

ia PCK D
via PCK and Ub 3) Attitudes towards inquiry-based teaching

Figure 1 Conceptual framework of the study



12

Framework of the study

The framework for this study evolved as a consequence of the literature review in
the field of pedagogical content knowledge, inquiry-based approach and understanding by
design. In Figure 2-1 and 2-2 shows the framework of the study. It is hypothesized that an
IBT will enable biology preservice teachers to improve their Inquiry-Based Teaching in terms

of knowledge, attitudes and skills.

This study is conducted in 3 stages as followings:
Stage 1 Identifying and contributing pedagogical content knowledge (PCK) to
Inquiry-Based Teaching
Stage 2 Designing an IBT professional development program
Stage 3 Evaluating the use of IBT Program from preservice teachers’

knowledge, attitudes and skills concerning inquiry lab-based teaching.



1. Identifying and
contributing PCK

Y

2. Designing an IBT

program

A4

3. Evaluating the use

of the IBT Program

1.1 Reviewing literature

1.2 Designing and planning for
qualitative phase study

(identifying PCK)

2.1 Developing a draft IBT

program

2.2 Verifying the quality of IBT

program by experts

2.3 Revising the IBT program

2.4 Piloting the IBT Program

3.1Implementing the IBT
program with 11 preservice

teachers (senior year)

3.2 Evaluating participants’
reactions - Using questionnaires
to assess attitude towards
inquiry-based teaching and

Satisfaction towards IBT program

3.3 Evaluating participants’
learning

- Using PolL and IOP

Figure 2-1 Framework of the study
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Qualitative Phase
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Quantitative Phase

Qualitative data Qualitative Qualitative Develop Qualitative Quanti+qualitative Overall results &
collection data analysis findings instrument data collection analysis interpretation
Procedures: Procedures: Procedures: Procedures: Procedures: Procedures: Procedures:

-Describe theme

-Consider theme

- Pre and Post

-Hypothesis testing

-Evidence for

- Classroom observation - Coding

- Meeting observation by using -Set learning goals - microteaching constructs summary
- Opened-closed interview Nvivo8 -ldentify acceptable - attitude survey
- Curriculum analysis - Thematic evidence and
Development assessment tools

Duration: 2 semesters Duration: 13 days
Products: Products: Products: Products: Products: Products: Products:
-Field notes - Coded text - Description of - IBT Program - Numerical item - Pretest-posttest - Description
-Audio recording - Theme theme & framework - Narrative data (t-test for dependent of the use

& framework samples) IBT

Program

Figure 2-2 Framework of research methodology

Source: This figure is modified from visual diagram of the procedures used to measure exploratory qualitative results with quantitative data

(Creswell; & Plano Clark. 2007:53)
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Research Hypothesis
The hypothesis of this study is as follow:

An IBT program via PCK and UbD will enable preservice teachers to improve their

inquiry lab-based teaching in terms of knowledge, attitudes and skills effectively.
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CHAPTER 2

REVIEW OF THE LITERATURE

In this study the researcher aims to develop a professional development program
using concerning Inquiry-Based Teaching for preservice teachers. This chapter is a review

of literature addressing various aspects of general theory of IBT.

—_

. Development of teacher and education personnel in Thailand

. Science education in Thailand

. Preservice teacher education curriculum (5 years program)

. High school lab report

. Teacher knowledge required for a range of laboratory experiences
. Understanding by Design (UbD)

. Classroom science inquiry

. Designing and evaluating professional development program

© 0O N oo o »~ W N

. Research related to this study

1. Teacher development and education personnel in Thailand

Education in Thailand has shifted from teacher-centered to learner-centered
approach since the national education act B.E. 2542 (1999) was launched. As a result of the
new approach, the education council pays a greater attention to upgrade the status and
quality of teachers, provided that teachers play an important role in the development of
teaching and learning process. With the vision that aims to support teachers to be
professional in organizing teaching and learning activities based on curriculum standards,
Thai teachers are generally encouraged to participate in the following training courses and
training activities specially designed for teachers: (ONEC. 2006:108-110)

1.1 Development of the 5-year Preservice Education Program Training for

English teachers

1.2 Training for English teachers
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1.3 Training activities to strengthen professional standards of teachers and
education personnel

1.4 Completion of the Bachelor’'s Degree in Education for inservice teachers

1.5 Inservice programs for a Post-graduate Certificate and Master’s Degree in
Teaching

1.6 Inservice Post-graduate Certificate Programs for Administrator

1.7 Inservice Master's Degree Study for Administrators

Summary

This study only concentrates on following the 7 activities listed above, the training
activity that relates to this study is the Development of the 5-year Preservice Education
Program. There are two alternative systems to complete this program. The first option
requires a completion of 5-year bachelor’'s degree, in which teachers have to spend the first
4 years completing the coursework in college or university and the last year as a student
teacher at an approved school. Another option is to complete a 1-year graduate certificate
program in education (ONEC. 2006:108). However, this is only applied for college
graduates who previously obtained a bachelor's degree in any fields other than education.
Specifically in this study, preservice teachers participating in the program are those who

complete the 5-year bachelor’'s degree.

2. Science education in Thailand

2.1 National Science Curriculum Standards

National Science Curriculum Standards in Thailand is authorized by The

Institute for the Promotion of Teaching Science and Technology (IPST) under the Ministry of
Education, which is an organization responsible for implementing the subject matters of
science, mathematics, and technology. In compliance with the National Education Act of
B.E. 2545, IPST provides the conceptual framework which implicitly suggests 7 categories
for education development in order to prepare learners for the knowledge-based society:
(IPST. 2009: Online). The summary of the conceptual framework for learning of science is

introduced below.
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2.1.1 Integration. For teaching and learning science, teachers should be
able to integrate contents, principal concepts, and process which are important to students’
life both at the local and national levels.

2.1.2 Facilitators. For teaching and learning science, teachers should be
able to facilitate the development of students’ aptitude based on their interests to support
their future profession in science.

2.1.3 Science as process. Teachers should focus on scientific skills in
thinking process, learning ability, inquiry process, problems solving, searching, and
developing new knowledge.

2.1.4 Local wisdom knowledge. Teachers should be able to apply local
wisdom knowledge as a significant source of learning.

2.1.5 Diverse population of learners. Teachers should be able to utilize
variety of strategies to address diverse needs, interests, and learning styles

2.1.6 Lifelong learning. Science learning should be a lifelong process

2.1.7 Attitude towards science. Teachers should be able to promote and
enhance students’ attitude, morality, and ethics.

2.2 Quality of science teaching and learning in basic education
Apart from the conceptual framework mention above, IPST also suggested the
learning outcome which should be expected from science teaching and learning in basic
education as follows.

2.2.1 Learner should understand the basic principles and theories of
science

2.2.2 Learner should understand the scope, limitation and nature of science

2.2.3 Learner should utilize the skills to discover and create the knowledge
in science and technology

2.2.4 Learner should develop and master thinking process skills, creativity,
problems solving skills and managing data, communication skills and ability of making
decision.

2.2.5 Learner should be aware of interrelation among science, technology,

human and environment that can have an impact on one another.
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2.2.6 Learner should apply knowledge and understanding of science and
technology to daily life and society.
2.2.7 Learner should realize the importance of using science and
technology properly with scientific mind, morality and ethics.
2.3 Subject group in science learning
The Basic Education Curriculum B.E.2544 (A.D.2001) states that science is one
of the major subjects that have a significant impact on life and society (Ministry of education.
2002 citing Palachot. 2008: 13). The science curriculum standard indicates 8 principle sub-
strands for learners in basic education including;
Sub-strand 1: Living Things and Living Processes
Sub-strand 2: Life and Environment
Sub-strand 3: Matters and Properties
Sub-strand 4: Forces and Motion
Sub-strand 5: Energy
Sub-strand 6: Processes that Shape the Earth
Sub-strand 7: Astronomy and Space
Sub-strand 8: Nature of Science and Technology
This study focuses on sub-strand 1 (Living Things and Living Processes) which

can be divided into two standards as follows.

Standard Sc 1.1 : Students should be able to understand the fundamental unit of living
things and the relationship between structure and function of various systems that work
together, carry out investigative processes, communicate what is learned and apply the

knowledge for one’s own existence and care for other living things.

Standard Sc 1.2: Students 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, have scientific mind,

communicate what is learned and apply the knowledge gained.
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Summary

In this section, the national science curriculum standards (the Basic Education
Curriculum B.E.2544), are reviewed. It is concluded that science education in Thailand is
primarily focused on 3 major facets which are scientific knowledge, attitude toward science,
and scientific skills. Firstly, scientific knowledge for science education is not only related to
science content, but also encompasses science in the world around learners and local
wisdom knowledge. Moreover, teachers should be a facilitator to promote this knowledge by
tailoring various techniques to support diverse learners. Secondly, attitude toward science
for science education helps learners develop their positive mind, morality, and ethics
towards science and society. Finally, scientific skills aim to promote learning as a lifelong
process for students to have abilities and skills in thinking process, learning ability, inquiry
process, problems solving, searching, and developing new knowledge. In practice, sub-
strand 1 (Living Things and Living Processes) is applied as a specific standard for

developing lesson plans and leaning unit.

3. Preservice teacher education in teaching profession curriculum (5 years
program)

This section is a review of the curriculum structure for preservice teacher education
in the 5-year program. Professional teaching coursework of the program can be divided into
the following 5 strands, which preservice teachers have to complete in the first four years:

(Handbook of professional teaching curriculum. 2008)

3.1 Strands for professional teaching curriculum
3.1.1 Strand 1: Educational Paradigm (3 credits). This course is an obligatory
course for preservice teachers to complete. They are as follows:
3.1.2 Strand 2: Learning Process (at least 18 credits). This strand consists of 8
courses for preservice teachers including;
- Integrated Strategies for Creating Learning Process
- Public Concerning-Based Learning

- Psychology for teachers
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- Education for special need students
- Research for learning and teaching development
- Educational admission and management
- Guidance for self-esteem
- Information and technology for interactive learning
3.1.3 Strand 3: Educational management in school (at least nine credits). There
are four courses are offered for preservice teachers to complete which are;
- Strategies for knowledge management
- Learning assessment
- Empowerment evaluation
3.1.4 Strand 4: Morals and ethics for teachers (6 credits). There are two courses
offered for preservice teachers to complete.
- Social consciousness and ethics
- Negotiating consumer culture
3.1.5 Strand 5: Elective courses for professional teaching (at least 5 credits).
This strand comprises of five courses. They are required to take at least five credits from this
strand.
- Thai language for learning development
- English language for learning development
- Information and communication technology for education
- Research for educational development
- Quality assurance in education
After completing these five strands in the first four years, in order to obtain 12
credits during the year five, preservice teachers have to practice teaching education

courses in the approved school.

3.2 Standard for professional teaching for preservice teachers (5 years program)
Authorized by the faculty of education, professional teaching coursework is
designed based on the standard from the educational councils concerning knowledge and
capabilities of teachers and administrators released on February 8th, 2006. The standard

can be divided into 2 schemes and each scheme has sub-divided standards as follows
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3.2.1 Development of skills for teaching

- Student teachers should be able to integrate all strategies and knowledge
and employ them in school. They should also be able to write up lesson plans after finishing
their coursework.

- Student teachers should be able to evaluate students’ learning through a
variety of techniques, for example, by observing, interviewing, collecting and presenting
data in various aspects.

- Student teachers should involve in school activities for school-based
curriculum development.

- Student teachers should be able to create lesson plans together with other
teachers in school.

- Student teachers should be able to take part in school activities.

- Student teachers should be able to conduct academic projects.

- Development of competence in teaching

- Student teachers should be able to learn and identify students’ different
learners.

- Student teachers should be able to create a lesson plan.

- Student teachers should be able to complete internship by designing
lesson plans, teaching in a real classroom, evaluating and revising their teaching.

- Student teachers should be able to conduct academic projects

Summary

After reviewing the curriculum, it was found that there is a few of integrated
courses for specific subject area, especially for teaching science laboratory. As stated by
National Research Council or NRC (2000), those professional development programs need
to explicitly prepare teachers in both learning and teaching through science inquiry
laboratory (NRC. 2000:87). Therefore, this study is designed for bridge the gap between

learning science and learning how to teach science.
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4. High school lab report

The United States of America is a country that have offered science laboratory
classroom in high schools since the late 19th century. In 2006, the committee on High
School Science Laboratories of NRC released America’s lab report: Investigation in high
school science. Since they have historically experienced both accomplishment and difficulty
in conducting science lab in high school, the researcher has therefore reviewed this report
in order to find what strength and weaknesses to consider and apply in this study.

4.1 Current high school laboratory difficulties found in the US (NRC. 2006: ES-5).

4.1.1 Unclear learning goal. The typical laboratory experience for science
students in the US high schools places and emphasis on procedures which are normally
occur in the later stage. Focusing on them too early may lead students to confusion
regarding what they are expected to learn. It will ultimately cause a lack of integration of
science process and science content.

4.1.2 Lack of interaction between students & teachers. The typical laboratory
experience rarely provides ongoing reflection and discussion in the class.

4.1.3 Lack of co-operation from most high schools. Most high school students
are engaged in a limited range of laboratory activities which does not help them in terms of
valuing science process.

4.1.4 Lack of participation among students in the lab and cultivating interest in
science.

4.1.5 Lack of preparation and support for teachers.

4.1.6 Insufficient facilities and equipments.

As a result of those factors above, NRC called for appropriate responses
regarding laboratory teaching and learning by proposing five issues to teachers,
researchers, scientists, and curriculum developers. The five issues are stated as the

agendas for developing effective laboratory teaching experience (NRC. 2006: ES-8).



4.2 The five agendas for developing effective laboratory teaching experience
(NRC. 2006: ES-8)

4.2.1 Assessment of student learning in laboratory experience. What are the
specific learning outcomes of laboratory experiences and what are the best methods for
measuring these outcomes, both in the classroom and in large-scale assessments?

4.2.2 Effective teaching and learning in laboratory experience

- What are the most effective forms of laboratory experience for achieving
the desired learning outcomes of laboratory experiences?

- What kinds of curriculum can support teachers and students in progress
towards these learning outcomes?

4.2.3 Diverse populations of learners. What are the teaching and learning
processes by which laboratory experience contribute to particular learning outcomes for
diverse learners and different populations of students?

4.2.4 School organization for effective laboratory teaching

- How can organizational arrangements support high quality laboratory
experience the most efficiently and effectively?

- What are the most effective ways to bring those organizational
arrangements to scale?

4.2.5 Continuing learning about laboratory experiences

- How can teachers and administrators learn to design and implement

24

effective instructional sequences that integrate laboratory experiences for diverse students?

What types of professional development are the most effective ways to help administrators
and teachers achieve this goal?
- How should laboratory professional development be sequenced within a

teacher’s career (from preservice to experience teachers)?
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Summary

The two questions are the main rationale why this study is conducted from the
second agenda 4.2.2 - Effective teaching and learning in laboratory experiences - intrigue
the idea of inquiring for answers in this study. Therefore, these two questions (What forms of
laboratory experiences are most effective for advancing the desired learning outcomes of
laboratory experiences? and what kinds of curriculum can support teachers in students in
progress towards these learning outcomes?) are applied in the phase | of this study and the
results are utilized to frame the development of Inquiry-Based Teaching professional

development program for biology preservice teachers.

5. Teacher knowledge required for a range of laboratory experience

To succeed in a variety of activities in science laboratory, teachers are supposed to
have several types of knowledge and skills. However, one factor that influences teachers to
lead to effective teaching strategies for science laboratory teaching is curriculum (NRC.
2005: 5-2 citing Weiss; Pasley; Smith; Banilower; & Heck. 2003). In this section, theoretical
backgrounds on various types of knowledge are covered (NRC. 2005: 5-2).

5.1 Science Content Knowledge (SCK)

To help learners accomplish their learning experiences in laboratory, teachers
require both broad and deep comprehension of processes and outcomes of scientific
research. Even though teachers in science laboratory have to shift their attention from “chalk
and talk” to the focus on science equipments, procedures, skills and also lead students to
have more freedom to pose a research question and design methodology to figure out
students’ question, teachers still need a deep level of science content knowledge. In this
type of knowledge, both science content knowledge and scientific process are equally
important to create a greater guidance and more sophisticated scientific reasoning for

effective lab learning and teaching experience (NRC. 2005: 5-3).
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5.2 General Pedagogical Knowledge (GPK)

To provide a high quality of laboratory learning experiences, teachers not only
require SCK, but also need knowledge for facilitating students’ learning through discussion
and reflect ongoing learning activities, known as general pedagogical knowledge (GPK)
(NRC. 2005: 5-4,5-6).

As a matter of fact, people in different ages and different backgrounds have
diversity in terms of ability and style of learning. This should also be applied for children.
That is teachers should realize how children’s mental and emotional development affect the
way how children learn and communicate effectively with other children in different levels.
Such knowledge is important for teachers in allowing students to know the meaning of what
they are doing in laboratory (NRC. 2005: 5-6)

Gess-Newsome and Lederman (1999) proposed the factors that can influence

teachers’ general PCK in Figure 3 below.

Instructional

Modcls and
Strategies

Classroom Classroom
Management and Communication
Organization and Discourse

Knowledge

!

\ General /
Pedagogical

: Context-
Reflection ,_’ Spccil;c
Pedagogical
Knowledge
Personal
Personal / Pedagogical Pcrso_nal
Beliefs/ Knowledge Practical
Perceptions Experience

Figure 3 Facet of pedagogical knowledge

Source: Gess-Newsome; & Lederman. (1999). Examining pedagogical content

knowledge. p. 21 -50.
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Figure 3 is derived from the current research which intends to describe the
relationship of three main areas that influence GPK. They are (1) classroom organization and
management, (2) instructional models and strategies, and (3) classroom communication
and discourse. These three factors ultimately result in educational goals and learner context.
Moreover, teachers’ beliefs and personal practical experience can consequently affect GPK
and it can be revealed by the process of reflection (Newsome; & Lederman. 1999: 23).

5.3 Pedagogical Content Knowledge (PCK)
Pedagogical Content Knowledge (PCK) is a combination of the knowledge
concentrating on specific subject matter and the knowledge focusing on teaching
methodology. In fact, teachers require such knowledge for effective science laboratory

experience as Shulman (1986) first defined PCK as follows (Shulman. 1986).

[A] special amalgam of content and pedagogy that is uniquely the province of teachers,
their own form of professional understanding.... [I]t represents the blending of content and
pedagogy into an understanding of how particular topics, problems, or issues are organized,
represented and adapted to the diverse interests and abilities of learners, and presented for

instruction.

Teachers who apply PCK for identifying science learning goals are able to design
laboratory experience with the clear learning goals in mind and able to help students attain
science learning outcomes. Teachers can increase their PCK from several strategies such
as personal teaching practices, studying research on PCK, and observing experience

teachers (Loughran. 2006).

The concept of PCK was summarized by Morine-Dershimer and Kent in Newsome
and Lederman (2001). The following figure shows the category of knowledge that influences

PCK of teachers (Gess-Newsome; & Lederman. 2001: 21).
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Assessment
Procedures,
Evaluation of Qutcomes

Curriculum
Knowledge

Pedagogical
Knowledge

Educational Ends,
Goals, Purposes,

and Valucs

Knowledge Content

of Learners \ Pedagogical / Knowledge
and Lcarning Content
Knowledge

?

Knowledge
of
Specific
Contexts

*

Knowledge of
General Educational
Contexts

Figure 4 Categories contributing to pedagogical content knowledge

Source: Gess-Newsome; & Lederman. (1999). Examining pedagogical content

knowledge. p. 21 -50.

Figure 4 Gess-Newsome and Lederman (1999) refers to into three important ideas as
follows.

- Educational ends and purposes are interconnected to evaluate knowledge
and assessment procedures.

- Curriculum knowledge has to involve in both content knowledge and
knowledge of goals and assessment, while pedagogical knowledge is related to knowledge
of learner/learning and knowledge of goals and assessment.

- The knowledge of specific contexts is the only facet that was classified to sub-
category. However, other categories can also be explained in specific way (i.e., knowledge

of specific content, specific curriculum, and specific goals/assessment procedure.
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Summary

1. Curriculum knowledge is a type of knowledge that derived from the content
knowledge and knowledge of goal and assessment.

2. Pedagogical knowledge is a type of knowledge that derived from knowledge of
learners and learning and knowledge of goal and assessment

3. Pedagogical content knowledge is a type of knowledge that derived from
curriculum knowledge and pedagogical knowledge

Several types of knowledge that influence PCK of teacher can be summarized in

the Table 1 below;

Table 1 Summary of types of knowledge influenced teachers’ PCK

Types of Knowledge Content Knowledge Knowledge of | Knowledge
Knowledge of Goals and Learners and of Specific
Assessment Learning Contexts
Curriculum Knowledge \/ \/
Pedagogical Knowledge \/ \/
PoK v v v v

From Table 1, it can be explained that teachers who have PCK are able to focus on
all types of knowledge because they are all interconnected. To develop curriculum in the
large scale or design a classroom lesson plan, the teachers must have both content
knowledge and knowledge of goals and assessment in order to create an effective
curriculum. Furthermore, teacher needs to understand the knowledge of learners and
learning in order to complete the pedagogical knowledge (i.e. children development, how

children learn).

However, knowledge of specific context is the only facet that does not connect to

other knowledge. Given that different places and times may contribute to variations in terms
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of teachers’ PCK. The knowledge of specific contexts may not be necessarily transferred
from one place to another. Therefore, in this study researcher has to identify whether the
American and Thai contexts differ since PCK in the first phase was originally derived in
American context.
5.4 Knowledge of assessment
To design an effective laboratory experience, teachers need to understand the
knowledge of assessment in order that they can evaluate and help their students
accomplish their learning goals (NRC.2005: 5-5). In the traditional laboratory classroom, for
example, evaluation of students’ performance is only from written reports and a practical
exam at the end of the semester (Myka; & Raubenheimer. 2005). However, the knowledge of
assessment for laboratory classroom suggested by NRC (2005) should rather be a formative
assessment (NRC. 2005: 5-5).
5.4.1 Formative assessment
Formative assessment is an approach that helps teachers to directly

response to diverse needs and diverse capabilities of students. Formative assessment
enables teachers perform an ongoing observation on the progression of students during the
laboratory experience, rather than do it at the end of the unit. Teachers need to be able to
focus on students’ learning in every step. However, this kind of assessment may not be
simple for every teacher. NRC (2001) therefore mentioned the overview of what teachers
require to perform in the process of assessment during the laboratory class as follows.
(NRC. 2001: 79)

To accurately gauge student understanding requires that teachers engage in questioning and

listen carefully to student responses. It means focusing the students’ own questions. It means

figuring out what students comprehend by listening to them during their discussions about

science. They need to carefully consider written work and what they observe while students

engage in projects and investigations. The teacher strives to fathom what the student is

saying and what is implied about the student’s knowledge in his or her statements, questions,

work and actions. Teachers need to listen in a way that goes well beyond an immediate right

or wrong judgment.
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5.4.2 Summative assessment

As mentioned by NRC (2005) and Myka and Raubenheimer (2005), the
traditional assessment in the laboratory class usually has at the end of the each lab, which is
called summative assessment (NRC. 2005: 5-5). Summative assessment normally intends
to evaluate the effectiveness of the instruction, curriculum, or program and can be applied
after completing the instructional activity. However, Anderson (2003) pointed out that a
summative assessment can also utilize as a formative assessment. For example, in event
that students fail to achieve some learning objectives, teachers can spend more time to help
students who have some difficulties in such objectives. (Anderson. 2003: 46; Garrison; &

Ehringhaus. 2004: Online ; citing Palachot. 2008:37)
Summary

To teach science laboratory effectively, teachers need to have various kinds of
knowledge and be able to integrate those knowledge together. By lacking any type of
knowledge, teachers may confront the difficulty for not being able to help students
accomplish their objectives. According to Shulman (1986), PCK is the perfect blend among
the content knowledge, knowledge of goals and assessment, knowledge of learners and
learning and knowledge of specific contexts. Therefore, PCK will be identified and applied

for professional development program designed for preservice teachers in this study.

6. Understanding by Design (UbD)

Understanding by design (UbD) is an idea that curriculum developers and teachers
use for designing curriculum, lesson plan or learning activities. This approach can help
curriculum developers or teachers focus initially on desired learning outcomes rather than
considering what to teach (Wiggins; & McTighe.2005: 14; Handelsman; Miller; & Pfund.
2007: 14). Teachers normally consider about what they will teach at the first stage. However,
this can dominate their thought to focus rather on themselves or their teaching than on
students’ learning outcome. Therefore, the backward design allows teachers to obtain
goals, which ultimately lead to activities corresponded to the goals. The backward design

can be done by following the three steps in Figure 5 (Wiggins; & McTighe.2005: 18).
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1 Identify
desired q
results
2. Determine
acceptable q
evidence

3. Plan

learning

experiences

Figure 5 UbD: Stages of backward design

Source: Wiggins; & McTighe. (2005). Understanding by Design. p. 18.

6.1 The three stages of backward design
6.1.1 Stage 1: Identify desired results

At this stage, teachers need to take the national or district standard into
account and curriculum expectations in order to provide the big idea(s) for specific content.
The following questions are some examples for teachers to consider (Wiggins; & McTighe.
2005: 17).

- “What should students know, understand, and be able to do?
- What content is worthy of understanding?
- What enduring understandings are desired? ”

The reason why teachers need to review the curriculum expectation and
content standard is that they do not have enough time to cover all the content. Therefore,
teachers need to prioritize what is the most essential idea that students should be able to
know and understand and retain in their lives. In this study, the researcher has reviewed the
standard education for preservice teacher education as shown in the section 3 above.

Wiggins and McTighe (2005) create the first stage of backward design template

for teachers shown in Figure 6:
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Stage1-Desired Results

Established Goals
® \What relevant goals (e.g., content standards, course or program objectives, learning

outcomes) will this design address?

Understandings: Essential Questions:

Students will understand that... ® \What provocative questions will foster
® What are the big ideas? inquiry, understanding, and transfer of
® \What specific understandings about them learning?

are desired?

® \What misunderstandings are predictable?

Students will know...

® \What key knowledge and skills will students acquire as a result of this unit?

® \What should they eventually be able to do as a result of such knowledge and skills?

Figure 6 Template with design for teachers (stage 1-desired results)
Source: Wiggins; & McTighe. (2005). Understanding by Design. p. 22.
6.1.2 Stage 2: Determine acceptable evidence
After setting the desired learning outcomes, teachers should consider how
they know when students can or cannot accomplish the goals. At this step, it can help
teachers think as an assessor before designing specific lessons. Hence, the following
questions are some of the examples that teachers should consider before continuing
beyond this step (Wiggins; & McTighe. 2005: 18).
- “How will we know if students have achieved the desired results?
- What will we accept as evidence of student understanding and
proficiency?”
Wiggins and McTighe (2005) suggested the second stage of backward

design template for teachers in Figure 7:
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Stage 2- Assessment Evidence

Performance Tasks: Other Evidence:
® Through what authentic performance ® Through what other evidence (e.g.,
tasks will students demonstrate the quizzes, tests, academic prompts,
desired understandings? observations, homework, and journals)

will students demonstrate achievement
® By what criteria will performances of of the desired results?
understanding be judged?
® How will students reflect upon and self-

assess their learning?

Figure 7 Templates with design for teachers (stage 2-assesment evidence)
Source: Wiggins; & McTighe. (2005). Understanding by Design. p. 22.
6.1.3 Stage 3: Plan learning experiences and instruction
At this stage, teachers have already identified desired learning outcomes
and indicated the evaluation tool. Then for the next step would be to think carefully about the
appropriate activities that can help student achieve the goals. There are a few questions to
consider at this point, as shown in the following examples (Wiggins; & McTighe. 2005: 18-
19).
1) What enabling knowledge (facts, concepts, principles) and skills
(processes, procedures, strategies) will students need in order to perform effectively and
achieve desired results?
2) What activities will equip students with the need knowledge and skills?
3) What will students need to be taught and coached and how should it
best be taught, in light of performance goals?
4) What materials and resources are best suited to accomplish these goals?
Wiggins and McTighe (2005) recommended the third stage of backward

design template for teachers in Figure 8



35

Stage 3- Learning plan

Learning Activities:

What learning experiences and instruction will enable students to achieve the desired results? How

will the design

W = Help the students know Where the unit is going and What is expected? Help the teacher know

Where the students are coming from (prior knowledge, interests)?

H = Hook all students and Hold their interest?

E = Equip students, help them Experience the key ideas and Explore the issues?

R = Provide opportunities to Rethink and Revise their understandings and work?

E = Allow students to Evaluate their work and its implications?

T = Be Tailored (personalized) to the different needs, interests, and abilities of learners?

O = Be Organized to maximize initial and sustained engagement as well as effective learning?

Figure 8 Template with design for teachers (stage 3-learnning plan)
Source: Wiggin;& McTighe. (2005). Understanding by Design. p. 22

Summary

The understanding by design is a recent idea recommended for curriculum

developers and teacher. The 3 stages of UbD planning are backward from the traditional

one, which means that the developer has to review the educational standard and prioritize

the subject matter and skills that need for learner in stead of planning or thinking of what

activity they should bring to teach. Subsequently, the developer needs to learn to think as

an assessor by looking for traces of learning. The performance and criteria for evaluate

learner’s leaning are decided at this step. Finally, the learning and teaching activities that

can be used to assist learner to achieve the expected learning will be determined. The 3

stages of UbD are applied in this study.
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7. Classroom science inquiry
7.1 Scientific inquiry

Scientific inquiry is a process that needs a variety of integrated skills to conduct
a science activity. The process of inquiry requires critical and logical thinking skills coming
up with for finding alternative explanations. The process of inquiry can be identified as the
major components in following activities (NRC. 2000:13; SCALE. 2007).

7.1.1 Making observations

7.1.2 Posing questions

7.1.3 Examining books and other sources of information to see what is already
know

7.1.4 Planning investigations

7.1.5 Reviewing what is already known in light of experimental evidence

7.1.6 Using tools to gather analyze and interpret data

7.1.7 Proposing answers

7.1.8 Explanations and predictions

7.1.9 Communicating the results
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7.2 Inquiry in science classroom

Science inquiry classroom can be presented in diverse settings. Teachers can
design science inquiry lesson from either the simple event (such as making observation and
defying from the commonsense) or a complex experiment for measuring series of
changeable factors (variables) (SCALE. 2007)

7.3 The five essential features of science inquiry

Inquiry and the National Science Education Standards: A Guide for Teaching
and Learning (2000) classified the essential features of science inquiry into five categories,
which can be used for describing the process of how scientists work. (NRC. 2000; citing
SCALE. 2000) The five essential features of classroom science inquiry are;

7.3.1 The learner engages in scientifically oriented questions

7.3.2 The learner gives priority to evidence in responding to questions

7.3.3 The learner formulates explanations from evidence

7.3.4 The learner connects explanations to scientific knowledge

7.3.5 The learner communicates and justifies explanations

Even though the process of science inquiry is normally presented in the
sequence of five essential features, the inquiry process is not necessarily a linear
progression and can be classified into 5 variations from less learner self-directed to more
learner self-directed (shown in Table 2). The science inquiry map, which was adapted from
the National Research Council (2000): Inquiry and the National Science Education
Standards by System-Wide Change for All Learners and Educators (SCALE), depicted the

non-linear process of inquiry (shown in Figure 9)
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Science inquiry map

Learnar angages in scientifically
oriented quesTions

LEdrnaT comMMUnicaTES dnd
Justibies aplandtions

‘l

Ledrndr givies Priovity 1o evfidénce
n Téspending To qutstions

Learner connicfs aplanations learner farsulates xpland fions
To scigntific k¥nowledge From bvidence

Figure 9 Science inquiry map

Source: SCALE. (2007). Inquiry and the National Science Education Standards. p. 1



Table 2: Essential features of classroom inquiry and their variations

Less

Direction from

More

Student Self-Direction

39

More

Less

FEATURE

1. Learner engages

A. Learner engages

B. Learner sharpens

C. Learner selects

D. Learner poses a

in scientifically in question provided or clarifies question among questions, question
oriented questions by teacher, materials, provided by teacher, poses new questions
or other source materials, or other
source
2. Learner gives A. Learner given data | B. Learner given data | C. Learner directed to | D. Learner

priority to evidence in
responding to

questions

and told how to

analyze

and asked to analyze

collect certain data

determines what
constitutes evidence

and collects it

3. Learner formulates

explanation from

A. Learner provided

with evidence

B. Learner given

possible ways to use

C. Learner guided in

process of formulating

D. Learner

formulates

evidence evidence to formulate | explanation from explanation after
explanation evidence summarizing
evidence
4. Learner connects A. Learner given all B. Learner given C. Learner directed D. Learner
explanations to connections possible connections toward areas and independently

scientific knowledge

sources of scientific

knowledge

examines other
resources and forms

links to explanations

5. Learner
communicates and

justifies explanations

A. Lerner given steps
and procedures for

communication

B. Learner provided
broad guidelines to
use to sharpen

communication

C. Learner coached
in development of

communication

D. Learner forms
reasonable and
logical argument to
communicate

explanations

Source: NRC. (2000). Inquiry and the National Science Standards. A Guide for

Teaching and learning. p. 24-25
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7.4 Preparing Teachers for Inquiry-Based Teaching

Some scholars used to state that “We teach what we were taught” (Brown; &
Borko. 1992; NRC.1996; citing Weld; &Funk. 2005). This statement provokes a thoughtful
suggestion. How do we expect our Thai teachers to implement science inquiry-based in
their classrooms? Most teachers weren’t taught by inquiry-based in science or they may not
have the understanding and skills needed for teaching science through inquiry approach
(NRC. 2000: 87).

To support students, teachers need to have experiences as learner and have
learning skills how to teach science using inquiry-based teaching. Therefore, the
professional developments in learning and teaching inquiry are called for (NRC.2000:
87,112). National Science Education Standards (2000) categorized the professional
development standards in the context of inquiry into four categories: (NRC. 2000: 87)

7.4.1 Standard A: Learning Science through Inquiry

Experienced teachers have diverse background and different level of

knowledge and skills in science, whilst student teachers only finish coursework in a
university and have little teaching experience. Experienced teachers may learn from what
they have done in their own class. They are also not assigned to teach in their expertise
area. Some teachers may not be qualified to teach subject matters in their comfort area. All
of those factors contribute to their different levels of science background; however, one
thing in common is that all of them may find challenges in learning science inquiry (NRC.
2000: 92). Therefore, providing teachers opportunities to learn science can help teachers
realize the several essential features of inquiry based teaching. The followings are the
questions which can be used for leading discussion for teacher as learner (NRC. 2000:
101).

- How can both science subject matter and inquiry outcomes be built into
learning experiences?

- How can a deeper understanding of scientific concepts promote
discussion and the formulation of productive questions?

- How can the essential features of classroom inquiry be woven into a

learning experience?
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- What it feels like to learn this way, complete with frustrations and
struggles?

- What roles and behaviors instructors can use to promote and support
learning?

7.4.2 Standard B: Learning to Teach Science through Inquiry
Standard A indicates that it is important to allow teacher to have experiences
in science inquiry. As necessary as learning science inquiry, teachers need to learn how to
teach this approach. Professional development program is a place for teachers to develop
their skills for teaching classroom science inquiry (NRC. 2000: 101).
7.4.3 Standard C: Becoming Lifelong “Inquirers”

The standard B states that professional development program can be done
for supporting teachers’ learning to teach science inquiry; however, the professional
development programs do not aim to organize only for inservice education. Professional
development can also be done through the preservice, induction, and inservice programs
so that both beginning and experienced teachers can become a lifelong inquirer as well
(NRC. 2000: 109). In addition, the effective professional development is not only the place
where the need to learn is stimulated, but it should also be the place for providing
knowledge concerning where to search for information and giving advice on new tools and
new strategies to keep their learning and teaching (NRC. 2000:109).

7.4.4 Standard D: Building Professional Development Programs for Inquiry-
Based learning and Teaching

The common difficulty found in professional development programs is
“piecemeal and fragment” (NRC. 2000: 112). At the undergraduate education level, science
courses and education courses are usually separated. This may lead to the gap between
science and education coursework. From these results, beginning teachers have to face a
big transition from student life to a professional career since there are limited courses which
integrate science and education together (National Commission for Teaching & America’s
future. 1996 citing NRC. 2000: 112).

Perusing professional development programs for inservice education, students

also face “piecemeal and fragmented” (NRC. 2000: 112). Professional developments are
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often unable to explicitly help teachers develop skills and understanding in inquiry.
Therefore, educational programs, which have clear emphasis on how to teach science
through inquiry, are needed (NRC. 2000:112).

8. Designing and evaluating a professional development program

8.1 Designing a professional development program

The strategies for professional development were proposed by Loucks-Horsley

et al. (2003) which suggested six categories for teacher learning 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

Examining teaching and learning

* Action research

* Case discussions

* Examining student work and thinking, and scoring assessment
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Table 3 (continued)

* Lesson study

Immersion experiences

* Immersion in inquiry in science and problem solving in mathematics

* Immersion into the 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; et al. (2003). Designing Professional Development for

teachers of science and mathematics: 12

A professional development program can be designed by applying multiple strategies
based on different needs or context of teachers learning styles. In this study, for example,
preservice teachers are novice. Therefore they may benefit from an inquiry immersion
experience followed by mentoring and coaching. Each strategy in Table 3 shares common
underlying assumptions about teaching, learning, and professional development. Therefore,

these clusters of strategies provide a framework for categorizing the strategies and
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considering their selection and use. In this study, immersion in inquiry in science will be a

strategy for professional learning.

8.2 Evaluating Professional Development

The levels of model for evaluating professional development were suggested by
Guskey (2000). There are hierarchically arranged from a basic evaluation to a more
advanced approach. In each level a process of gathering evaluation information, time and
resources are increasing. Therefore, to success at one level, it is necessary for participants
to pass through a basic level as a priority on their way to higher level. The level of
professional development evaluation are includes;

Level 1 Participants ‘reactions

Level 2 Participants’ learning

Level 3 Organization support and change

Level 4 Participants’ use of new knowledge and skills

In this study, level 1 and 2 will be considered for evaluating the effectiveness of

professional development program.

9. Research related to this study

Holder, K. C. and Jayne A. Downey (2004) studied the literature related to PCK in
order to examine the credibility of evidence-based claim whether they are supported by
scientifically-based research. A hybrid cross-validation method, criteria from the No Child
Left Behind Act, the National Research Council, and the Education Sciences Reform Act
were used as criteria for analyzing and evaluating 51 published journal articles which have
PCK appeared in the title. The result of this study showed that in all of the studied articles,
PCK can be identified as a successful program of research in all papers. However, none of
the articles met the criteria for scientifically-based research. Three questions were raised

after the finding as follows; (Holder; & Downey. 2004: 2-9)

1) What is Pedagogical Content Knowledge? And, how is PCK developed?
2) How can PCK most effectively be utilized by teacher educators? And, what

is the connection between PCK and classroom student achievement?


http://www.eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Holder+K.+C.%22
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3) Can the results of this study, based upon only 51 articles, be generalized to
the population of studies (i.e., over 600) that use PCK as a descriptor phrase in the data
sources section?

Warren Haston and Amanda Leon-Guerrero (2008) explored the factors that
influence PCK acquisition of instrumental music preservice teacher. Two research questions
were proposed which are: “(1) Are there identifiable applications of PCK in the preservice
teachers' interactions with students? (2) To what source—apprenticeship of observation,
methods classes, cooperating teachers, or intuition—do preservice teachers attribute these
applications of PCK?” The finding shows that two preservice teachers exposed that
apprenticeship of observation, methods courses, and cooperating teacher are their
significant sources of PCK. Though, one of the participants of this study revealed that
intuition and methods courses are not different in term of providing PCK. The result can be
generated to the designing of method courses that aim to increase the PCK for preservice
teachers. (Haston; & Leon-Guerrero. 2008)

Madeira and Slotta (2009) studied the case study of a science teacher in the
development. The objective of this study is to facilitate and make PCK development more
explicit for the science teacher. Reflection and interaction with peer in the community were
utilized as interventions. Findings revealed that reflection is an approach that can help the
teacher develop their cognitive understanding and metacognition related to the process of
teaching science and make connections between PCK and classroom actions (Madeira; &
Slotta. 2009)

According to Yamaguchi, Inagaki and Nogami (2009) studied about the ability of
elementary preservice teacher to learn how to teaching science from instructional materials.
The researchers in this study claimed that most of recently research focuses on learning
result of science teachers more than focuses on learning potential. Therefore, the purpose
of this study is to clarify Japanese elementary teachers’ ability to learn how to teach science
from instructional materials. The findings exposed as follows: (1) preservice teachers can
learn basic science lessons from a science education program which provides them a
chance to convert the lesson that shows what teachers want to teach to the lesson that

express what students want to learn. Moreover, preservice teacher can experience the
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process of scientific inquiry in such program (2) Preservice teachers can learn pedagogical
knowledge through instructional material, however; they have difficulties in learning PCK.
(Yamaguchi; Inagaki; & Nogami. 2009: 174)

Gess-Newsome and Carlson (2009) on the other hand looked at interconnected
between teacher knowledge and practice and student achievement. There were 35
secondary biology teachers participated in this study. One of the two educational biology
curriculum materials was implemented. While they also participated in the professional
development program, teachers’ PCK were captured by pre and post test measurement to
compare between the units which combine with professional development and the units
without professional development. Pre and post content knowledge scores of students were
collected and used for evaluating the correlation between teacher and student scores. The
finding reveals that (1) teachers gain a positive score in PCK measurement after attending
professional development (2) a significant correlation between teacher scores of content
knowledge and their scores on a classroom observation were found, and (3) student scores
increase in the area that their teacher gained in professional development. (Gess-Newsome;
& Carlson. 2009)

Musikul and Abell (2009) investigated the relationship between professional
development program outcomes which examined teacher knowledge and practice and the
professional developers’ knowledge for professional development program and their
implementation. The study was conducted in the context of professional development for
elementary science teachers and four classrooms following the professional development
program in Thailand. The results were found that elementary teachers used (1) didactic, (2)
activity-driven and academic rigor orientations and (3) had limited PCK for science
teaching. Musikul and Abell (2009) suggested that lacking one of the type of knowledge, it

can lead to an ineffective using the other components in PCK. (Musikul; & Abell. 2009)

Summary

Teacher educators and researchers are turning their attention to the knowledge

called PCK since Lee Shulman (1986) originally proposed the idea of missing piece in
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teacher education. Shulman stated that the missing piece in teacher educational research is
a study of the relationship between teachers’ understanding of subject matter content and
understanding of instruction. In reviewing, the research related to PCK are made regarding
(1) the significance of PCK, (2) the development of PCK in teachers, (3) the measurement of
PCK, (4) the method of increasing PCK and (5) PCK in specific content area. Researches
concerning PCK are conducted in the context of both teacher preparation program for

prospective teachers and inservice professional development program.



CHAPTER 3

METHODOLOGY

This chapter describes the details of the research methodology which presented

the stages in the development of an Inquiry-Based Teaching program via PCK and UbD: a
professional development program for preservice teachers that influence their knowledge,
attitudes and skills regarding inquiry-based teaching. The methodology of this study is
conducted as under the following headings;

1. Population and Participants of the Study

2. Development of Instrument of the Study

3. Data Collection

4. Data Analysis

1. Population and Participants of the Study
Population
The population is a senior year of education (science) students at a university in
a central of Thailand. (Target population approximately is 21)
Participants of the study
The participants are volunteers from a senior year of education (science)

students at a university in a central of Thailand. (Total of 11 students)

2. Development of Instrument of the Study
This study involved 3 major stages of development. The stages are summarized as

an overview of the study in Figure 10



1. Identifying and
contributing PCK

A

2. Designing an IBT

program

Y

3. Evaluating the use

of IBT Program

1.1 Reviewing literature

1.2 Designing and planning for
qualitative phase study

(identifying PCK)

2.1 Developing a draft of IBT

program

2.2 Verifying the quality of IBT

program by experts

2.3 Revising the IBT program

2.4 Piloting the IBT Program

3.1Implementing the IBT
program with 11 preservice

teachers (senior year)

3.2 Evaluating participants’
reactions - Using questionnaires
to assess attitude towards
inquiry-based teaching and

Satisfaction towards IBT program

3.3 Evaluating participants’
learning

- Using PoL and IOP

Figure10: Overview of the study
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Research methodology

Mixed method research design was selected in this study. Figure 11 shows the
tree for decision making mixed methods design criteria for timing, weighting, and mixing,
which are used as the key factors for determining which category of mix method design is
suitable for this study. The Bold fonts illustrate the timing, weighting, and mixing criteria
which were the focal points of this study (Creswell; et al. 2003; Hanson; et al. 2005; Plano

Clark. 2005 citing Creswell & Plano Clark. 2007:80).

(a) What will the timing of the quantitative and qualitative methods be?

Concurrent timing Sequential timing

Quantitative first Qualitative first

(b) What will the weighting of the qulantitative and qualitative methods be?

Equal weight Unequal Iweight
| |

Quantitative emphasis Qualitative emphasis

(c) How will the quantitative and qualitative methods be mixed?

Merge the data Embed the data Connect the data
I I I I I I I I I
Merging Merging data Embed Embed Quantitative Qualitative
Results during during analysis qualitative data quantitative data leads to builds to
interpretation in a quantitative in a quantitative qualitative quantitative
design

Figure 11: Decision tree for mixed methods design criteria
for timing, weighting, and mixing
Source: Creswell; et al. 2003; Hanson; et al. 2005; Plano Clark. 2005 citing Creswell; &
Plano Clark. 2007:80
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Phase 1: A qualitative exploration of the case study of an experienced instructor
team in an undergraduate biology lab teaching to identify the PCK

The first phase of the study will be a qualitative exploration of the case study of
an experienced instructor team of Undergraduate Biology Lab Program (UBLP) in order to
identify the PCK, for which field notes, audio recording and interviews will be collected from
the instructor team and students at a large public university in the midwest of the United
States. The reason for collecting qualitative data initially is that there is little guiding PCK
theory in biology lab teaching for designing professional development for biology preservice
teachers

2.1 Qualitative data collection

2.1.1 Participating in UBLP as a participant observer
UBLP is a sequence of courses and lab experiences in 4 semesters. Table 4
below presents how the courses are sequenced. Curriculum and lesson plans were also

collected for analyzing in the next step.

Table 4: The sequence of course and lab experiences in UBLP

SOPHOMORE JUNIOR
1.Evolution, ecology 2.Cellular biology 3.0rganismal biology 4 Biological
and genetics interaction
(Fall) (Spring) (Fall) (Spring)

2.1.2 Collecting data
The researcher observed a lab classroom three times a week which divided
into 3 parts as followings:
1) Discussion section which researcher participated a day before lab
session for 1 period per week,
2) Lab section which researcher participated for 3 periods a week,
3) Instructor team meeting which researcher attended on every Friday for 2

periods.
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Observation field notes and audio recorder were applied at this stage. Observation

field note form is shown below:

Field note form

Date...../..../...... Week.....Time........... COUMSE e
INStruCtor.....coov OBSErVer. .o
SUD T Mat .
Number of Students: Male............ccccceeirnnnne. Female......oooooi
Number of TA:

Male.. ..o FEMAIE. @ g o T . ... oeeeneeeeenenanannnnen
Teaching objectives: oo o il L i i
Learning objectives S % % _ -oldlEe. .. 8w 0 .
Activity:..oooo e P T L e B g N YW
INSErUCTIONAl INS UM NS L e e e e e e eas
Instructional Approach/ Methodology/ Strategy........ocvovniiii e
Notes............ " @..cpb .. B. T I BT -2 .5 . 99 ...........

2.1.3 Collecting data by interviewing the head of instructor team and TA in
UBLP
Teacher Pedagogical Philosophy Inventory (TPPI)

Teacher Pedagogical Philosophy Inventory (TPPI) was originally developed
by Richardson and Simmons (1994) and continually revised by L. Richardson (2001). The
reliability data are not reported, however; Simmon; et al. (1999) indicated that the validity
had been developed through comparisons of interview data. The rationale that the
researcher selected the TPPI instrument was to explore the instructors’ belief since TPPI
were used in many researches which intend to study teachers’ belief. (Richardson; &
Simmons. 1994 modified by Brown; & Melear. 2006). This TPPI instrument was continually
modified for the study of the investigation of secondary science teachers’ beliefs and

practices after authentic inquiry-based experiences by Brown and Melear (2006). In this
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study the researcher adapted the interview protocol for interviewing the head of instructor
team and TA in UBLP. Below are some examples from interview protocol. (Brown; & Melear.
2006)
Examples of interview protocol (adapted from Richardson; & Simmons. 1994
modified by Brown; & Melear. 2005)
- Describe a well-organized biology lab classroom.
- Describe the best teaching/learning situation that you have ever
experienced in doing biology lab.
- Which of your undergraduate education courses were beneficial to you
when you began teaching? Why or why not?
- Which of your undergraduate education courses were not beneficial to you
when you began teaching? Why or why not?
2.2 Qualitative data analysis
This stage was conducted in a naturalistic paradigm using qualitative
techniques data analysis. The researcher used the case study methodology (Merriam.
1998). We aimed to gain an in-depth understanding of this program and its concept for
those involved. We used the case study to focus on the process of teaching in this setting
rather than outcomes of such programs, and as a process of discovering aspects of PCK
rather than confirming it. This case-based approach takes into account the context of our
selected inquiry-based laboratory program. We were interested in identifying PCK
concerning inquiry-based teaching in this particular laboratory context. Thus we studied the
instructional team’s processes of planning, teaching, evaluating, and reflecting in the
program.
The instructional team consisted of four instructors including two professors
(MD, JN), a teacher assistant (BK), and a laboratory manager (SM). They worked
collaboratively both in planning the laboratory sessions and in implementing their plans.
Names of the program and the instructional team used in this paper are pseudonyms. There
were approximately 25-30 students per class. Most of the students who enrolled in UBLP
were high achievers with a high grade-point average (GPA) and were particularly interested

in science research. When they registered for this course they had to write an essay to
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explain what inspired and motivated them to learn and what their learning goals were for
enrolling in UBLP. The program expected the students to work collaboratively in teams to
accomplish many of their class projects. Even though they worked as a team in their inquiry-
based laboratory activities, they also had a chance to write a paper individually and receive
a direct feedback.

The data derived from the qualitative collecting data step were analyzed by
coding and categorical aggregation (Yin. 1994; Creswell. 1997). In the process of data
analysis, the researcher used computer software program called Nvivo version 8 (QRS.
Online).

Nvivo 8

The Nvivo8 is a qualitative research software which enables researcher to
manage, shape and make sense of information. This software cannot provide the thinking or
idea in analyzing, however; it helps researcher to discover patterns, identify themes and
make robust findings (QRS. Online).

2.3 Qualitative results

The results from the qualitative data analysis will be coding texts which will
ultimately set a diagram theme from the major components that will occur in patterns during
analyzing data. A diagram for inquiry lab based teaching pedagogical content knowledge

will be drawn as a PCK theme for this study.

3. Develop instrument

The results from the phase 1 will be used for identifying the goals for IBT program
and the stage of Understanding by Design (UbD) will be applied for instructional and
instrumental development in the last step of phase 1. UbD is a backward design structure
(Handelsman; et. al. 2007: 14) which includes a three steps of instructional design (Wiggins;

& McTighe.2005: 14, 18) as shown in Figure 12.
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1 Identify desired

results

2. Determine
acceptable

evidence

3. Plan learning
experiences and

instruction

FIGURE 12 UbD: Stages of backward design

Source: Wiggins and McTighe. (2005). Understanding by Design: 14, 18

The qualitative finding theme will be firstly considered for identifying desired results
or learning outcome in the stage 1 of UbD. Secondly, the acceptable evidence, in other
words, assessment tools will be determined in order to measure preservice teachers
learning experiences. The acceptable evidences must be well match with the desired
learning outcomes. Thirdly, the learning activity will be designed to enable preservice

teachers to reach the desired learning outcomes in this study.

The second, quantitative phase will be followed up on the qualitative phase for the
purpose of designing the professional development program via PCK finding. In the
quantitative phase, entrance and exit attitude survey, lesson plans and performance
checklist in microteaching will be collected from preservice teachers who volunteered for

participation in this study. (See more detail in section 4)
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4. Data Collection
4.1 Quantitative data collection
4.1.1 The assessment tools of the study

The assessment tools for data collections in this study were set into two
forms as followis;

1) Formative assessments are the tools for assess preservice teachers an
ongoing learning in the program. The rubrics for evaluation of each class work and
assignments are provided for participants to evaluate their knowledge and skills as
indicated in learning goals. The permission was given to use provided rubrics in this
research and translated into Thai to use as an instrument in this study. The instruments in
Thai version will be reviewed by 5 experts to check for content validity. The formative
assessments are not the tools for testing hypotheses but they are instructional instruments of
this study as follow;

- Mini project proposal evaluation rubric

- Mini project paper evaluation rubric

- Mini project PowerPoint presentation evaluation rubric

- Mini project Poster presentation evaluation rubric

- Group effort analysis

Each tool will be validated by 5 experts. The content validity index (CVI) for
each instrument in the Thai version will be analyzed as follows (Reinard. 2006: 137-139):

Consistent is weight as +1

Unsure is weight as 0

Inconsistent is weight as -1
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The formula used to calculate the CVI is

CVI=XR

Where CVI means the content validity index
2R means Summation of expert’ opinion marks
N means A number of experts

2) Summative assessments are the tools which intend to apply for testing the
hypotheses of this study. The summative assessment tools are quantitative instruments
including;

- Inquiry Observation Protocol (IOP)

Inquiry Observation Protocol (IOP) data collection form was established by
members of the Inquiry-Based Curriculum Enhancement (ICE) team at Indiana University.
The IOP form was modified from the Reformed Teaching Observation Protocol (Piburn; et al.
2000). Participants will be assigned to create a team lesson plan and teach 5 students in
microteaching setting both pre and post program, therefore the IOP form will be used for
observation in microteaching evaluation (Cianciolo; & Atwell. 2006: 51)

|IOP includes 26 statements to observe the behavior of the instructor and
students, which are subdivided into 3 categories of behavior as follow;

Category 1: Students’ general behaviors- 10 items

Category 2: Instructors’ general behaviors- 6 items

Category 3: Students’ specific behavior- 11 items

Thai version of IOP will be analyzed to calculate the content validity
index (CVI) by 5 experts (Reinard. 2006: 137-139).

- Profile of Labwork Tasks (PoL)

The Profile of Labwork Tasks (PoL) is a checklist tool for examining the
effectiveness of labwork tasks. PoL was created by Millar, Tiberghien and Le Marechal as a

part of the project Labwork in Science Education (LSE) (Project PL95 2005) (Millar;
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Tiberghien; & Le Marechal. 2003: 9-20). The impact of specific aspects of labwork tasks
design will be evaluated by PoL instrument in the process of lesson plan evaluation. PoL has

5 aspect coding schemes which are;

1) Intended learning outcome

2) The cognitive structure of the tasks

3) Level and nature of student involvement
4) The practical context

5) Pedagogical Content Knowledge for science lab teaching*

*The aspect of Pedagogical Content Knowledge (PCK) was developed by
researcher based on the qualitative result in the first phase.

Since the participants will create a lesson plan for teaching in microteaching
setting. Each participant will teach 5 students twice. The PolL will be utilized to gauge their
lesson plan both pre and post program.

Thai version of IOP will also be analyzed to gauge the content validity index
(CVI) by 5 experts (Reinard. 2006: 137-139).

- Attitude towards Inquiry-Based Teaching questionnaire.

Attitude towards Inquiry-Based Teaching questionnaire is an instrument
which adapted and modified from The Revised Science Attitude Scale (RSAS) (Hall.1992)
and Teacher Pedagogical Philosophy Inventory (TPPI) (Brown; & Melear. 2006) to assess
preservice teachers’ attitude towards science inquiry-based teaching. The questionnaires
include 26 items of six Likert-point scale and open-ended questionnaires. It will be scored

by assigning point values for each of attitude items (as shown in Table 5).
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Table 5 Point value for positive items and negative items for attitude questionnaire

Positive items Negative items
Strongly disagree 1 6
Disagree 2 5
Somewhat disagree 3 4
Somewhat agree 4 3
Agree 5 2
Strongly agree 6 1
Do not know 0 0

Attitude towards science inquiry lab questionnaire will be tested for internal
consistency by applying to 21 preservice teachers who are not participants of this study.
The Cronbach alphas coefficient will be used for calculate the internal consistency
(Punprasert. 2008: 89). The internal consistency can be calculated by Cronbach coefficient

alphas as following;

k-1 S

Where O means the Cronbach’s alpha
kK means the number of items on the test
Where Si2 means the variance of each score

2 .
S, means the variance of total scores



60

5. Data analysis
Statistics

Since this study has a small sample size (N= 16), Wongratana (2007) suggests

t-test for dependent samples (One group pretest posttest design) as following (Wongratana.

2007: 177-182);

t = 2D

\/ n2D’ - (XD)’

n-1
di=e 5 =

Where D  means the differentiation between scores of pre and post test

n means a number of samples



CHAPTER 4

FINDINGS

This chapter presents the findings from phase 1: development of Inquiry-Based
Teaching (IBT) professional development program and phase 2: IBT professional
development program implementation and evaluation. The findings were compiled and
organized to answer a research question below.

How does an (IBT) professional development program via PCK and UbD affect
biology preservice teachers’ knowledge, attitudes, and skills concerning effective lab

teaching?

The findings were organized into three sections:

Section 1: The results of identifying and contributing PCK to IBT
Section 2: The results of designing an IBT professional development program

Section 3: The results of implementation and evaluation of the PD program

Section 1: The results of identifying and contributing Pedagogical Content Knowledge
(PCK) to inquiry-based teaching

Sub-research question “Can we identify the PCK of an instructional team in an
inquiry-based laboratory program at the university level?”

Context of Program

About Undergraduate Biology Lab Program (UBLP)

An Undergraduate Biology Lab Program (UBLP) is an award-winning intercollege
honors program. It is a challenging four semesters introductory biology sequence that
provides a broad, in-depth, and integrated background for students interested in any area
of biological science. UBLP does not offer as a major field of study but rather fulfills some or
all of the biology requirements for a variety of biological science majors, including variety of

students in the College of Agricultural & Life Sciences as well as in the College of Letters &
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Science and the School of Education. The faculty and staff adjuncted with the program are
drawn from departments across campus and are deeply committed to undergraduate
education.

Statement of UBLP’s Philosophy on Teaching and Learning

Since the world is changing so rapidly every day, it is hardly to picture what
students will need to know in the future by solely teaching them. What UBLP’s instructor can
do is to give students opportunities to develop: (1) a foundation of concepts and principles
upon which they will build an increasingly complex intellectual structure, (2) a language and
an ability to communicate with other people as they accumulate and share this structure, (3)
a recognition in any particular situation of what they need to know and strategies for
acquiring it, (4) an understanding of the process of science that allows faculty members
continually to revise our models, and finally, (5) a skeptical mind that constantly asks for
evidence for claims. Therefore, four philosophy statements of UBLP are including;

1. Itis learning that matters.

2. We cannot do it for them.

3. Teach science as a process.

4. Set high standards and expect students to reach them.

Who are in the program?

1. UBLP instructors

UBLP instructors are recruited because of their distinction in a particular area of
biology, their excellence in teaching, and their interest in undergraduates. Many instructors
participate in the laboratories as well as the lecture-based courses; this is indeed a
commitment because there are up to 6 three-hour laboratory sections per week. Their
dedication to teaching and learning is shown by the fact that most of them teach in UBLP on
top of their regular workload departmental responsibilities (with no additional financial
compensation). They work in groups of 3-4 to plan and teach each course and do this as a
team. They ask for and give constructive criticisms to each other. They struggle together
over the best ways to present challenging materials, to accurately assess student learning,
and to address problems that students have. The chairs of the 7 courses meet to reflect on

the progression of topics through the sequence and to make sure there is a link among
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courses that students will finally be able to see their interconnected as a whole regularly.
Junior faculty finds UBLP a particularly welcoming place to begin teaching because they
are not simply thrown into a course on their own but are guided and given feedback by the
more experienced members of the team. Experienced faculty finds UBLP a place where
they can bounce ideas off colleagues who share their excitement about teaching.

2. Teaching Assistants

Teaching Assistants are colleagues who share responsibility for carrying out the
course goals. UBLP is able to recruit excellent graduate students from across campus for
these positions because the program has developed a reputation and among graduate
students as an excellent place to obtain teaching experience that helps prepare them for
their future careers. UBLP provides TAs information about teaching and learning, examples
of effective teaching practices, opportunities to help develop course materials (including
exams), and on-going support and feedback as they are carrying out their responsibilities.
The faculty and staff listen to TAs and value their perspectives on students' progress. TAs
appreciate and try hard to live up to UBLP's high expectations for them. Almost all receive
high scores on the course evaluations.

3. Students

UBLP students form friendships and bonds as they work together over 4 semesters.
Some students take to UBLP's challenge and high expectations immediately from the
beginning; others require time before they appreciate being held to such high standards.
Research on learning has shown that working together in small groups is an effective way
for students to learn challenging material and UBLP provides many opportunities for small
group work. The program encourages students to form study groups and allows students to
work together on the assignments as long as they list the names of their collaborators on
their papers. (Exams, quizzes, and most laboratory papers must be completed individually
on their own versions, however.) The objective aims to build cooperation rather than
competition, UBLP courses are graded using a set grading scale, not a curve. UBLP
instructors and staff invite student comments throughout each course and try hard to

respond to any concerns that are raised.
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Figure 13 UBLP laboratory setting

Instructor’s background

Instructor: Dr. MD

Dr. MD got her bachelor’s degree in teaching of biology 6-12 and minor in
chemistry. She had taught high school biology for 2 years and continued her master and
PhD in Zoology. During her study in a graduate school, she had been a teacher assistant for
eight years during. After graduated, she has taught in UBLP since 1998 and participated in

DELTA faculty development program since 2000.
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Instructor: Dr. JN

Dr. JN had a bachelor's degree in Horticulture, master in Botany, PhD in Plant
Biology and postdoctoral in Science Education. She teaches and interacts with students,
faculty/staff, and alumni in a variety of situation of UBLP. She serves as UBLP's
undergraduate advisor and as a research mentor for projects, she also leads UBLP peer

mentors and writing consultants program, and serve as the program Associate Director.

Teacher assistant’s background

Teaching assistant (TA): BK

BK'is a TA in UBLP since 2007. She is a 2nd year graduate student who majoring in
Bacteriology. She got her bachelor's degree in biology and Spanish. She was a biology and

chemistry tutor and also an undergraduate TA, while being an undergraduate student.

Sub-research question “Can we identify the PCK of an instructional team in an
inquiry-based laboratory program at the university level?”
Results

The analysis of data from this stage resulted into eight categories of PCK including:
1) cooperative teamwork; 2) constructive feedback, 3) peer partnering; 4) doing science as
process; 5) communication; 6) team teaching; 7) reminders and repetition, and 8) familiarity

with equipment.
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8) Familiarity with equipment 1) Cooperative teamwork ability

2) Constructive feedback
7) Reminders & repetjtion

3) Peer partnering

6) Team teaching

5) Communication 4) Doing science as process

Figure 14 The eight PCK components for inquiry-based lab teaching

The diagram represents the analogy of a spider (with its eight PCK legs) and its web
(science content knowledge), which can be seen as interrelated and inseparable. Both the
spider and its web have to be together for survival, just as the science teacher should
possess both PCK and SCK in order to teach effectively. The qualitative findings are

discussed in terms of each of these categories.

1. Cooperative teamwork

The data showed that at the beginning of each semester the instructional team
spent the first period preparing students to work as a team. They utilized several techniques
including: students participating in ice breakers; introducing the five stages of group
development discussing how students should deal with “hitchhikers” and “couch potatoes”;
developing student awareness of constructive and destructive group behaviors; and

discussing how they could deal handle behaviors.
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One of the instructors (MD) stated that teamwork ability is important to help
students succeed in an inquiry-based approach. Students must learn to work together in
teams to develop and to share their ideas. Working in a group can possibly create some
difficulties but students need to learn how to deal with those problems. This is not just
preparing students to work in a laboratory classroom but also for working in a real world
when they are doing their job.

An instructional team member (JN) said that the stated program goal in the
course materials emphasizes that students must learn to ‘work as a member of a productive,
collaborative research team’.

The instructional team applied ‘jigsaw’ teaching approach at a beginning of a
new unit. Jigsaw approach is one of the cooperative learning techniques such as brain
storming activities and team discussions. These serve to help each student team to come
up with ideas for team research questions since each student in a team is responsible for
investigating a different topic in a different lab station. Subsequently, they need to come
back together to their team to share their expertise and discuss. Everyone, therefore, has
their tasks to accomplish the ideas’ team.

At the end of a unit, each student’'s behavior was evaluated by the other
students in the team using an evaluation form called the Group Effort Analysis (GEA). In an
interview the instructional team described that they could not evaluate teamwork behavior
solely by themselves. Only the students in each group could know how well their team
functioned.

Examples of interview data sources were categorized as “cooperative
teamwork”:

‘Some students will come to me directly and complain about their group mates.

Others will complain to their TA. Other students will only tell us on the group

effort evaluation form, those GEA form. So sometimes we don't find out about

that until after the project completes and they fill those out and sometimes you
just watch them and you can tell when a group member being particularly

difficult’. (MD)



68

‘One of the most effective way that | found to deal with difficult groups is to
bring them to my office as a group and explain to them what | have observed
and ask them as a group to come up with some solutions. And it's really
important that you do that in a group setting because then it means that
everything you said is in front of everyone else and it's important for me during
that time to model a respectful conversation and try to help them reach a passage solution.

It doesn't always work but it usually works’. (MD)

2. Constructive feedback

During the laboratory sessions, the instructional team was frequently observed
giving feedback to students about their work, for example, their written papers, oral
presentations and poster presentations. The instructors gave constructive feedback not only
stating the words “good job”, “excellent”, “brilliant”, or “well done”, but also gave them
constructive criticism using a questioning technique. Using questions they would ask the
student about something, and then give them a chance to explain their reasons for their
statements or actions.

During an interview, an instructor (MD) noted that giving students a chance to
express their ideas, allowed instructors to check for possible student misconceptions. Also,
when instructors used questioning techniques repeatedly, it caused students to think more.
If students became uncertain about whether their understandings or beliefs were correct or
not, they would learn that they needed to make additional effort in understanding that
concept. Then the instructor could help them to figure out their difficulty.

In addition, an instructor (JN) expressed that it is important that students should
learn to both give, and be given feedback. Because some students feel uncomfortable
when people criticize their work, the UBLP instructors aimed to prepare students for working
in a real world by modeling how to give constructive feedback, and helping them learn not
to feel upset when people judged their work.

The following is an example from an interview concerning the category of

“constructive feedback”:
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‘| can't really model doing research because they have to experience that
themselves. But | can ask the right question of students...maybe not the right
questions but appropriate questions to lead them along the way. And | think that
students really learn a lot from the way instructors respond in an unexpected
way. Are they gonna find out? So that means we are all learning together at the
same time. What | can model is how to be open to improve your experimental
design. So hopefully, when | ask them questions | will be modeling for them,

how they ask questions themselves with their own research teams’. (MD)

‘One of the most effective way that | found to deal with difficult groups is to
bring them to my office as a group and explain to them what | have observed
and ask them as a group to come up with some solutions. And it's really
important that you do that in a group setting because then it means that
everything you said is in front of everyone else and it's important for me during
that time to model a respectful conversation and try to help them reach a

passage solution. It doesn't always work but it usually works’. (MD)

3. Peer partnering

In the UBLP, the observations revealed that students were taught how to be
good peer review partners. This strategy was aimed to develop a collaborative and
supportive learning community with a cooperative rather than a competitive atmosphere. As
an example of peer partnering, the observations showed an instructor telling students the
following:

‘Another way we will help you in this process is to schedule opportunities for you
to give and receive peer feedback on your papers before you turn them in to be
graded by your TA. Writing is a form of communication and a peer can tell you
whether or not your paper makes sense. It is to your advantage to take seriously
your responsibility to review a peer's paper. We find that the review process

benefits the reviewer as well as the author because it gives you practice
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evaluating a paper applying the same criteria that your teaching assistant will use

to evaluate your paper’. (CM)

The observations of field notes and curriculum materials showed that UBLP
instructors encouraged students to form study groups. They also encouraged the students
to work together on the assignments (with the exception of exams, quizzes, and most
laboratory papers that were to be completed individually). For all collaborative projects the
students were required to write the names of their collaborators on their joint papers. All
courses were graded using a set grading scale. According to instructor (MD) ‘We are not
grading on the curve but grading fairly using a straight scale to discourage competition and

not penalize students’.

4. Doing science as process

The UBLP design was based on the philosophy that science is not just the sum
of all we know, but should be seen as a process of meaning making. Observations of the
laboratory sessions showed that the instructional team focused on the question of ‘How we
know what we know?’ This question encouraged students to keep the view of ‘science as
processes in mind when they were doing their scientific work. The students were
encouraged to modify their ideas as they constructed and implemented experiments.
Instructor JN used the word “tweaking” their explanations.

The course materials stated that the program intended that students should
change from using a “cookbook” laboratory approach to an inquiry-based approach. They
needed to learn to ask their own research questions and then investigate their questions
within their groups. This approach was reflected in the inquiry-based laboratory activities, as
observed in the course materials.

The following are examples from interview data sources concerning the
category of “science as process”:

‘We must focus as much on how we know as on what we know. This means

continually making hard decisions about which concepts, vocabulary, and

methods are essential, particularly since "what we know" becomes larger every
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year. It is a constant challenge to keep UBLP up to date without overwhelming

students with information’. (CM)

They encounter science as a process as they work in teams to make
observations, develop hypotheses, design and carry out experiments, draw conclusions
from data, and communicate their results and conclusions in presentations, posters, and

papers reflecting the format used by scientists at meetings and in journal articles’. (CM)

‘| think they learn best when they take ownership of their work in the lab when
they know that ultimately they are the ones who make the decision about their
research project, that's when they learn best — because you give them reasons
to learn the content. You know if students want to investigate heart rate and |
don't know.... (for example) in the swimming team versus people who don't

exercise regularly and they want to find out how regular exercise affects their
heart rate and they're gonna find out all of those things that they couldn't have
learned if you just lecture them. But they're gonna learn because they need to
... because of valuable pieces of information for them and they're gonna learn
much much more meaningfully and they're gonna remember it much much

longer’. (MD)

‘Labs must be based on inquiry rather than being "cook book" exercises
demonstrating something one already knows. Part of the scientific process
involves communicating results with other scientists and exposing one's ideas
to discussion and review by peers. These, too, should be part of the students'

experiences’. (CM)

5. Communication

The instructors (MD, JN, BK) commented that in UBLP, students practice
communication skills in multiple forms (i.e. paper writing, oral presentations and making

posters) to support multiple learning styles. Based on their field notes and curriculum
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materials, observations showed that the instructors talked to students about the importance
of communication skills. The course materials included: a writing manual; statistics primer
and statistics appendix; and a guideline for communication both for paper writing, oral and
poster presentation. The writing manual included a rubric scoring system to help students
evaluate their own work so that they could estimate how much effort would be needed for
them to improve to the next level. Also, instructors graded student work by using the same
rubric criteria.

The following are examples of interview data sources categorized as

“communication”:

‘| think we definitely have UBLP students who excel and do very well. And also
we have students who really do struggle especially in their writing component.
And we're so lucky to have graduate students because they are the ones who
do the most one-on-one work with our students. They are the ones who grade
the papers. And because students are writing individual papers, it's easier to
keep track of students who are struggling and to ask those students to come in
during the office hours, and have, you know, individual meetings and

conferences with them’. (MD)

‘The process usually begins when someone gets curious about a topic, asks
questions, and forms an idea for an experiment. If the experiment is carried out
and yields reproducible results and new knowledge, a scientist writes a paper

and/or does an oral presentation to communicate those results’. (CM)

‘| think... an effective biology classroom actually looks quite disorganized
because students are doing their own research. So when your lab looks the
messiest, it's when students are learning the most...(laugh) In my opinion | think
we have to be really organized in our preparation for helping students become
independent researchers. We have to really think about the supporting material,

our lab manual, our writing manual, our assignment. We have to be very



73

organized outside the classroom in order for good things happen in the lab’.

(MD)

6. Team teaching

Instructors MD and JN stated that team teaching is a strategy that helps
teachers achieve inquiry-based laboratory teaching. They also emphasized their belief that
everyone is important when they work as a team. In the laboratory classes, the instructional
team members always gave credit to each other when some of members worked on behalf
of others. For example, an instructor always publicly thanked the laboratory manager,
regardless of whether s/he was visible to the students.

In addition, outside the class, a weekly debriefing meeting was held on Fridays
for two hours to reflect on what happened in the class each week. In these sessions the
instructional team members discussed, brainstormed, and shared ideas to deal with
unexpected classroom situations. This was particularly important because instructors in the
inquiry-based laboratory classes sometimes experienced difficulties such as with classroom
management. Talking about these difficulties within the team in a mutually respectful way
helped solve such problems. The instructors (MD, JN, BK) believed that to reduce some of
the difficulties that occasionally arose during team teaching, team members needed to be
reflective and respectful to colleagues, and value each other’s perspectives. Moreover,
instructor MD commented that instructors should be good role models for students to learn
about cooperative teamwork skills.

The following are examples of interview data sources categorized as “team

teaching™:

‘| think surrounding yourself with good teaching partners is another thing that
helps a lot. So if you have any teaching peers that are trying similar things, it is
wonderful to meet with them regularly to discuss what went well and what you

can do better next time’. (MD)

‘Their dedication to teaching and learning is shown by the fact that most of them

teach in UBLP on top of their normal departmental responsibilities (with no
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additional financial compensation). They work in groups of 3-4 to plan and teach
each course and do this as a team (not a relay!). They ask for and give

constructive criticism to each other. They struggle together over the best ways

to present challenging material, to accurately assess student learning, and to

address problems that students have’. (CM)

7. Reminders and repetition

One of the instructors (JN) believed that reminders and repetition support clear
communication with the students. They also help the students to work at the same pace.
Observation field notes showed that instructors usually discussed the reminders needed by
students, and recorded these on their lesson plans. Then they announced the reminders
during the class, and repeated them again via weekend emails. In addition, students were
given frequent reminders by means of the laboratory manual, the writing manual, the
announcement board, and the 10-minute classroom announcements. The same instructor
(UN) also expressed the idea that this strategy could be seen as “spoon feeding”. This could
discourage students from making the effort to concentrate on the tasks since the
instructional team members reminded and repeated instructions so frequently.

The following are examples of observed data sources categorized as
“reminders and repetition”:

‘Remind them to check their statistical assumptions before running any

statistical analyses’. (LP)

‘Remind them that their Unit 3 proposal paper, plus peer review, plus author’s

response are due at the beginning of week 14’. (LP)

‘In the Friday emails, remind students to look at pp. 64-71 in their lab manual,

which they might overlook otherwise’. (LP)

‘Remind them to be specific about the statistical tests they intend to use’. (LP)
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8. Familiarity with equipment

In an interview, instructor MD stated that: ‘Students can learn how to conduct
question-driven experiments (rather than equipment-driven experiments) when posting their
research question’.

Based on the observation field notes, at the beginning of each unit, the
instructors allowed students to try out new equipment and learn how to use it effectively. The
equipment was set up as a learning station. The students elected to visit a particular station
based on their interest, as related to their research questions. Each station provided them
with a ‘guided questions’ sheet, which the students were required to answer. Their answers
showed whether the students knew how the equipment worked and how they would use it in
their proposed experiments.

The study findings, 8 PCK components, from this stage were subsequently
used to create a PD program draft and pilot-test a preservice biology teacher PD program in

inquiry-based laboratory teaching.
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Section 2: The results of designing an IBT professional development program
2.1 The design of draft IBT program

Program features
The activities used in the program were designed based on inquiry-based
approach and identified PCK which would help preservice teachers to experience inquiry-
based learning and learning how to teach science inquiry. The activities may encourage
them to modify or change their performance in teaching. Through this program, preservice
teachers would be encouraged to develop inquiry-based lesson plans and practice in
microteaching.
Objective of the program
Student learning goals (What should they be able to do?):
1. Students will be able to engage in scientific inquiry laboratory activities by
- Asking biological question and formulating testable hypothesis
- Design the method of gathering evidence to answer biological question
- Explain and make logical conclusions based on evidence
- Find and evaluate related information from biological resources (e.g.
articles, online resources) to connect to their explanation
- Communicate about scientific knowledge through writing, presenting
and/or making posters
2. Students will engage in collaborative teamwork.
3. Students will be able to contribute constructive feedback to classmates
and peer-partners (S)
When students act as teachers (in microteaching), they will also:
4. Preservice teachers will be able to facilitate students’ learning through
scientific inquiry laboratory activities by
- Providing biological questions, materials and resources for intrigue
students’ curiosity
- Providing data and guiding how to analyze
- Providing evidence to students (If they are unable to gathering the

evidence in the classroom setting)
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- Directing possible related information from biological resources (e.qg.
articles, online resources) to help students make a connection to their explanation
- Providing steps and procedures to communicate scientific knowledge
5. Preservice teachers will be able to teach science in the laboratory using
team teaching strategies
6. Preservice teachers will be able to use standard laboratory instruments
appropriately and confidently
7. Preservice teachers will be able to contribute constructive feedback to
students (classmates) and peer-partners (S)
8. Preservice teachers will be able to manage student behaviors in the
laboratory
9. Preservice teachers will be able to use tools of science (e.g. graphing,

biological drawing)

The contents and activities of IBT guidebook and lesson plan
The contents and activities of IBT guidebook and lesson plans are presented in
Table 6 below.

Table 6 The contents and activities of IBT guidebook and lesson plans

Learning units Inquiry-based activities PCK activities
1. Introduction - 1. Bingo Physiology A and B
1 Ice breaking (component #1)
activity
2. Introduction?2 - 1. Teamwork makes it work
:Cooperative 2. How to deal with hitchhiker
teamwork abilities and couch potato
practice (component #1)
3. Unit 1: Let’s 1. What is the reason that popcorn 1. Tweaking it, Make it your
make your pops and other grains don’t? own popcorn recipe!
popcorn! 2. Tweaking it, Make it your own (component #4)

popcorn recipe!




Table 6 (continued)

78

Learning units

Inquiry-based activities

PCK activities

4. Unit 2: Blood

circulation

1. KWL-Chart

2. My health lifestyle inventory

3. How to measure your pulse
and heart rate 4. How to use
blood measure monitor

5.How to measure blood pressure

6. Mini project 1

1. KWL-Chart

2. How to use blood measure
monitor (component# 8)

3. Mini project 1 (component # 1-5,
7)

5. Unit 3: Nervous

1. Active observation: watching

1. Active observation

system Jurassic park video clip 2. Neuroscience for Kids®
2. Explore and work on varieties 3. Mini project 2
of experiment on “Neuroscience (component #1-5, 7-8)
for Kids"®: An online open
source.
3. Mini project 2
6. Unit 4: 1. Kidney Function Simulation 1. Kidney Function Simulation

Excretory system

2. Kidney jigsaw activity

3. Mini project 3

2. Kidney jigsaw activity
3. Mini project 3
(component #1-5, 7-8)

7. Unit 5: UbD

Lesson plan

1. Investigating preservice
teachers perception of inquiry-
based activity and UbD by using
Flayer model

2. Introduction to UbD and
Backward design lesson plan

3. What does inquiry-based
classroom look like?

4. Reflecting on pre-microteaching

5. Team lesson planning
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2.2 The evaluation of draft PD program by experts

The draft IBT program and learning materials were evaluated and verified, in
terms of appropriateness, content validity index (CVI), and item-objective congruence index
(I0C) by 5 experts, including an experienced biology teacher in high school, two science
educators, a physiologist, and an educator. The criteria of the professional PD evaluation
are presented in Appendix B

2.3 The result of draft PD program by each component
2.3.1 The activity guidebook
The activity guidebook was evaluated for the appropriateness of content
and activities, CVI, and 10C in each unit. The mean score and the standard deviation are
illustrated in Appendix B. The result of evaluation on the appropriateness showed that the
mean scores fall between 4.60 and 5.00, indicating that the levels of appropriateness for all
lists were highly appropriate. The result of CVI showed that the mean scores fall between
0.80 — 1.00, indicating that every units was valid. The result of evaluation on the |IOC showed
that the mean scores fall between 0.60 — 1.00, indicating that every unit evaluated by
experts is consistent.

2.3.2 The writing and presenting manual

The writing and presenting manual was evaluated. The mean score and the
standard deviation are illustrated in Appendix B The result of the draft writing and
presenting manual appropriateness presented mean scores 5.00 at all lists indicating that
this draft writing and presenting manual was appropriate for using in the study. The CVI
mean scores of each component was 1.00, indicating that the writing and presenting
manual was valid in all lists. IOC showed mean scores at 1.00, indicating that every
component of the draft writing and presenting manual is consistent with one another.

2.3.3 The lesson plan was evaluated. The mean score and the standard
deviation are presented in Appendix B The result of appropriateness presented mean
scores between 4.60 and 5.00, indicating that the level of appropriateness at all lists were
highest. However, unit 5 was edited based on the experts’ suggestions. The CVI mean
scores of every units of lesson plan were at 1.00, indicating that the lesson plans were valid

in all lists. The 10C presented mean scores between 0.60-1.00 which indicates that each
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component of program and program material in draft lesson plans were consistent with one
another. However, the result of unit 5 was consistent at the lowest mean score. Therefore,
unit 5 incorporated based on experts’ suggestions into the unit.

2.4 Conducting a pilot study

A pilot study was conducted to test the quality of the draft program prior to the
implementation of the program, and to prove the practicability of the draft program. This
pilot study was conducted with five senior preservice teachers, majoring in biology
education. The research tools utilized in a pilot study were the draft activity guidebook,
writing and presenting manual, and lesson plan and preservice teachers who participated in
a pilot study were volunteers. The instructor and preservice teachers participated in this
pilot study were from a faculty of education at a university and were not in the same group
as in main study. After conducting a pilot study, it revealed the difficulty that occurred
during the program such as time limitation for each activity.

Section 3: The evaluation of findings from the IBT program
The IBT program was evaluated based on analyzing data from participants’
reaction and learning. The evaluation of participants’ learning and reaction is set out below.
The evaluation of participants’ learning

Participants’ learning was analyzed and determined whether they were able to

achieve an effective lab teaching by using two criteria, knowledge and skill.
3.1 Knowledge for lab teaching

To evaluate participants’ knowledge for effective labwork tasks, a Profile of
Labwork Tasks (PolL) checklist tool was employed to analyze preservice teachers’ lesson
plans during pre-program implementation, in comparison with post-program
implementation. The checklist comprises of five aspect coding schemes and each coding
scheme can be divided into sub-item checklists as shown in Appendix C. It was then
determined whether each coding scheme was incorporated in participants’ lesson plans
and the data were analyzed quantitatively by counting the number of times of components

in each aspect occurred.
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- Coding scheme A: Intended learning outcome

Intended learning outcome aspect was analyzed based on science content
(A1) and process (A2) presented in the lesson plans as shown in Table 6. In the pre-lesson
plans, the result showed that all of the preservice teachers possessed learning objectives in
relation to science content, including learning a fact (nine of nine lesson plans), learning a
concept (three of nine lesson plans), and learning a relationship (two of nine lesson plans).
However, in terms of science process, only three out of nine preservice teachers went
through science process learning objectives. The learning objectives, in these three lesson
plans (PS5, PS6 and PS7), included how to use a standard laboratory instrument and piece
of apparatus (one of nine lesson plans), how to plan an investigation (three of nine lesson
plans), how to address a specific question or problem (one of nine lesson plans), how to
process data (one of nine lesson plans), and how to communicate the results of labwork
(one of nine lesson plans).

After the program finished, post-lesson plans were collected and verified. The
results showed that all of the preservice teachers possessed learning objectives in relation
to science content , including learning a fact (four of nine lesson plans), learning a concept
(two of nine lesson plans), and learning a relationship (two of nine lesson plans). However,
six of nine (PS1, PS4, PS5, PS6, PS7, PS8) post-lesson plans were focused on learning
objectives of science process, which included learning how to address a specific question
or problem (two of nine lesson plans), learning how to plan an investigation (four of nine
lesson plans), learning how to use a standard laboratory instrument (two of nine lesson
plans), and learning how to carry out a standard procedure (five of nine lesson plans),
learning how to process data (two of nine lesson plans), and learning how to use data to

support a conclusion (four of nine lesson plans). See Table 7.
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Table 7 Aspect A: Intended learning outcome comparing pre and post lesson plan

To help student to... Pre Post
a fact 9 4
Content learning a concept 3 2
a relationship 2 2
how to use a standard laboratory instrument 1 2
or piece of apparatus
how to carry out a standard procedure - 5
how to plan an investigation 3 4
Process learning how to address a specific question or 1 2
problem
how to process data 1 2
how to communicate the results of labwork 1 -
how to use data to support a conclusion - 4

- Coding scheme B: The cognitive structure of the task

Aspect B was aimed to capture the general perspective of labwork tasks which
including 1) what students are intended to do with objects and observation (B1) and 2) what
students are intended to do with ideas (B2). See in Table 8.

In pre-lesson plans, the result showed that three of nine lesson plans (PS1, PS7,
and PS8) were checked in aspect B1 with using an observation or measuring instrument,
presenting an object, and observing an object. In aspect B2, the data showed that one of
nine lesson plans (PS7) which indicated in reporting an observation and exploring relation
between variables.

In post-lesson plans, the result showed that seven out of nine (PS1, PS2, PS4,
PS5, PS6, PS7, PS8) showed an increasingly number of aspect B1 which covered using
observing an object, observing a physical variable, an observation or measuring instrument,
presenting an object, using a laboratory device, using a lab procedure, and observing an
object. In aspect B2, there was a slightly increase in number of perspectives (PS1, PS4,

PS5, PS6, PS7, PS8). The checked items were a reporting observation, test a prediction a
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theory, explore relation between object and variable, explore relation between variable, and
test a prediction from a guess. There were two lesson plans (PS3 and PS9) that neither

includes aspect B1 nor B2 in both pre and post-lesson plans.

Table 8 Aspect B: Cognitive structure of the task comparing pre and post lesson plan

Pre Post

an observation or measuring instrument 1 3
Use a lab device - 4
a lab procedure - 5
Present an object 2 3
an object - -
Make a material - -
an event occur - -
an object 1 6
a material - -

Observe
an event 5 -
a physical variable 1
Report observation 1 1
Explore relation Objects - -
between Variables - 4
objects and variables 1 2
a prediction from a theory - 1

Test

a prediction from a guess - 4
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- Coding scheme C: Level and nature of student involvement

Aspect C was designed for classifying the nature of labwork tasks whether it is
an open or closed. It was divided into two main groups: 1) degree of openness/closure (C1)
and 2) nature of student involvement (C2). See Table 9.

The results of pre- lesson plans showed that three of nine lesson plan presented
the tasks which were assigned by teacher including posting hypothesis, methods of
handling data collected, equipment to be used, procedure to be followed. Two of nine were
specified by including students including posting hypothesis, methods of handling data
collected, interpretation, conclusion.

The results of post-lesson plans showed the number of tasks designated by the
teacher which included question to be addressed, hypothesis posting, equipment to be
used, procedure to be followed, and methods of handling data collected. Only one lesson
plan revealed that tasks were determined by discussions in the group which showed tasks
specified depend on discussions which were making interpretation and conclusion. There
were four lesson plan showed tasks specified by students which were hypothesis posting,
equipment to be used, methods of handling data collected, interpretation, and conclusion.

The nature of student involvement in aspect C2 was observed. Both pre and
post- lesson plans presented two items including carrying out activity by students in small

groups and students carrying out by individual students. See in Table 9.
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Table 9 Aspect C: The level and nature of student involvement between pre and post lesson

plan
Degree of openness/closure Pre Post
Teacher - 6
Questions to be
Students -
addressed
decided by discuss - -
Teacher 3 1
Hypotheses Students 1 5

decided by discuss - -

Teacher 2 3

Equipment to be
Students - 2
used

decided by discuss - -

Teacher 3 5
Procedures to be

Students - -
followed

decided by discuss - -
Methods of Teacher 1 2
handling data Students 1 3
collected decided by discuss - -

Teacher - -
Interpretations Students 2 4

decided by discuss 1 1

Teacher - -
Conclusions Students 2 4

decided by discuss - 1
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- Coding scheme D: The practical context

This aspect aims to describe task features which are divided into 5 categories
including: duration of task (D1), people with whom the student interacts (D2), information
sources available to the student (D3), types of apparatus involved (D4), and tools available
for processing data (D5) as shown in Table 10.

Data showed that all of pre-lesson plans were planned for a very short duration
(30 minutes). However, there were changes in post-lesson plans. The lessons were planned
for longer period which are an hour-class (PS1, PS2, PS3, PS4, PS5, and PS6) and for three
hour-classes (PS7, PS8, and PS9).

In pre-lesson plans, the data showed that people whom the student interacts
with were including teacher and with other students who were carrying out the same
labwork task. However, it was found that post-lesson plans had shown the combination of an
interaction between the former and latter, and other students who carrying out the same
labwork task. Students interact with students who were demonstrating was also presented.

Information sources available for students most frequently used in pre-lesson
plans were textbooks, PowerPoint presentation, and guiding worksheet. Post-lesson plans
were showed guiding worksheet, PowerPoint presentation, and VDO clip.

Types of apparatus involved in practical contexts were not found n none of pre-
lesson plans. However, they were used in post-lesson plans, including standard laboratory,
everyday equipment, and both standard laboratory and everyday equipment.

Manual calculation was a type for processing data which showed in pre and

post-lesson plan.



Table 10 Aspect D: The practical context between pre and post lesson plan
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Duration of task

Pre

Post

less than 30

9

60 minutes

2-3 hours

People with whom the student interacts

Other students carrying out the same labwork task

Other students who have already completed the task

Teacher

Demonstrator

Others

Information sources available to the student

Guiding worksheet

Textbook (s)

Handbook (on apparatus)

Database

Information sources available to the student

CD-ROM

VDO Clip

Other (PPT. presentation)

Type of apparatus involved

Standard lab equipment

Computer

Everyday equipment

Tools available for processing data

Manual calculation

Computer
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- Coding scheme E: Pedagogical Content Knowledge

This aspect was added from the original tool in order to capture the six of eight
pedagogical content knowledge components including teachers do what with group work
ability (E1), who provide feedback to students (E2), who assesses student works (E3), whom
student will present their assignments to (E4), how teacher communicate to students (E5),
and how to facilitate student to use a new equipment (E6) as shown in Table 11.

The results of pre-lesson plan were not presented the emphasizing of group
work items. They suggested that the use of questioning techniques raising, open issues to
the class, and the used didactic style. People who assessed students’ work were a teacher.
Students presented their experimental idea or proposal to both teachers and peers.
Experimental results were planned to present to teacher and peers. There was no data
showing the focus of familiarity with equipment for student in any pre-lesson plans.

In post-lesson plan, the results showed more focusing on group work ability and
included an teacher evaluation form for teacher in order to assess students’ teamwork
ability. There was no didactic style found in post-lesson plans. Two items which were
checked from post-lesson plan was giving a feedback by using questioning technique from
teacher and peers. People who assessed students’ work were a teacher. Students
presented their experimental idea or proposal to both teachers and peers. Experimental
results were planned to present to teacher and peers. Teacher facilitated students to be
familiar with equipments by raising the questions before trying them, allow student to try out

available equipments as an individual study and as a team study.



Table 11 Aspect E: The PCK comparing pre and post lesson plan

What teachers do with group work Pre Post
Use ice breaking activity at the beginning of semester - -
Discuss about description of group functioning - -
Discuss about dealing with hitchhikers and couch potatoes - -
Discuss about constructive and destructive group behavior - -
Assess students team work ability from teammates - -
Feedback provided to students by Pre Post
Didactic (Tell the answers or comments directly) 3 -
Teachers | Ask the questions 1 7
Open issues to the class 2 1
Didactic (Tell the answers or comments directly) - -
Peers Ask the questions - 4
Open issues to the class - -
Who assesses students work? Teachers Peers
Students work Pre Post Pre Post
Proposals - 1 - -
Lab reports - - - -
Oral presentations 1 2 - -
Posters - - - -
Teamwork 2 7 - -
Others: answering a question in worksheet - 9 - -
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Table 11 (Continued)

Teachers Peers

Students present (following items) to
Pre Post Pre Post

Project ideas presentations (proposal) 3 5 4 5

Final projects presentations 2 2 3 2

Poster presentations - - - -

Familiariarity with equipments Pre Post

raise the questions before trying out available equipments - 5

raise the questions after trying out available equipments - -

try out available equipments as an individual study - 1
Students

try out available equipments as a team study - 1

raise the questions as ideas driven - 3

raise the questions as equipments driven - -

3.2 Results of preservice teachers’ attitudes towards inquiry-based teaching

Attitude towards inquiry-based teaching questionnaires were collected from
participants a week before conducting IBT program and four weeks after finishing IBT
program. The questionnaires are including 26 items of six Likert-point scale and open-
ended questionnaires.

The results of pretest and posttest score are shown in Table12. The mean of
pretest score on the attitude towards inquiry-based teaching was 110 of 156 possible whilst
the mean posttest score was 114. This difference was not statistically significant (t = 1.125,
p < 0.05). However, the mean scores of the four subcomponent categories were also
analyzed. The results showed that subcomponent | was significantly difference (t = 0.0155,
p < 0.05), though; the subcomponent Il, Ill, and IV were not significantly difference as
shown in Table 13 Statements that generated the highest posttest group mean scores of
each subcategory are including; 1) subcategory I: | will enjoy teaching the inquiry lab in my
class and | will enjoy helping students create science equipment for inquiry lab ( X =4.78),

2) Subcategory II: Teaching science process is important for science classroom ( X =5.56),
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3) Subcategory I1l: Teaching inquiry lab requires a lot of effort ( X = 4.89), 4) Subcategory

IV: | feel comfortable to teach science inquiry in my class. ( X =4.89).

Table 12 Comparisons of mean pretest and posttest scores for attitude towards inquiry-

based teaching

n X SD t-value
Pretest 9 110 14.01 1.125
Posttest 9 114 9.54

Table 13 Comparisons of mean pretest and posttest subcomponent category scores for

attitude towards inquiry-based teaching

Pretest Posttest
Subcomponent category Mean SD Mean SD t-value
1. Construction and manipulation of 4.43 1.13 4.67 0.85 0.0155*
inquiry-based equipment
2. Need for inquiry-based in the 4.64 0.91 4.82 0.89 0.2821
school curriculum
3. Time necessary to teach inquiry- 4.33 0.97 4.28 1.11 0.7827
based class
4. Comfort and ease of teaching 3.51 1.00 3.22 0.93 0.0855
inquiry-based

3.3 Findings of preservice teachers’ skills concerning effective lab teaching

Participants applied their lesson plan to teach in microteaching both pre and

post program. The IOP were used as a research tool for observing inquiry behavior of both

preservice teachers and students in microteaching.

IOP includes 27 statements to observe teacher behavior’'s and students’

behaviors, which subdivided into 3 categories of behavior. Each category has behavior

code as following;



92

Category 1: Students’ behaviors- 10 items

SB1= explored phenomena or processes, SB2 = used multiple instructional
materials, SB3 = investigated or solved problems, SB4 = represented phenomena using a
variety of means, SB5= made predictions, estimations, and/or hypotheses, SB6= devised
means for testing predictions or hypotheses, SB7= compared predictions, methods,
hypotheses, results, or conclusions, SB8= assessed predictions, methods, hypotheses,
results, or conclusions, SB9= generated alternative solution strategies or ways of
interpreting evidence, SB10= communicated relevant ideas to others using any means.

Category 2: Teachers’ behaviors- 6 items

TB1= created opportunities for students to practice critical thinking, TB2 =
created opportunities for, or solicited participation of, students, TB3= provided students with
appropriate support, TB4 = provided students with appropriate guidance, TB5 = utilized
student contributions used multiple approach, TB6 = created opportunities for student
collaboration.

Category 3: Students’ specific behavior- 11 items

SSB1= listening to the instructor talk, SSB2= listening to a student talk, SSB3=
interacting directly with instructor (responding to or asking questions of the instructor)
SSB4= discussing relevant class material with each other (data/results concepts, debating,
asking questions) SSB5= reading class materials (handouts, notes, papers, etc.) SSB6=
engaging in minds-on activity (solving problems, reflecting on work, drawing conclusions)
SSB7= transferring information to written form (filling out worksheets, taking notes, taking
tests) SSB8= replicating science (following explicit procedures, verifying known
phenomena, collecting data), SSB9= practicing science (formulating questions to
investigate, designing ways to answer questions), SSB10= undetermined (i.e., staring),
SSB11= Other.

Comparing the results between pre and post-microteaching, students and
teachers behaviors can be categorized into three main groups as following; 1) increase and
increase (+, +), 2) increase and unchanged (+, 0), and 3) decrease and unchanged (-, 0)

as shown in Table 14.
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Table 14 Concurrence between students and teachers behaviors categories

Teacher behavior
Student Behavior
Increase + Unchanged 0 Decrease -
Increase + PS3, PS4, PS5, PS6, PS7 PS1,PS8,PS9 None
Unchanged 0 None None None
Decrease - None pS2 None

According to Table 14, five of nine preservice teachers are categorized in
increase and increase group (+, +) which indicated that they are enable to enhance both
students’ performance and their own performances to facilitate inquiry learning behavior.
Three of nine preservice teachers are in increase and unchanged category (+, 0) which
mean that they showed the progression in improving students’ behaviors regarding inquiry-
type, nevertheless; their performances remained at the same level as in pre-microteaching.
There was; however, one preservice teacher who was identified into decrease and
unchanged group (-, 0) implying that students’ behaviors concerning inquiry were less than
what in the pre-microteaching, yet; teacher’s behaviors was still at the same level as in the
pre-microteaching.

The comparison of students and teacher behaviors during pre and post-
microteaching of each preservice teacher were shown in Figure 14. The results showed that
PS1, PS3, PS4, PS5, PS6, PS7, PS8, and PS9 enabled students to perform inquiry-type
behaviors, however; PS1, PS8 and PS9 showed no improvement teacher’s inquiry behaviors
at the same level. Only PS 2 who decreased student’s behaviors and teacher’s behavior

was unimproved.



94

S
8
7
6 Pre-Micro
The 5 Teaching
Number 4 |
of Post-
Behaviors 3 B Micro
2 ] Teaching
1
0

5Bi1 SB2 SB3 SBs SBg SB6  SBy SB8 SBg  SBio

Codes of Student Behaviors

Figure 15 Pre and post microteaching student behaviors (SB)

The overall of students’ behavior during pre and post-microteaching are presented
in Figure 15. Pre-microteaching data were shown that students frequently engaged in four
kinds of behaviors including: used multiple instructional materials, investigate or solved
problems, described phenomena using a variety of means, communicated relevant ideas to
others using any means and post-microteaching data were presented six kinds of behaviors
as following: explore phenomena or process, used multiple instructional materials,
investigate or solved problems, represented phenomena using a variety of means,
generated alternative solution strategies or ways of interpreting evidence, communicated
relevant ideas to others using any means.

Based on the observation, it was shown that there were two behaviors which
increased in post-microteaching including SB1 explored phenomena or process and SB 9
generated alternative solution strategies or way of interpreting evidence. However, SB5-

SB8 were never been checked during 30 minutes microteaching.
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Figure 16 Pre and post microteaching teacher general behaviors (TB)

Comparing teachers’ behavior during pre and post-microteaching, it was found
that preservice teachers performed four types of behaviors in pre-microteaching including
TB2 created opportunities for , or solicited participation of, students, TB3 provided students
with appropriate support, TB4 provided students with appropriate guidance, TB5 utilized
student contributions used multiple approach ,and TB6 create opportunities for student
collaboration.

In post-microteaching, data were revealed that preservice teachers performed
three kinds of behaviors which are TB2 created opportunities for , or solicited participation
of, students, TB3 provided students with appropriate support, TB4 provided students with
appropriate guidance, TB5 utilized student contributions used multiple approach, and TB6

create opportunities for student collaboration.
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3.4 Preservice teachers’ satisfaction towards program

Satisfaction towards program questionnaire was assessed by participants after
participating in IBT program. The questionnaire includes 28 items using 5 Likert scales. The

results present in Table 15.

Table 15 Preservice teachers’ satisfaction towards program

Mean
The item consideration S.D. linterpretation

(N=9)

1. Activity and process 4.85 |0.14 Highest

2. Contents 474 | 0.21 Highest

3. Professional developer/facilitator 4.83 | 0.19 Highest

4. Facilities 4.84 |0.18 Highest

5. Overall program 4.88 | 0.19 Highest

The satisfaction mean scores of item considerations were between 4.74 — 4.88,

indicating that participants in this study had the highest satisfaction towards the program.

3.5 Qualitative Data
Field note and journal
- Cooperative teamwork
At the beginning of the program, cooperative teamwork activity was one of
the key components that aimed to support preservice teachers’ inquiry-based learning. This
activity was intended to prepare them to work in a cooperative group which in turn they will

be able to prepare their students in the future as well.
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Based on the observation of teamwork make it work activity, it was found out that
there was a conflict between male and female idea regarding what should be called a good

role member in a team. During the discussion, all of male participant believed that

To make a group work moresuccessful it's very important to have
someone who takes control other members. Otherwise, you will discuss

all day and it will never be ending

On the other hands, female participants believed that

It's important to listen to the whole group ideas, even if it may take longer time.
If you take too much leader role, it means that you don’t want to accept other

peoples’ ideas.

- Technical term and English vocabulary
In an IBT program, participants had not only experienced science inquiry
process, but science content was also integrated into a lesson. One difficulty that occurred
during the program was an issue concerning technical term in English. Researcher
frequently used science technical term in English, i.e. boiling point and melting point. This
was an issue that researcher had not anticipated. Before leaving the program every times,
participants had a freedom opportunity to write “Got and Need” on post-it paper. After the
end of the day, the notes were collected. This was allowed participants to speak out what
they thought and what they felt towards each activity of a day. Moreover, researcher could
have a chance to evaluate every session informally and allowed researcher to adjust or
modified the activities based on participants’ needs. As a result, researcher had added a
session to talk about some terminologies that participants should know at the beginning of
each session.
- Technological Pedagogical Content knowledge
In this study, participants had to conduct mini-inquiry-based projects in a
group. This allowed them to experience as an inquiry learner, so that they would have a
sense of problem and difficulty that possibly happened in a class. Based on the

observation, preservice teachers had a little knowledge concerning technology and
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computer skills in a classroom. During analyzing data session, participants were introduced
to a program computer which commonly used in a science classroom such as Microsoft
Office Excel, free online educational website or software programs. However, most of
participants exposed that they had never known about such program and do not know how
to use it effectively. Participants wrote on post-it paper during “Got and need” and asked for

more session talking and practicing about technology and computer skills in a classroom.



CHAPTER 5

CONCLUSION AND DISCUSSION

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

and recommendation for further research.

Research objectives

1. To identify and contribute Pedagogical Content Knowledge (PCK) to inquiry -
based teaching from the case study of experienced instructional team.

2. To design an Inquiry-Based Teaching professional development program via the
identified PCK findings.

3. To evaluate the use of an Inquiry-Based Teaching professional development
program effects on preservice teachers’ knowledge, attitudes and skills concerning inquiry-

based teaching.

Research question
How does an Inquiry-Based Teaching program via PCK and UbD affect biology
preservice teachers’ Knowledge (K), Attitudes (A), and Skills (S) concerning effective lab

teaching?

Research hypothesis
The hypothesis of this study is as following:
An IBT program will enable preservice teachers to improve their effective inquiry

lab-based teaching in terms of knowledge, attitudes and skills.

Research participants
The participants were volunteers from senior year of education (science) students at
university in a central of Thailand. (Total 11 preservice teachers, however; two of them did

not conduct in post-program)
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Research methodology
1. Development of IBT Program

- Reviewing literature

- Designing and planning for qualitative phase study (Identifying PCK)

- Developing a draft IBT program

- Verifying the quality of the IBT program by experts

- Revising the draft IBT program

- Piloting the IBT draft Program

2. Implementation of the IBT Program
- Implementation the IBT program with 11 preservice teachers
3. Evaluation the use of IBT Program

- Evaluated participants’ reactions by using attitude toward inquiry-based
teaching questionnaire and participants’ satisfaction toward IBT program

- Evaluation of participants’ learning by using PolL and IOP for evaluating
preservice teachers’ knowledge and skills in science inquiry-based teaching.

To develop an IBT program, six steps were applied including: 1) reviewing
literature and basic information, 2) identifying PCK in an undergraduate inquiry-based
biology laboratory program 3) designing a draft IBT program 4) evaluating the draft
program by experts 5) piloting the draft IBT program and revising 6) implementing and

evaluating IBT program
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Conclusions

1. Identifying and contributing Pedagogical Content Knowledge (PCK) to inquiry lab
-based teaching from the case study of experienced instructional team.

The related literatures and basic information were reviewed to create a
framework for designing a program. On purpose, identifying PCK in an undergraduate
inquiry-based biology laboratory program from 10-year-experiences instructors revealed
that to facilitate learner leaning inquiry, teachers need to be prepared for several types of
knowledge and skills. Therefore, teachers need both knowledge of science content and the
processes of science along with a variety of specific pedagogical strategies—PCK. The
findings at this stage suggested eight PCK strategies that contributed to the effectiveness of
this popular and successful biology laboratory course. These PCK components are:
cooperative teamwork; constructive feedback; peer partnering; doing science as process;
communication; team teaching; reminders and repetition; and familiarity with equipment.
The data advocatethe claim that PCK is a promising way to minimize the gap between

university science programs and educational programs for science teacher education.

2. Development of IBT Program

2.1 The evaluation of the activity guidebook

The result of appropriateness evaluation of activity guidebook exhibited mean
scores between 4.06 and 5.00 indicating that the level of appropriateness at all lists were
highly appropriate. The content validity (CVI) showed mean scores between 0.80 — 1.00,
indicating that every unit was valid. The item-objective congruence (IOC) showed mean
scores between 0.60 — 1.00, indicating that every unit of evaluation is consistent with one
another.

2.2 The evaluation of writing and presenting manual

The writing and presenting manual were evaluated for the appropriateness. The
result indicated that the level of appropriateness were the highest. The CVI mean scores of

every component was 1.00, indicating that the writing and presenting manual were valid in
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all lists. The IOC showed mean scores at 1.00, indicating that every component evaluated
by experts is consistent with one another.
2.3 The evaluation of lesson plan
The result of appropriateness evaluation showed mean scores between 4.60
and 5.00, indicating that the appropriateness of lesson plan at all lists were highest. The CVI
mean scores of every unit was at 1.00, indicating that the lesson plans were valid. The I0C
presented mean scores between 0.60-1.00 which indicates that every component in lesson
plans is consistent with one another.
2.4 The evaluation of research assessment tools
To answer a research question, three main research tools were applied in
this study including: a modified Profile of Labwork Tasks (PoL) checklist tool, attitude
towards science inquiry lab questionnaire, and a modified Inquiry Observational Protocol
(IOP). The quality of each research instrument was verified. The results of CVI and the I0C
of Pol, attitude questionnaire, and IOP assessment tools showed mean scores at 1.00,
indicating that every assessment tool was valid and also consistent with one another. In
addition, some experts provided some suggestions such as editing some terminology and
wording used in assessment tools, format, and tasks. Attitude questionnaire was further
tested for internal consistency by applying to 21 preservice teachers who are not
participants of the actual main study. The Cronbach alphas coefficient was used for
calculating the internal consistency The Cronbach alphas coefficient score was 0.77 which
means attitude towards science inquiry lab questionnaire was accepted for internal
consistency.
3. The use of an Inquiry-Based Teaching professional development program.
3.1 Preservice teachers’ knowledge concerning effective lab teaching
The result from post-lesson plans showed the improvement of labwork tasks
in five aspects based on the PoL checklists. The data for exploring preservice teachers’
knowledge concerning lab teaching were collected and examined qualitatively, however;
they were analyzed quantitatively by counting the number of times of components in each

aspect occurred. The results indicated that an IBT program has an affect to preservice
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teachers’ knowledge concerning inquiry-based teaching. The evidence came from the
increasing number of components used in the post-lesson plan. However, the results

revealed the limitation and obstacles that occured during participants’ learning.

3.2 Preservice teachers’ attitudes toward inquiry-based teaching

According to the research objective, it was expected that after preservice
teachers have participated in the program, they would show a higher attitude score. The
results showed that the mean of pretest score was 110 whilst the mean posttest score was
114. Even if, this comparing pretest and posttest attitude were shown higher score, this
difference was not statistically significant (t = 0.60, p < 0.05). The mean scores of the four
subcomponent categories were also analyzed in order to determine which components that
affect to preservice teachers’ attitude. Thus, the results showed that subcomponent |
(construction and manipulation of inquiry-based equipment) was the component which
showed a significant difference with a positive direction (t = 0.0155, p < 0.05). This
confirmedthat the IBT program was effective in promoting attitude toward inquiry-based
teaching in construction and manipulation of inquiry-based equipment after taking part in
the program.

3.3 Preservice teachers’ skills concerning effective lab teaching

Comparing the results between pre and post-microteaching, students behaviors
and teachers behaviors were categorized into three main groups as follows; 1) increase -
increase (+, +), 2) increase-unchanged (+, 0), and 3) decrease-unchanged (-, 0). The
majority of participants (five preservice teachers) were in increase and increase group (+,
+), three of participants were in increase and unchanged category (+, 0) and one case was
in decrease and unchanged group (-, 0).

3.4 Preservice teachers’ satisfaction toward program

The satisfaction mean scores of item considerations were between 4.74 — 4.88,
indicating that participants in this study had the highest satisfaction toward the program.
The item considerations were including 1) activity and process, 2) contents, 3) professional

developer/facilitator, 4) facilities, 5) overall program.
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Discussion

In this study, PCK regarding inquiry-based laboratory teaching was identified and
captured from interviews with the instructional team and observations of numerous data
sources (including documents, classroom field note observations, and interviews). We found
that this instructor team set high expectation for students to learn science. In addition, the
findings from the data sources revealed a variety of pedagogical strategies that instructors
believed, and used to facilitate students to achieve the learning goals. These findings are
also consistent with previous studies that aim to promote collaborative skills, the crucial
component of the nature of scientific inquiry (America Association for the Advancement of
Science. 1990; De Jong; & Van Driel. 2005; Gess-Newsome; & Carlson. 2009; Madeira; &
Slotta. 2009; Musikul; & Abell. 2009).

The derived PCK was then applied as a framework to develop the IBT program
regarding inquiry-based teaching. The evaluation of the program implementation was
conducted by focusing on preservice teachers’ responses and learning through knowledge,
attitude, and skills towards inquiry-based teaching (Guskey. 2000: 79).

The results showed the impact of IBT program on participants’ learning, which is
consistent with prior research that emphasized on characteristics of science inquiry lab
(Kanhathaisong; et. al. 2009; Tongpan; Udom; & Tebnual. 2009; Werner. 2007; Cianciolo; &
Atwell. 2006).The evidence showed that when teacher practiced inquiry behavior in a
classroom, students tended to imitate the inquiry behavior as well. In addition, the
interactions among students and between students and teachers were increased when
applying inquiry-based learning. This is an essential behavior that should present in inquiry
actions (Harlen. 2004). For inquiry-based teaching in practice, students should have an
opportunity at least one experimental component to make a decision by themselves. For
instance, students should be given an opportunity to raise their testable questions, decide
their own hypothesis, or create the method used for answering experimental question
(Heady. 1993; Luckie; et al. 2004; Thornton. 1972). Even though this study has shown a

slight change of behavior of teacher and students, teachers should demonstrate a shift on
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behavior from traditional teacher center to student center in order to effectively promote
inquiry-based teaching.

According to the previous study, the significant change happens after at least 80
hours of practicing or at least one year (Harlen. 2004). Although this study may have been
limited by a duration of 45 hours, the research findings provided a directional change in
teaching which supported the call for appropriate responses regarding laboratory teaching
and learning concerning effective laboratory teaching experience for teachers (NRC. 2006:
ES-8; ONEC. 1998). This study was also conducted in a small scale (eleven preservice
teachers) since it allowed the researcher to get insight into of what can be some possible
obstacles that may impede preservice teachers’ learning in the inquiry-based teaching.

The result also showed that improvement in knowledge and skills needed for
inquiry-based did not happen to all preservice teachers participated due to an external
uncontrolled factor and time allocation. For instance, the informal interviews were conducted
after microteaching and one preservice teacher, who performed a little inquiry behavior,
expressed that ‘s/he does not want to apply inquiry-based approach in her/his class at
school. S/he actually attempted to adapt the activity in her/his class during the time s/he
taught in a practicum teaching at school. However, his/her cooperative teacher did not think
that inquiry-based approach worked since such approach took too much time. Therefore,
the important content was lost and s/he was not allowed to use inquiry-based approach
during practicum teaching. This finding is consistent with previous studies, which reported
that most science teachers are often lack of an awareness of enhancing students’ inquiry
process and thinking skills. They are generally worried about content, techniques, and
concepts, which could possibly lead to misconceptions when using such labs. Besides,
they are not willing to develop pedagogical skills to create learning activities that specially
design for those essential lives of skills (Zohar. 2004; French; & Russell. 2006: 204).

Even though the participants’ satisfaction toward IBT program is at the highest rate,
their attitude toward inquiry based teaching were not significantly different. This finding was
similar to other studies which indicated that students are ambivalent about inquiry lab after

learning such approach. They are uncertain to utilize inquiry-based approach due to the



106

amount of effort required, and organizational skills needed. (Henderson; & Buising. 2001;
Stukus; & Lennox. 1995; Sundberg; & Moncada. 1994, French; & Russel. 2006: 208.)
However, teachers who attend with more than eight hours of professional development were
more likely to report the changes in practice (National Center for Education Statistics. 2001)
and 80 or more hours tend to produced more inquiry-oriented teaching practice and 160 or
more hours of PD result in changes in traditional classroom culture. (Supovitz; & Turner.
2000) Therefore, it takes a long period of time and much effort to challenge typical didactic
style and promote science inquiry approach to students (Frederickson; & Dana. 2003; Gess-
Newsome. 1999; Qablan; et al. 2009).

This study anticipated that it will help preservice teachers develop and prepare
their knowledge, attitude, and skills needed for an inquiry-based teaching through IBT
program. This exposure served as an opportunity for preservice teachers to learn as a
science inquirer and a science inquiry facilitator. Hence, they can immerse experiences in
what they needed to include in lesson planning and to scaffold their beginning skills for
inquiry-based teaching. As indicated in the results of this study, this professional
development had an impact on majority of preservice teachers regarding knowledge,
attitude, and skills. However, preservice teachers need a long term immersion experiences.
Additional, explicitly integrated inquiry based-learning during the coursework in an
undergraduate curriculum and follow-up on continuing professional development program
(CPD) are required to facilitate preservice teachers for implementing the inquiry-based

approach in their future career.
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Recommendations
The recommendations from the research findings
1. Suggestion for preservice teachers

The results of this study indicated that science preservice teachers need
specific support and professional development for inquiry-based experience. Educational
discipline and science discipline should be cooperatively worked to promote and develop
preservice both pedagogical and content knowledge together. Moreover, the university and
school where the preservice will have a practicum teaching should work collaboratively in
order to support preservice learning both in theorectical and practical context, especially a
supervisor from the university and cooperative teacher at school

2. The recommendation for the future research

This research focused on developing preservice teachers’ knowledge,
attitude and skills needed for inquiry-based teaching. For further research, there should be
the study on

1. The effects of preservice teachers’ implementation of their lesson plan on
organizational support and change and students’ learning outcome during the first year
teaching in practicum teaching context.

2. The effects of preservice teachers’ implementation on organizational
support and change and students’ learning outcome after transferring to their professional
careers.

3. The induction program for inquiry-based teaching should be considered
to support, facilitate, and mentor.

4. The technological pedagogical content knowledge (TPCK) should be

considered to support science preservice teachers’ learning.
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Results of Professional Development Program Evaluation
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Criteria of the Professional Development Program Evaluation

1. The appropriateness level of each material is ranged as follows:

The appropriateness level Scale value (points)
Highest level 5
High level 4
Moderate level 3
Low level 2
Lowest level 1

The data from the draft evaluation form is analyzed by calculating the mean scores and

assigned weightings as follows:

Mean scores Appropriateness level
4.50-5.00 Highest

3.50-4.49 High

2.50-3.49 Moderate

1.50-2.49 Low

1.00-1.49 Lowest

The acceptable score for the level of appropriateness is higher than 3.50.

2. The Content Validity Index (CVI) and ltem-Objective Congruence Index (IOC) were
analyzed and calculated as follows:

Scale value (points)

Consistent +1
Not sure 0
Inconsistent -1

The acceptable score for CVI and IOC are higher than 0.5.
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THE RESULT OF EVALUATION ON THE APPROPRIATENESS OF THE DRAFT ACTIVITY

GUIDEBOOK

N=5 Level of

List of evaluation
Mean S.D. appropriateness

Introduction 1 5.00 0.00 Highest
Introduction 2 5.00 0.00 Highest
Unit 1: Let's make your popcorn! 4.60 0.48 Highest
Unit 2: Blood circulation 5.00 0.00 Highest
Unit 3: Nervous system 4.60 0.48 Highest
Unit 4: Excretory system 5.00 0.00 Highest
Unit 5: UbD Lesson plan 4.60 0.48 Highest

THE RESULT OF EVALUATION ON CONTENT VALIDITY INDEX OF DRAFT ACTIVITY

GUIDEBOOK
N=5
The item consideration Interpretation
CVI Sib.

Introduction 1 1.00 0.00 Consensus
Introduction 2 1.00 0.00 Consensus
Unit 1: Let's make your popcorn! 1.00 0.00 Consensus
Unit 2: Blood circulation 1.00 0.00 Consensus
Unit 3: Nervous system 1.00 0.00 Consensus
Unit 4: Excretory system 1.00 0.00 Consensus
Unit 5: UbD Lesson plan 0.80 0.44 Consensus




THE RESULT OF EVALUATION ON
ACTIVITY GUIDEBOOK
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ITEM-OBJECTIVE CONGRUENCE OF DRAFT

The item consideration N=° Interpretation
I0C S.D.
Introduction 1 1.00 0.00 Consistent
Introduction 2 1.00 0.00 Consistent
Unit 1: Let’s make your popcorn! 0.60 0.54 Consistent
Unit 2: Blood circulation 1.00 0.00 Consistent
Unit 3: Nervous system 0.60 0.54 Consistent
Unit 4: Excretory system 1.00 0.00 Consistent
Unit 5: UbD Lesson plan 0.60 0.54 Consistent

THE RESULT OF EVALUATION ON THE APPROPRIATENESS OF DRAFT WRITING AND

PRESENTING MANUAL

List of evaluation N=5 Level of
Mean S.D. appropriateness
1. Why do we need to write? 5.00 0.00 Highest
2. Beware of being a robber: Avoiding | 5.00 0.00 Highest
plagiarism
3. Structure of mini project proposal 5.00 0.00 Highest
4. Structure of mini project report 5.00 0.00 Highest
5. What is constructive feedback? 5.00 0.00 Highest
6. How to make a good presentation? 5.00 0.00 Highest
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THE RESULT OF EVALUATION ON CONTENT VALIDITY INDEX OF DRAFT WRITING

AND PRESENTING MANUAL

List of evaluation N=o Interpretation
CVvl | S.D.
1. Why do we need to write? 1.00 | 0.00 Consensus
2. Beware of being a robber: Avoiding plagiarism 1.00 | 0.00 Consensus
3. Structure of mini project proposal 1.00 | 0.00 Consensus
4. Structure of mini project report 1.00 | 0.00 Consensus
5. What is constructive feedback? 1.00 | 0.00 Consensus
6. How to make a good presentation? 1.00 | 0.00 Consensus

THE RESULT OF EVALUATION ON ITEM-OBJECTIVE CONGRUENCE OF WRITING

AND PRESENTING MANUAL

The item consideration i Interpretation
IOC | S.D.
1. Why do we need to write? 1.00 | 0.00 Consistent
2. Beware of being a robber: Avoiding plagiarism 1.00 | 0.00 Consistent
3. Structure of mini project proposal 1.00 | 0.00 Consistent
4. Structure of mini project report 1.00 | 0.00 Consistent
5. What is constructive feedback? 1.00 | 0.00 Consistent
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THE RESULT OF EVALUATION ON THE APPROPRIATENESS OF DRAFT LESSON PLAN

N=5 Level of
List of evaluation
Mean | S.D. appropriateness

Introduction 1 5.00 | 0.00 Highest
Introduction 2 5.00 | 0.00 Highest
Unit 1: Let’s make your popcorn! 5.00 | 0.00 Highest
Unit 2: Blood circulation 5.00 | 0.00 Highest
Unit 3: Nervous system 5.00 | 0.00 Highest
Unit 4: Excretory system 5.00 | 0.00 Highest
Unit 5: UbD Lesson plan 4.60 | 0.48 Highest

THE RESULT OF EVALUATION ON CONTENT VALIDITY INDEX OF DRAFT LESSON

PLAN
N=5
The item consideration Interpretation
Cvl | S.D.

Introduction 1 1.00 | 0.00 Consensus
Introduction 2 1.00 | 0.00 Consensus
Unit 1: Let's make your popcorn! 1.00 | 0.00 Consensus
Unit 2: Blood circulation 1.00 | 0.00 Consensus
Unit 3: Nervous system 1.00 | 0.00 Consensus
Unit 4: Excretory system 1.00 | 0.00 Consensus
Unit 5: UbD Lesson plan 1.00 | 0.00 Consensus
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THE RESULT OF EVALUATION ON ITEM-OBJECTIVE CONGRUENCE OF DRAFT

LESSON PLAN

The item consideration N=° Interpretation
IOC | S.D
Introduction 1 1.00 | 0.00 Consistent
Introduction 2 1.00 | 0.00 Consistent
Unit 1: Let’'s make your popcorn! 1.00 | 0.00 Consistent
Unit 2: Blood circulation 1.00 | 0.00 Consistent
Unit 3: Nervous system 1.00 | 0.00 Consistent
Unit 4: Excretory system 1.00 | 0.00 Consistent
Unit 5: UbD Lesson plan 0.60 | 0.54 Consistent

THE RESULT OF CONTENT VALIDITY INDEX AND ITEM-OBJECTIVE CONGRUENCE

(10C)

N=3 N=3 Interpretation
The item consideration
CVI | S.D. | IOC | S.D. | (CVI,LA,IOC)
1. Profile of Labwork Tasks (PolL) Consensus,
1.0 1 0.00 | 1.00 | 0.00
checklist tool Consistent
2. Attitude towards science inquiry lab Consensus,
1.0 { 0.00 | 1.00 | 0.00
questionnaire Consistent
Consensus,
3. Inquiry Observational Protocol (IOP) 1.0 { 0.00 | 1.00 | 0.00
Consistent

The Cronbach alphas coefficient score was 0.77, which means that attitude

towards science inquiry lab questionnaire was acceptable.
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Profile of Labwork
(Adapted from Millar, Tiberghien and Marechal. 2002)

Aspect A: Intended learning outcome comparing pre and post lesson plan

Content | identify objects and phenomena and become familiar with them

learn a fact (or facts)

learn a concept

learn a relationship

learn a theory/model

Process | learn how to use a standard laboratory instrument or piece of apparatus

learn how to carry out a standard procedure

learn how to plan an investigation to address a specific question or
problem

learn how to process data

learn how to use data to support a conclusion

learn how to communicate the results of labwork




Aspect B: Cognitive structure of the task comparing pre and post lesson plan
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What students are intended to do with objects and observables

(tick one or more boxes)
an observation or measuring instrument
Use a laboratory device or arrangement
a laboratory procedure
Present or display an object
an object
Make a material
an event occur
an object
Observe a material
an event
. a physical quantity (a variable)
: What students are intended to do with ideas (tick one or more boxes)
Report observation(s)
Identify a pattern

Objects

Explore relation
between

physical quantities (variables)

objects and physical quantities (variables)

Invent' (or 'discover’)

a new concept (a physical quantity, or an entity)

Determine the value of a physical quantity which is not measured directly

from a guess
Test a prediction from a law
from a theory (or model based on a theoretical framework)
in terms of a given law
in terms of a given theory (or model)
Account for by proposing a law
observations

by proposing a theory (or model)
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Aspect C: The level and nature of student involvement between pre and post lesson

plan
Degree of openness/closure (tick one box in each row)
Aspect of labwork task specified by decided by chosen by
teacher discussion students

Question to be addressed

Equipment to be used

Procedure to be followed

Methods of handling data collected

Interpretation of results

Nature of student involvement

(tick one box)

Demonstrated by teacher: students observe

Demonstrated by teacher; students observe and assist as directed

Carried out by students in small groups

Carried out by individual students

Aspect D: The practical context between pre and post lesson plan

Duration of task

(tick one box)

Very short (less than 20 minutes)

Short (one science lesson, say, up to 80 minutes)

Medium (2 - 3 science lessons)

Long (2 weeks or more)

People with whom the student interacts (tick one or more boxes)

Other students carrying out the same labwork task

Other students who have already completed the task

Teacher

More advanced students (demonstrators, etc.)

Others (technician, glassblower, etc.)

Information sources available to the student (tick one or more boxes)

Guiding worksheet

Textbook(s)

Handbook (on apparatus), data book, etc.

Computerised database

Other

Type of apparatus involved

(tick one box)

Standard laboratory equipment

Standard laboratory equipment + interface to computer

Everyday equipment (kitchen scales, domestic materials...)

Source of data

(tick one box)

Real world: inside laboratory

Real world: outside laboratory

Simulation on computer or CD-ROM

Video recording

Text

Tools available for processing data (tick one or more boxes)

Manual calculation

Computer
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Aspect E: The PCK comparing pre and post lesson plan

E 1 What teachers do with group work (tick one or more boxes)

Use ice breaking activity at the beginning of semester

Discuss about description of group functioning

Discuss about dealing with hitchhikers and couch potatoes

Discuss about constructive and destructive group behavior

Assess students team work ability from teammates group effort analysis

Others (please indicate)

E 2 Feedback provided to students by (tick one or more boxes)
Didactic (Tell the answers or comments directly)
Teachers Ask the questions

Open issues to the class (e.g. What do others think?)

Didactic (Tell the answer or comment directly)

Peers Ask the guestions
Open issues to the class (e.g. What do others think?)
E 3 Who reviews or assesses students work? (tick one or more boxes)
Students work Teachers only Peers only Teachers
and Peers
Proposals
Lab reports
Oral presentations
Posters
Others (please indicate)
E 4 Students present (following items) to ... (tick one or more boxes)
Items Teachers only Peers only Teachers
and Peers
Project ideas presentations (proposal)
Final projects presentations
Poster presentations
E 5 How often do team teachers meet? (tick one box)
After every class
Once a week

Twice a month

Once a month

E 6 Team teaching responsibility (tick one box)

Each teacher has special responsibility and clearly separate the role in and outside classroom
(e.g. Announcing, Leading discussion, Setting lab, Collecting students works)

Each teacher does not clearly separate their responsibilities and roles in and outside classroom

E 7 Teachers communicate (following items) through... (tick one or more boxes)
Course Lab or Others
Items Syllabus Writing Writing on Board | Announcement | Email (please
Manual indicate)
Goals

Learning objectives

Expectations

Activities
Assighments
Hand in date
E.8 Familiariarity with equipments (tick one or more boxes)
raise the questions before trying out available equipments
raise the questions after trying out available equipments
Students try out available equipments as an individual study

try out available equipments as a team study

raise the questions as ideas driven

raise the questions as equipments driven
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Example of qualitative data

Impress of the program
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APPENDIX D

The example of pictures of activity from IBT program
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The example of pictures of activity from IBT program

1) Pre-microteaching

~wp1ea G
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4) Oral presentation

5) Kidney Function Simulation
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7) Post-microteaching
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