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PROFESSIONAL DEVELOPMENT FOR PRIMARY SCIENCE TEACHING IN
THAILAND: KNOWLEDGE, ORIENTATIONS, AND PRACTICES OF
PROFESSIONAL DEVELOPERS AND PROFESSIONAL DEVELOPMENT
PARTICIPANTS

Kusalin Musikul

Dr. Sandra K. Abell, Dissertation Supervisor

ABSTRACT
The purpose of this study was to examine an entire PD project as a case to
understand the dynamic nature of science PD in a holistic manner.
I used a pedagogical content knowledge model by Magnusson, Krajcik, and
Borko (1999) as my theoretical framework in examining the professional developers’ and
teacher participants’ knowledge, orientation, and practice for professional development
and elementary science teaching. The case study is my research tradition; I used
grounded theory for data analysis. The primary data sources were interview, card sort
activity, and observation field notes collected during the PD and subsequently in teacher
participants’ classrooms. Secondary data sources were documents and artifacts that I
collected from the professional developers and teachers.
An analysis of the data led me to interpret the following findings: (a) the
professional developers displayed multiple orientations. These orientations included
activity-driven, didactic, discovery, and pedagogy-driven orientations. The orientations
that were found among the professional developers deviated from the reformed Thai
Science Education Standards; (b) the professional developers had limited PCK for PD,
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which were knowledge of teachers’ learning, knowledge of PD strategies, knowledge of
PD curriculum, and knowledge of assessment.; (c) the professional developers’
knowledge and orientations influenced their decisions in selecting PD activities and
teaching approaches; (d) their orientations and PCK as well as the time factor influenced
the design and implementation of the professional development; (e) the elementary
teachers displayed didactic, activity-driven, and academic rigor orientations. The
orientations that the teachers displayed deviated from the reformed Thai Science
Education Standards; and (f) the elementary teachers exhibited limited PCK. It is evident
that the limitation of one type of knowledge resulted in an ineffective use of other
components of PCK.
This study demonstrates the nature of PD in the context of Thailand in a holistic
view to understand knowledge, orientation, and implementation of professional
developers and professional development participants. Furthermore, the findings have
implications for professional development and professional developers in Thailand and
include worldwide with respect to promoting sustain and intensive professional
development and developing professional developers.

xiv

CHAPTER ONE: INTRODUCTION
At the time of this study, science still remains one of the most difficult subjects
that elementary teachers struggle to teach. Most primary teachers believe that true
knowledge exists and can be transmitted to another person through explanations and
demonstrations of scientific principles. Tobin and colleagues (1990) stated that the
implementation of science curricula in the elementary science classroom often
emphasizes rote learning and content coverage. The report of Horizon Research (2002)
on the status of elementary school science teaching demonstrated that the majority of
elementary school science teachers heavily emphasized learning basic science concepts,
followed only by increasing students’ interest in science. Fewer than half of elementary
school teachers placed a heavy emphasis on learning important terms and facts of science
and learning science process/inquiry skills. The report also showed that elementary
school science teachers lack content preparation, especially in the physical sciences.
Relatively few science teachers in grades K–5 felt well-qualified to teach specific science
disciplines. The obstacles to elementary science teaching include lack of science
knowledge, insufficient facilities and equipment, and teachers’ attitudes and confidence
in teaching science (Abell & Roth, 1992; Appleton, 2003; Davis & Petish, 2005).
In addition to lacking subject matter knowledge in science, research indicated that
the elementary science teachers also have limited pedagogical content knowledge (PCK),
a special form of knowledge that is specific to teaching science. Most elementary science
teachers are unaware that their students hold misconceptions of scientific concepts. Most
of the elementary teachers, especially prospective and novice teachers were afraid of
unexpected problems when they teach science (Zembal-Saul, Krajcik, & Blumenfeld,
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2002). Thus, these teachers usually emphasize rote learning and content coverage.
Although the elementary teachers often use hands-on activities in their science classroom,
many times the teachers’ decision in using the hands-on activity is not to develop
students’ understanding of scientific concepts. Rather, they used hands-on activities to
initiate the students’ interest and make the classroom manageable (Appleton & Kindt,
2002).
Because of the limited knowledge in subject matter in science and limited PCK of
the elementary science teachers, professional development (PD) is needed in order to
address the needs of elementary science teachers. While many science PD projects are
offered to elementary teachers, many PD experiences are intellectually superficial,
disconnected from deep issues of curriculum and learning, fragmented, and noncumulative (Ball & Cohen, 1999). The report of Horizon Research (2002) showed that
elementary teachers believed that opportunities to learn how to teach science to specialneeds students are needed in PD. However, Horizon Research reported that this area was
rarely emphasized in professional development. Thus, PD that is effectively designed and
implemented in response to teachers’ needs is necessary.
As a science educator, one way to improve elementary science is to develop
effective PD that responsive to teachers’ needs. The literature on effective PD is
extensive (see Chapter 2). However, implementing effective PD depends in part on the
knowledge and skills of professional developers. The research literature is virtually silent
on this count. Furthermore, the research says little about the entire process of PD
planning, implementation, and feedback. Most studies instead focus on outcomes without
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defining PD context. If we are to improve the state of PD for elementary science, we need
to more deeply understand each PD context.
Understanding the PD context is even more critical when the PD under study takes place
in another country. In Thailand, the Institute for the Promotion of Teaching Science and
Technology (IPST) has provided PD to K-12 science teachers for many years. However,
we still do not see much change in teachers’ teaching or in students’ learning
achievement in science. The majority of Thai elementary teachers still emphasize science
content coverage using traditional teaching strategies (Soydhurum, 2001). In addition, the
Third International Mathematics and Science Study (TIMSS) (2005) revealed that the
average performance of Thai fourth graders was below the international average and was
well below that of many countries. Thus, in order to improve elementary science teaching
and learning in Thailand, we need to develop a deeper understanding of the nature and
process of PD.
Purpose for the Study and Research Questions
The purpose of this research is to understand the dynamics of PD design, delivery,
and outcomes in Thailand by examining one PD project in a holistic manner. The
research questions that guided my inquiry include:
1. What happens during the professional development workshop?
2. What are professional developers’ orientations to professional development?
3. What do professional developers know about teachers, curriculum,
instructional strategies, and assessment for professional development?
4. What knowledge do professional developers take into account during the
professional development design process?
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5. What happens during classroom teaching that takes place after professional
development?
6. What are professional development participants’ orientations to science
teaching?
7. What do professional development participant know about students,
curriculum, instructional strategies, and assessment for science teaching?
Theoretical Framework
I used the PCK model of Magnusson, Krajcik, and Borko (1999) as the theoretical
framework in order to understand the professional developers’ and teachers’ PCK.
Magnusson et al. (1999) defined PCK as teacher understanding of how to help students
understand a specific subject matter. It includes knowledge of how particular topics,
problems, and issues can be organized, represented, and adapted to the diverse interests
and abilities of learners, and then presented for instruction. They conceptualized PCK for
science teaching as consisting of five components (see Figure 1): (a) orientations toward
science teaching, (b) knowledge and beliefs about science curriculum, (c) knowledge and
beliefs about students’ understanding of specific science topics, (d) knowledge and
beliefs about assessment in science, and (e) knowledge and beliefs about instructional
strategies for teaching science.
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PCK
includes

Orientations to
Science Teaching
which shapes
Knowledge & Beliefs
about Science Curricula

which shapes
which shapes
which shapes

Knowledge & Beliefs of
Students ’ Understanding of
Science

Knowledge & Beliefs about
Assessment of
Scientific Literacy

Knowledge & Beliefs of
Instructional Strategies

Figure1. Components of Pedagogical Content Knowledge for Science Teaching1.
As the researcher, I define pedagogical content knowledge in relation to science
teaching as the type of knowledge that is a result of the transformation of subject matter
knowledge and beliefs, pedagogical knowledge and beliefs, and knowledge and beliefs
about context. With this in mind, I linked this definition of pedagogical content
knowledge with Magnusson et al.’s five central components within pedagogical content
knowledge for this study.
1. Orientations toward teaching science refer to teachers’ knowledge and beliefs
about the purposes and goals for teaching science at a particular grade level. This
component serves as a conceptual map that guides instructional decision.

1

From Nature, Sources, and Development of Pedagogical Content Knowledge for Science Teaching
(Figure 2, p. 99), by Magnusson, S., Krajcik, J., & Borko, H., 1999. In J. Gess-Newsome & N.G. Lederman
(Eds.), Examining pedagogical content knowledge: the construct and its implications for science education.
Kluwer: Dordrecht.
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2. Knowledge of students’ understanding of science refers to the knowledge
teachers must have about students in order to help them develop specific scientific
knowledge. Knowledge of students’ understanding includes knowledge of requirements
for learning and knowledge of areas of student difficulty.
3. Knowledge of science curriculum consists of two categories: knowledge of
goals and objective and knowledge of specific curricular program. Knowledge of goals
and objectives includes teachers’ knowledge of the goals and objectives for students in
the subject they are teaching. It also includes knowledge that students learned before
hand and are expected to learn in the future. Knowledge of specific curricular programs
consists of knowledge of the programs and materials that are relevant to teaching a
particular topic of science.
4. Knowledge of instructional strategies refers to both subject-specific and topicspecific strategies. This also includes the teachers’ abilities to represent a specific concept
or principle in order to facilitate students’ learning, as well as, knowledge of strength and
weakness of particular representations.
5. Knowledge of assessment in science consists of two categories: knowledge of
dimensions of science learning to assess – knowledge of the aspects of students’ learning
that are important to assess within a particular unit of study, and knowledge of methods
of assessment – knowledge of the ways such as knowledge of specific instrument or
procedure, approaches or activities that might be used to assess the specific aspects of
students learning that are important to a particular unit of study.
I believe that the PCK model can also be applied to professional developers. The
PCK model can be applied to my research inquiry in examining the professional
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developers’ knowledge, orientations, and practice in professional development and
primary science teaching. In this study of professional developers’ PCK, I modified
Magnusson et al.’s central components of PCK to science teaching to central components
that represent PCK for professional developers as follows:
(1) Orientations to PD – knowledge of the importance and goals of PD to a
particular group of teachers. It also refers to knowledge of the purposes of PD for a
particular group of teachers or the overarching conceptions of PD for a particular group;
(2) Knowledge of PD curricula – this includes professional developers’
knowledge of the goals and objectives for teachers in the subject they are teaching. It also
includes the knowledge professional developers have about what teachers have learned in
the previous PD. This knowledge also consists of the knowledge of the general learning
goals of Thai primary science curricula as well as the activities and materials to be used
in meeting those goals;
(3) Knowledge of teachers’ understandings of science – knowledge of teachers’
requirement knowledge for teaching including their learning difficulties in particular
science content. This also includes knowledge of teachers’ difficulties in teaching
particular science content;
(4) Knowledge of PD strategies – represents knowledge of specific strategies to
help teachers comprehend specific science concepts in order to facilitate teachers’
learning. This knowledge also includes knowledge of specific strategies in developing
teachers’ PCK. It also refers to knowledge professional developers have about strength
and weakness of particular strategies; and
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(5) Knowledge of assessment – includes knowledge of ways to assess teachers’
learning and knowledge of aspects of teachers’ learning that are important to assess
within a particular unit of study.
Science Education in Thailand
Education reform in Thailand began as a result of the amendment of the
constitution of the Kingdom of Thailand in 1997. The reform stipulates that all
individuals have equal rights to receive education provided by the state for the duration of
at least 12 years. This led to the drafting of the National Education Act of 1999 which
resulted in a large-scale national education reform. A student-centered approach is as the
heart of this reform. Before the reform of science education in Thailand, primary science
was not taught as a separate subject but was incorporated as a part of the Life
Experiences subject. Currently, science is a separate subject that every student has to
learn (Soydhurum, 2001). Goals of the Thai National Science Education Standards
(Ministry of Education [กระทรวงศึกษาธิการ], 2002) are to allow learners to participate in
identification of objectives, activities, and learning methods. The students should think,
do, and learn on their own as well as develop in accordance with their potential, needs,
interests, and aptitude. The teachers in the reform-based curriculum are responsible for
addressing both content and methods for learners, providing an atmosphere conducive to
learning, and suggesting appropriate guidelines for learners with special needs.
In Thailand, both previous and current teacher preparation programs, especially
the primary teachers, lack understanding of science content knowledge and also other
knowledge bases for teaching (Grossman, 1990), such as pedagogical knowledge,
knowledge of context, and pedagogical content knowledge. The previous and current
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curricula have not emphasized developing pre-service teachers’ knowledge and beliefs of
teaching and learning science using inquiry or student-centered approaches. In addition,
there is little or no focus on developing the teachers' abilities to selectively use strategies
that maximize student learning outcomes. Although not many studies focus on teacher
science literacy among Thai teachers, it is safe to say that most primary teachers do not
have enough preparation in science content knowledge, pedagogical knowledge, and
other knowledge bases for teaching science. Inservice and preservice primary teachers
demonstrate limited science knowledge, skills, and experiences necessary in teaching
science.
Because Thailand cannot rely solely on teacher preparation for implementing its
education reform, professional development must be a cornerstone for the
implementation of science reform. In order to help teachers meet the goals of the Thai
education reform, it is necessary for the PD to: (1) help teachers move beyond the
fragmented knowledge they possess to more in-depth structured knowledge; (2) establish
conceptual connections within and across the concepts; (3) connect knowledge that is
required for teaching for understanding; (4) provide enough experiences in the process of
learning from activities that are based on integrated content and process understandings
in order to increase teachers’ confidence and pedagogical understanding; and (5) provide
opportunities for teachers to learn science as it should be taught to students in order to
help them recognize and refine their content understanding that support teaching practice
(Gess-Newsome, 2001; Loucks-Horseley, Love, Stiles, Mundry, & Hewson, 2003).
The Institute for the Promotion of Teaching Science and Technology (IPST) has
the mandate from the Ministry of Education to implement the subject matters of science
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mathematics and technology. It sets the standards for learning at the basic level, the
standards for learning at different levels and provides core subject matters for basic
education. For the science strand, they consist of concept maps, contents for levels and
grades, expected learning outcomes and contents of each grade, and for successive
periods from grade 1 to grade 12. The IPST also provides learning units, descriptions of
the basic science courses and lesson plans. All these comprise the core of basic education
curriculum as stipulated in the National Education Act B.E. 2542 (Institute for the
Promotion of Teaching Science and Technology, 2005).
Significance of the Study
Most researchers have studied PD design, implementation, and outcomes
separately. This study is significant in that it aims to understand the dynamic of PD
design, delivery, and outcomes by examining PD in a holistic manner in a specific
context. The findings from this study will help researchers understand the complete
picture of PD in terms of professional developers’ knowledge and orientations to
professional development, the role of these knowledges and orientations in PD design
and delivery, PD and teacher learning, subsequent teacher practices, and the role of
feedback to professional developers. In addition to this holistic account of PD, this study
is significant in that I will develop PCK tools to investigate professional developers’ PCK
for PD. Consequently, the findings from this study will help researchers understand PCK
of professional developers, a heretofore unstudied part of both the PCK and PD literature.
My ultimate goal is for this research to influence future PD design and delivery in
Thailand. This study will allow Thai professional developers to reflect about their
orientations, practices, and PD outcomes, which will benefit to their future PD design
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helping them support teachers and ultimately their students in the teaching and learning
of science.
Overview of the Dissertation
This research study is divided into six chapters. Chapter One provides an
overview of the study that includes rationale, purpose and research questions, the
theoretical framework that guided the study, context of professional development in
Thailand, and significance of the study.
Chapter Two provides the review of the literature about elementary science
teaching worldwide; PCK of elementary science teachers and professional developers;
and science professional development and its characteristic, strategies, and consequences.
Chapter Three provides the overarching research question and sub-questions,
research tradition, context and design of the study, including role of the researcher, data
collection and analysis. The end of the chapter discusses the trustworthiness of the
findings as a function of the research design and tradition.
Chapter Four and Five are the findings of the study. Chapter four provides the
findings about the orientations to PD, knowledge and practice of professional developers.
Chapter five provides the findings about the orientations to science teaching, knowledge,
and practices of elementary science teachers.
Chapter Six is a discussion of the findings in relation to the research literature,
conclusion of the study, and implications and recommendations for future research.
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CHAPTER TWO: LITERATURE REVIEW
This chapter is organized around three main topics that include: a) what we know
about science instruction at the elementary levels, b) research on science elementary
teachers’ and professional developers’ pedagogical content knowledge (PCK), and c)
professional development (PD) models, strategies, and characteristics of effective PD.
The chapter includes a description of the gaps found in the research literature that this
study will help to address.
Elementary Science Teaching
The quality of elementary science teaching and learning has been a serious
national concern to many countries. The US National Science Education Standards
(NSES) were designed to serve the nation’s goal to improve all students’ scientific
literacy (National Research Council, 1996). The standards emphasize a new way of
teaching and learning science that focuses on constructivism. It also encourages changes
in what and how students are taught by emphasizing inquiry as a way of achieving
knowledge and understanding about the world (National Research Council, 1996).
Teachers are the important factor in the success of reform-based science instruction
(American Association for the Advancement of Science, 1993). A quality science
teacher, as defined by the NSES, is a person who is knowledgeable in science content,
curriculum, learning, teaching, and students (National Research Council, 1996). The
effective science teacher is expected to have well-grounded pedagogical strategies to
promote science content learning (Davis & Petish, 2005). However, for many teachers,
especially elementary teachers with a limited background in science, current reform in
science education requires more than just change in classroom practice. Science
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Education reform also requires a different way of thinking about science, including
teaching and the learning of science (Levitt, 2001). Lederman, Lederman, and Bell
(2004) indicated that there is a fairy strong agreement among scientists, educators, and
politicians that the primary goal of science education is to produce a scientifically literate
citizenry. However, beginning and experienced teachers indicate the primary purposes of
elementary science education are (1) developing logical and critical thinking, (2)
developing problem-solving skills, (3) developing analytical reasoning, (4) helping to
explain the world, and (5) creating relevance of science to students’ daily lives
(Lederman, Lederman, & Bell, 2004).
Elementary Science Teaching Worldwide
Due to the structure of elementary schools, most elementary teachers have to
teach not only science, but other subjects such as language, arts, mathematics, and social
science. Furthermore, in terms of the subject of science, elementary teachers also have
the intimidating task of teaching all areas of science which include life, physical, and
earth science (Davis & Petish, 2005). Tilgner (1990) indicated that over half of
elementary teachers rank science fourth or fifth out of five subjects in terms of times that
they spent to teach this subject. Twenty-five percent indicated they did not spend time
teaching science at all, while the other 75 % spent less than two hours a week on science
teaching (Tilgner, 1990). Mulholland and Wallace (2003) conducted a study with two
preservice elementary teachers and found that the beginning teachers find teaching
science more difficult than teaching other subjects. They required a variety of new skills,
and different and specialized knowledge in order to teach science.
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In addition to the United States, research on elementary science teaching has
been studied in many countries. For example, primary science teaching in Finland
focuses more on biology and geography, reflecting Finnish concern with the environment
and the effects of pollution from their Baltic neighbors (Johnston & Ahtee, 2006).
Science teaching and learning in the Finnish classroom focuses on attitudes and methods,
but is less tightly organized around science content knowledge. Also, Finnish primary
teachers see science as a difficult subject, which they do not have confidence to teach.
According to a study by Johnston and Ahtee (2006), primary school teachers in England
tend to have more positive attitude toward science than the Finnish teachers. Primary
science education in England focuses on biology, physics, and chemistry. In Australia,
Symington (as cited in Appleton, 2003) states when science is taught, the teachers tend to
use teaching strategies such as teacher discussions, teacher explanation, viewing science
television shows, library research, and teacher demonstrations (Appleton, 2003). The
absence of self-confidence in teaching science tends to guide these elementary teachers to
use teaching strategies that allow them to maintain control of the classroom knowledge
flow, which often does not include appropriate ways of engaging students in science (as
cited in Appleton, 2003). This claim is also supported by a study by Mulholland and
Wallace (2005). They conducted a study of an elementary teacher in Australia and found
that the teacher’s desired her classroom to be under control and was embarrassed in front
of the children if she did not have science content knowledge. Having control over the
classroom helped the teacher to feel confident about what the students were learning.
When teachers have limited science content knowledge and confidence in teaching
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science, they either avoid teaching science or adopt teaching strategies from other
subjects such as book research or writing reports to science teaching (Appleton, 2003).
Teaching and learning science in primary classrooms often focus on content
knowledge as determined by the teachers’ use of closed questioning methods, a method
that provides less opportunities for interaction with students (Appleton, 2003). The
elementary teachers’ and students’ perception of science teaching and learning are still
far from the constructivism (Tobin, Briscoe, & Holman, 1990). Tobin et al. (1990)
indicated that most of the primary science teachers hold the transmissionist view
expressed in their belief that true knowledge exists and can be transmitted to another
person by through clear explanations and demonstration of scientific principles. Tobin
and colleagues (1990) stated that the implementation of science curricula often
emphasizes rote learning and content coverage.
Two research programs were conducted with the prospective elementary teachers
in three higher educational institutes: Corpus Christi State University, Purdue University,
and St. Bonaventure University, to ascertain the status of elementary science teaching
during the 1971-72 (Fulton, Gates, & Krockover, 1973), 1978-79 (Fulton, Gates, &
Krockover, 1980), and 1985-86 (Gates, Krockover, & Wiedermann, 1987) during the
school years. An assessment was administered immediately following the student
teaching experience by asking prospective elementary teachers to complete a science
methods student teaching questionnaire. Fulton and colleagues (1980) compared the data
they collected in 1971-72 and 1985-86. They stated that the results of both studies closely
paralleled each other-- the greatest liabilities of the teachers in teaching science were
time, materials, and student characteristics in science classrooms. Compared to 1971-72,
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Fulton, et al found that teaching science by inquiry dropped dramatically in 1985-86. The
teachers devoted less time to teaching science than in the 1971-72 study. Gates and his
colleagues (1987) conducted a similar study based on the former two studies of Fulton
and colleagues. They found few science education increases during the 14 years of study.
They asserted:
1. The number of student teachers teaching in grades 4 through 6 has
remained constant.
2. Available materials and the children continued to be the greatest
assets perceived by the preservice teachers.
3. The perception of not enough time continued to be the greatest
liability for science instruction in the elementary school.
4. Student teachers continued to use a skill approach for the teaching of
science in the elementary school.
5. In 1971-72, only 27.7 percent of the student teachers were using
either SAPA, ESS, or SCIS. The 1978-79 study indicated a figure of
80 percent. The 1985-86 figure dropped to 47 percent.
6. When compared to the 1978-79 study, more science was taught per
week with a 12 percent increase for three days per week and an 8
percent increase for five days per week.
7. The percentage of student teachers who did not teach science
dropped more than 50 percent over 14 years (from 19 percent to 8
percent). (Gates, Krockover, & Wiedermann, 1987, p. 641)
However, they were also concerned that:
1. Preservice teachers teaching science by inquiry dropped
dramatically.
2. The amount of time devoted to teaching science dropped over the 14
years with 10 percent more teachers teaching science after 1:30 p.m.
3. The elementary science methods course was not perceived by student
teachers as their greatest asset.
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4. Thirteen percent fewer classrooms were teaching science in 1985-86
compared to the 1978-79, and 25 percent fewer when compared to
the 1971-72 study.
5. Time continued to be the number one excuse for not teaching science
in the elementary school and this concern rose from 27.7 percent in
1971-72 to 59.6 percent in 1978-79 to 62 percent in 1985-86. (Gates,
Krockover, & Wiedermann, 1987, p. 641)
Research also indicates that inadequate teacher background in science (Abell & Roth,
1992; Davis & Petish, 2005; Gabel, Samuel, & Hunn, 1987; Ginns & Watters, 1995;
Haidar, 1997; Meyer, Tabachnick, Hewson, Lemberger, & Park, 1998; Palmer, 2001);
insufficient facilities and equipment (Abell & Roth, 1992; Appleton, 2003); attitudes, and
lacking of confidence in teaching science (Appleton, 2003; Appleton, 2002) of the
elementary science teachers are obstacles to effective science teaching (Bryan, 2003;
Levitt, 2001; Palmer, 2001). Many elementary school teachers hesitate to teach science.
Abd-El-Khalick and colleagues (1997) indicated that most of the teachers held naïve
views of the nature of science and showed inadequate knowledge of the structure,
function, and development of their disciplines. The teachers believed that scientists
follow a recipe, called the scientific method, to conduct their investigations. Thus, the
teachers overlooked the role of creativity and imagination in science.
Teachers’ attitude toward science and science teaching is a barrier to good science
teaching (Johnston & Ahtee, 2006). The researchers indicated that many elementary
teachers have a negative attitude, which appears to have risen from their past experiences
in science as a learner (Abell & Cennamo, 2004), particularly at the secondary level
(Mulholland & Wallace, 1996; Skamp & Mueller, 2001). The researchers claimed that
many elementary teachers have experienced years of passive, lecture-driven science
when they were students. Thus, many of them develop a vision of themselves as science
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teachers that is in reaction to their experience as science learners (Abell & Cennamo,
2004; Bryan, 2003).
Many elementary teachers have limited science matter subject knowledge
(Anderson & Mitchener, 1994) and many of them are deficient in science content
(Appleton, 2005). The studies indicated that the majority of elementary science teachers
exhibit perceptual understanding rather than conceptual understanding of these concepts,
especially at the particulate level (Gabel, Samuel, & Hunn, 1987; Ginns & Watters,
1995). The teachers have fragmented understanding and have difficulties to relate the
observable macroscopic changes to the invisible molecular events (Gabel, Samuel, &
Hunn, 1987; Haidar, 1997; Valanides, 2000). Furthermore, many preservice elementary
teachers are not reasoning at a level required to visualize and construct the mental models
needed to solve respective problems (Ginns & Watters, 1995). For example, the research
on teachers’ knowledge of chemistry concepts about nature of matter showed that the
limited teachers’ knowledge in the content is a critical obstacle for teachers in order to be
able to represent their knowledge appropriately and in multiple ways (Davis & Petish,
2005). Moreover, the prior studies revealed that the teachers often have conceptions
about chemistry topics similar to those of their students (Calik & Ayas, 2005; Haidar,
1997). Valanides (2000) indicated that when teachers were less knowledgeable in their
content, they were more likely to rely upon low-level questions and to give their students
less opportunities to speak.
Many researchers reported that experienced teachers adopt a reform-based
curriculum superficially, then continue to teach in traditional ways (Keys & Kennedy,
1999; Olson, 1981; Welch, Klopfer, Aikenhead, & Robinson, 1981). For instance,
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Tilgner (1990) conducted a study on elementary teachers to investigate their perceived
role in elementary science. She found that the elementary teachers see themselves
primarily as dispensers of facts. They also avoid teaching topics in science that they
might be asked about by their students. The teachers indicated that they feel that they
may not, but should, have all the right answers for the students when they ask a question
in science. When the teachers lack experience and understanding, they feel less certain of
their knowledge and rely more on the textbook to provide the knowledge they think they
are to dispense.
Many researchers conducted studies with elementary teachers about their science
teaching and studies about ways to increase the quality of science teaching in elementary
classrooms for many decades. We find little change in science teaching at elementary
grades. Horizon Research (2002) reported the status of elementary science teaching in the
current century. This report describes the status of elementary (grades K–5) school
science instruction based on the responses of 655 science teachers, 320 grade K–2
teachers and 335 grade 3–5 teachers. The report asserted:
• Less than one-third of elementary teachers reported feeling very well qualified

to teach each of the science disciplines. More grade K–5 teachers stated
feeling very well qualified to teach life science and earth science than physical
science, which is consistent with teacher reports of their college coursework.
• Grade K–5 self-contained classes spent an average of 25 minutes each day in

science instruction, compared to 114 minutes on reading/language arts, 53
minutes in mathematics, and 23 minutes in social studies. This comparison
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has been done only with teachers who teach all four of these subjects to one
class of students were included in the analyses.
• Grade 3-5 teachers used discussion and lecture strategies in teaching science

more often than Grade K-2 teachers. Teachers reported their students listening
and taking notes during a presentation by the teacher at least once a week in
their classes.
• Grade 3-5 teachers allowed students to work in groups at least once a week.

The small group working usually takes place in labs and/or hands-on work.
• In half of the elementary school science classes, teachers report students doing

hands-on/laboratory science activities or investigations at least weekly, with
students much more likely to be following specific instructions in completing
an activity or investigation than designing or implementing their own
investigations. In addition, grade K-2 students had more opportunities to work
on hands-on/laboratory activities in the most recent lesson than students in
grade 3-5.
In addition, the Horizon research also reported that elementary teachers were
lacking in content preparation, especially in the physical sciences. Most elementary
teachers believed that they were not well qualified to teach specific science topics. In
contrast, they believed that they were well prepared to implement more general
pedagogical practices, such as listening and asking questions of their students and
engaging their students in hands-on work and cooperative groups. However, these
teachers did not feel they were qualifies to teach science as aligned with the science
standards, which emphasize developing students’ conceptual understanding of science,
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making connections between science and other disciplines, and leading students using
investigative strategies.
Research also indicates that teachers’ instructional decision-making is directly
influenced by their personal knowledge and beliefs (Putnam & Borko, 2000). In
particular, the knowledge base of expert teachers is comprised of rich teaching
experiences, which influence the decision-making practices in their classrooms
(Avraamidou & Zembal-Saul, 2005; Mulholland & Wallace, 2005; Munby, Russell, &
Martin, 2001). Abell and colleague (1992) illustrated three factors that relate to each
other and influence elementary teachers’ teaching of science. These factors were
classroom practice, perceived constraints, and beliefs about science teaching and
learning. Levitt (2001) indicated the beliefs teachers hold about teaching and learning,
including beliefs about their students, have a significant influence on teachers’ behavior.
In addition to the poor science content knowledge of the elementary teachers, science is
often a subject in the elementary level that the teachers seem reluctant to teach because of
a negative attitude toward science (Abell & Roth, 1992; Akerson, 2004; Mulholland &
Wallace, 1996). The attitude of elementary teachers towards teaching science affects the
way in which they present science in the classroom and, accordingly, their attitudes
impact student perception and interest in the subject (Kelly, 2000). Researchers also
found that if the teachers did not like science, their student tended not to like science
(Shrigley, 1974). Hence, confidence and background go hand-in-hand (Mulholland &
Wallace, 1996). Bandura (1986) theorized that behavior is linked closely with beliefs and
self-efficacy. Thus, teachers’ behavior in classroom teaching reflects their confidence in
their teaching abilities (Ramey-Gassert & Shroyer, 1992).
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Furthermore, the experienced elementary teachers feel the factors of time,
facilities, and equipment are a barrier to science teaching (Abell & Roth, 1992; CroninJones, 1991; Levitt, 2001). The elementary teachers may be convinced of the value of
hands-on activities and the use of cooperative learning, but often are not able to help
students develop science content understanding from the activity (Appleton, 2002;, 2003;
Tobin, Briscoe, & Holman, 1990). Rather, many of them see the role of hands-on activity
as increasing students’ interest and enthusiasm (Levitt, 2001). Some elementary teachers
use hands-on activities in science classroom because they keep the students busy
(Appleton & Kindt, 2002; Mulholland & Wallace, 2003).
Appleton (Appleton, 2002; Appleton & Kindt, 2002) studied beginning
elementary teachers cope with teaching science. The results of the studies reveal that the
beginning teachers cope with their limited science content knowledge and limited science
PCK using two strategies: science avoidance and a heavy reliance on activities that work.
As opposed to the novice teachers, the experienced elementary teachers heavily relied on
their teaching science on activities that work instead of avoiding the teaching of science.
Appleton’s (2002) explanation of the characteristics of the activities that work is
summarized in Table 1.
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Table 1
Summary of the Characteristics of Activities that Work*
•

Characteristic
Activities that work are hands-on
(Appleton, 2002, p. 398).

•

Description
Safe hands-on activities that have
predictable outcomes, and draw from
the teachers’ own experience or those
of trusted colleagues (Appleton &
Kindt, 2002, p. 49).

•

Activities that work are interesting and •
motivating for the children (Appleton,
2002, p. 399).

•

Activities that work are manageable in
the classroom (Appleton, 2002, p.
400).

•

Activities that the teachers could
implemente but still maintain class
control (Appleton & Kindt, 2002, p.
49).

•

Activities that work have a clear
outcome or result (Appleton, 2002, p.
402).

•

Activities in which the teachers
believe that nothing unexpected would
happen during the activities which
would confuse them or the students
(Appleton & Kindt, 2002, p. 49).

•

Activities that work draw on
equipment that is really available
(Appleton, 2002, p. 403).

•

Activities for which the teachers have
materials readily at hand (Appleton &
Kindt, 2002, p. 53).

•

Activities that work lend themselves
to integration (Appleton, 2002, p.
403).

•

Activities that would take the
students’ attention (Appleton, 2002, p.
399).

Activities that fit into the integrated
curriculum using themes, which are
common in the elementary level
(Appleton, 2002, p. 403).
* Developed from the findings described in Appleton (2002) and Appleton & Kindt
(2002).
Elementary Science Teaching in Thailand
In Thailand, most primary teachers are not science majors and many of them do
not enjoy teaching science (Soydhurum, 2001). Also, most elementary teachers are not
accredited in science (Office of the National Education Commission, 2001). Only 7.7
percent of the primary school teachers had earned degrees in science (Office of the
National Education Commission, 2004). Many elementary school teachers believe that
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everybody can teach science at the primary level and the teachers do not need to deeply
understand science to teach in these levels (Soydhurum, 2001).
At the elementary level, science has been separated from Life Experience subject
to become a single subject encompassing life, physical, and earth science. The current
science curriculum in Thailand is designed so that students learn some science concepts
by exploration and experimentation. A study on views of Thai elementary teachers and
professional developers regarding good science teaching (Musikul & Abell, 2006,
January) revealed that Thai elementary teachers believe that being able to apply scientific
skills is the primary goal of teaching science in the primary levels, rather than developing
conceptual understanding of phenomena. Although the teachers believe that they should
change their role in teaching science from knowledge-driven toward activity-driven, and
from teacher-centered toward student-centered, they still see themselves as dispensers of
facts. The teachers indicated that student ability, time and limited material, and nature of
testing were important factors that constrain science teaching.
Summary
The review of literature about the elementary science teaching reveals that there
have been few changes in science teaching practice over the past decades. Although there
are actions to help the teachers to change the way they teach from traditional approach to
more constructivist approach, the general science teaching approach is still far away from
inquiry. The teachers are still hesitant to teach science. When science is taught, the
teachers frequently use other types of teaching strategies that are appropriate for teaching
other subjects, but not in teaching science. In recent years, hands-on activities have been
frequently used in science lesson than in previous years. However, the purpose in using
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hands-on activities with students depends on the teachers’ perceptions and goals in
elementary science education. The obstacles and anxiety in teaching science occur from
the lacking of science content knowledge background, self-efficacy in teaching science,
and positive attitude toward science teaching and learning. Furthermore, elementary
teachers feel science teaching is constrained by time restrictions in the classroom,
facilities, equipment, and support from the school and their colleagues.
Pedagogical Content Knowledge
Shulman (1986) first coined the term pedagogical content knowledge (PCK) to
describe the special type of content knowledge that goes beyond knowledge of subject
matter to the dimension of subject matter knowledge for teaching. He explained that,
Within the category of pedagogical content knowledge I include, for the
most regularly taught topics in one’s subject area, the most useful forms
of representation of those ideas, the most powerful analogies,
illustrations, example, explanations, and demonstrations-in a word, the
ways of representing and formulating the subject that make it
comprehensible to others (p. 203).
Shulman (1987) described seven types of teacher knowledge: content knowledge,
general pedagogical knowledge, curriculum knowledge, pedagogical content knowledge,
knowledge of learners, knowledge of educational contexts, and knowledge of educational
aims, purposes, and values. According to Shulman, knowledge for teaching is not simply
one’s own understanding of a conceptual area but the adaptation of this understanding so
that it can be represented to others and the difficulties that others may have in developing
their own understanding are appreciated.
In later years, Grossman (1990) proposed the four central components of PCK.
The first component includes knowledge and beliefs about the purposes for teaching a
subject at different grade levels. The second component includes knowledge of students’
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understanding, conceptions, and misconceptions of particular topics in a subject matter.
The third component is curricular knowledge, which includes knowledge of curriculum
materials available for teaching particular subject matter, as well as knowledge about
both horizontal and vertical curricula for a subject. The final component of PCK includes
knowledge of instructional strategies and representations for teaching particular topics.
In 1999, Magnusson, Krajcik, and Broko proposed that PCK is a domain which
links content with pedagogy. Specifically, it takes four forms: conceptions of purposes
for teaching subject matter (orientations); knowledge of student understandings,
conceptions, and misconceptions of particular topics in a subject matter; curricular
knowledge; and knowledge of instructional strategies and representations for teaching
particular topics. Magnusson, Krajcik, and, Broko (1999) present a model of the
relationship among the domains of teacher knowledge: subject matter knowledge,
pedagogical knowledge, knowledge about context, and PCK, which is influenced PCK by
the first three domains.
Thus, PCK is a special form of knowledge that bundles subject matter knowledge
with knowledge of learners, learning, and pedagogy. These bundles offer a crucial
resource for teaching such as helping teachers anticipate what students might have
trouble learning, and showing alternative models or explanations to mediate those
difficulties. The ability to transform subject matter knowledge requires more than
knowledge of the substance and syntax of the discipline. It also requires knowledge of
learners and learning, of curriculum and context, of aims and objective, and of pedagogy.
Drawing upon these knowledge and skills, teachers are able to translate their knowledge
of subject matter into instructional representations (Grossman, Wilson, & Shulman,
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1989). In addition, PCK is developed by an iterative process that is rooted in classroom
practice, implying that prospective and novice teachers usually have little or no PCK at
their disposal (De Jong, Veal, & Van Driel, 2002).
Elementary Science Teachers’ PCK for Science Teaching
Wilson et al. (1987) indicated that successful teachers cannot simply have an
intuitive or personal understanding of a particular concept, principle, or theory. Rather, in
order to foster understanding in their students, the teachers must themselves understand
ways of representing the concept for the students. They must have knowledge of the ways
of transforming the content for the purposes of teaching. Thus, teachers should learn
science and be prepared in ways that are different from future scientists or other careers.
They must have a knowledge of the subject matter that includes a personal understanding
of the content as well as knowledge of ways to communicate that understanding in order
to foster the development of subject matter knowledge in the minds of students
(Grossman, Wilson, & Shulman, 1989, p. 10). However, research indicates that teachers,
especially elementary teachers, have a perception rather than a conceptual understanding
of scientific ideas. The science knowledge that teachers have is fragmented and lacking a
connection to other topics within and among other areas in science (Calik & Ayas, 2005;
Gabel, Samuel, & Hunn, 1987; Ginns & Watters, 1995; Haidar, 1997; Valanides, 2000;
Wallace & Louden, 1992). In addition, many elementary teachers also hold alternative
conceptions about the science content they are suppose to teach (Abd-El-Khalick &
BouJaoude, 1997). These alternative conception are often similar to those held by the
elementary students (Calik & Ayas, 2005; Haidar, 1997).
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Studies on elementary teachers’ PCK in teaching particular science topics are
rare. However, there is evidence that although subject matter knowledge is very
important for teachers, having subject matter knowledge alone does not guarantee that it
will become transformed into representations that will help students comprehend targeted
concepts. According to PCK model of Magnusson et al. (1999), PCK for science teaching
consists of five knowledge components including 1) orientations for teaching sciencel 2)
knowledge of students, 3) knowledge of teaching strategies, 4) knowledge of science
curriculum, and 5) knowledge of assessment methods.
With regards to knowledge of students’ learning, Zembal-Sual, Blumenfeld, and
Krajcik (2000) conducted a study with two prospective elementary teachers. The study
revealed that although the two prospective teachers maintained their emphasis on
planning multiple representations of content that was scientifically accurate, they were
generally unable to assist the students in identifying and interpreting the relevant
concepts. When unexpected dilemma occurred while the students were doing the activity,
the prospective teachers abandoned the representation. Instead, they told the students that
the task was too difficult to continue. Zembal-Sual et al. suggested that although
prospective teachers and beginning teachers might have good background knowledge,
they might not be able to maintain the subject matter emphasis if they did not have
opportunities to develop understanding about students’ learning, such as their prior
knowledge, learning difficulties, and common misconception for learning a particular
concept. Abd-El-Khalick & BouJaoude (1997) indicated that many teachers believed that
the students’ misconceptions should be rare because they were being introduced to such
concepts for the first time. Many teachers were unaware that students have prior
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knowledge before they receive any formal science instruction, and that a misconception
often persists and survives beyond formal science teaching (Abd-El-Khalick &
BouJaoude, 1997).
With regards to knowledge of science teaching strategies, elementary teachers,
especially prospective and novice teachers, have difficulties in knowing what questions
they might ask the students and when is the appropriate time to ask, give advice, and give
accurate answer. A study conducted by Hayes (2002) revealed that prospective teachers
were concerned that an inquiry approach required that the teacher should not give
students answers to their questions. The teachers realized that they could give the
students some answers to encourage them to continue their investigation as well as a way
to eliminate their frustration. However, teachers were still not sure when would it was
appropriate to provide some answers to students. The novice teachers do not know how
to modify or use other activity or strategy that would help the students understand a
particular concept. According to Magnusson et al. (1999), knowledge of teaching
strategies also include knowledge about topic-specific activities in which teachers know
how the particular activity could help students to understand specific concepts. However,
research on elementary science teaching revealed that the elementary science teachers
have poor understanding on the activities that they provided to students. Much research
by Appleton and colleagues showed that elementary teachers adopt the hands-on
activities in their science teaching (Appleton, 1999; Appleton, 2003; Appleton, 2005;
Appleton & Kindt, 2002). Many times the teachers’ decision in using the hands-on
activity in the classroom is not intended to develop the students’ understanding of
scientific concepts.
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Research on elementary teachers’ PCK in teaching particular science topics is
limited. In addition, most of the research focused on prospective and novice elementary
teachers, but few studied experienced elementary teachers. There are several studies
about the PCK of secondary science teachers. For instance, De Jong, Veal, and Van Driel
(2002) reviewed the chemistry teachers’ PCK in teaching stoichiometric calculations.
The result of this study can be summarized as follows:
1. Chemistry teachers with insufficient topic-specific PCK may, at times, provide
inappropriate chemical topic demonstrations that could reinforce student
misunderstandings. This problem is most likely to occur among teachers who
have out-of-field teaching assignments.
2. Excellent SMK, knowledge of how students learn, and knowledge of alternative
representations are prerequisites for the selection and use of appropriate and
effective analogical explanations.
3. Chemistry teachers’ choice of a strategy for teaching is often not very adequate
from the perspective of student learning. Their teaching strategies are often
influenced by their preferred conception of the mole. (De Jong, Veal, & Van
Driel, 2002)
Elementary science teachers are hesitant in teaching science (Abell & Roth,
1992). Compared to secondary school teachers, elementary teachers do not have adequate
science content knowledge (Abd-El-Khalick & BouJaoude, 1997; Abell & Roth, 1992),
self-efficacy in teaching science, and positive attitude to science teaching and learning of
the elementary teachers (Appleton, 2002; 2003). Furthermore, elementary teachers feel
their science teaching is constrained by the time restriction in the classroom, still
facilities, equipment, and supports from school and colleagues. Thus, it could be safely
assumed that the elementary teachers should have limited PCK to science teaching
specific topics similar to the secondary teachers that De Jong and colleagues summarized
in their study.
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Professional Developers’ PCK
A significant amount of research has been done on the PCK for the elementary
science teaching (Appleton, 2005; Avraamidou & Zembal-Saul, 2005; Mulholland &
Wallace, 2003;, 2005; Zembal-Saul, Blumenfeld, & Krajcik, 2000; Zembal-Saul, Krajcik,
& Blumenfeld, 2002; Zembal-Saul, Starr, & Krajcik, 2001), but little research has
examined PCK from the perspective of the science teacher educator. One study,
conducted by Smith (2000), investigated an elementary science teacher educator’s PCK
in her science methods class. Smith indicated that the educators of elementary science
teachers have a role in helping future teachers construct knowledge for elementary
science teaching. These educators should have knowledge about (1) the conceptions of
science as science learners that preservice teachers bring to the science method courses,
(2) strategies for teaching preservice teachers, (3) curriculum materials and activities that
are effective in helping preservice teachers construct knowledge of students’ naïve ideas,
(4) representations that would help the preservice teachers learn and facilitate their
growth as elementary science teachers. Smith found that the preservice teachers attended
the science method class with limited science content knowledge. Smith also found that
the teacher education students usually followed activity directions to produce results
when they did experiments. The preservice teachers indicated that in regards to the study
of science, it required a lot of memorizing of definitions, lectures, and tests which lead to
anxiety and possible failure. The findings about the teacher educators’ and the students’
PCK helped Smith to redesign and plan her course in order to reduce students' anxiety
and better understand what science actually is. Smith indicated that knowledge helped her
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to recognize the underlying assumptions that were common in students and increased her
patience and persistence in working with preservice teachers.
As science teacher educators, professional developers play a role in helping inservice elementary teachers to construct knowledge for elementary science teaching.
However, I could find no published research, at the time of this study, has been done on
the professional developer’s PCK.
Summary
We know that elementary teachers lack subject matter knowledge (Abell, 2007).
However, the literature on elementary teachers’ PCK is less robust. The review of the
literature about the elementary science teachers’ PCK reveals that the PCK of most of the
elementary teachers is still limited. In addition to the subject matter knowledge in science
topics, the knowledge base that composes much of PCK, including knowledge about
learners, knowledge about teaching strategies, knowledge about science curriculum, and
knowledge about assessment for specific topics. Furthermore, research about the
professional developers’ PCK to PD is non-existent. Thus, more research on elementary
teachers’ and professional developers’ PCK is needed.
Professional Development
Model of Professional Development
Guskey and Sparks (cited in Guskey, 2000) developed a model delineating the
major components in the relationship between PD and improvements in student learning
(see Figure 2). This model reveals that the quality of PD is influenced by a variety of
factors. The arrows in the model represent the direction of those effects. The influence of
PD on student learning is accomplished principally through its direct effect on teacher
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knowledge and practice and is a primary factor influencing the relationship between PD
and improvement of student learning (Guskey, 2000). Administrator’s knowledge and
practice about science teaching indirectly, but importantly, influences the improvement of
student learning in terms of forming school policies, and supporting and supervising
teachers. According to Guskey (2000), all the factors and components identified in the
model strongly affect the relationship between PD and the improvement in student
learning.
According to the Guskey and Sparks PD model (Guskey, 2000), three factors
influence the quality PD. Those factors are (a) content characteristics, (b) process
variables, and (c) context characteristics. All three factors are important in determining
the quality of PD.
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Knowledge &
Practices

School Culture
Clinical Supervision,
Coaching, Evaluation

CONTENT
Characteristics
PROCESS
Variables

QUALITY
of
Professional
Development

POLICIES
on Curriculum,
Organization,
Textbooks,
Discipline,
Attendance,
Grading, etc.

TEACHER
Knowledge &
Practices

CONTEXT
Characteristics
Parent Conferences,
Student-Led Conferences,
Guided Homework

IMPROVED
STUDENT
LEARNING
OUTCOMES

PARENT
Knowledge &
Practices

PARENT
Education

Figure2. Model of Relationship between Professional Development and Improvement in
Student Learning.2

2

From Guskey, T. R. (Figure 3.2, p. 73, 2000). Evaluating professional development. Thousand Oaks, CA:
Corwin Press.

33

The content characteristics refer to the “what of professional development”
(Guskey, 2000, p. 73). including the goals and the concerns of the particular PD. Content
characteristics also include to the aspects relating to the magnitude, scope, credibility,
and practicality of the change required to implement the new knowledge and skill. The
process variables refer to the “how of PD” (p. 74). This means the type and forms of PD.
It also means how the PD activities are planed, organized, implemented, and followed-up.
Context characteristics refer to the “who, when, where, and why of PD” (p. 74), which
involve the organization, system, or culture in which the PD takes place and where the
new understanding will be implemented. Guskey (2000) indicated that teaching and
learning were complex endeavors. Thus, PD must be shaped and integrated in ways that
best suit regional, organizational, and individual context, such as the local values, norms,
policies, structures, resources, and procedure.
The Guskey model also shows that the influences of PD on improvements in
students’ learning are accomplished through its direct effect on teacher and administrator
knowledge and practices. The bold arrow between teacher knowledge and practices and
improvement of students’ learning means knowledge and practices of teachers are
primary factors influencing the relationship of PD and students’ learning. If the PD is not
able to develop teachers’ conceptual understanding or change the classroom practices
they employ, little improvement in students’ learning can be expected.
The model illustrates that administrator also influence improvement of students’
learning, but indirectly. The influences can occur in two ways, including (a) to form
school policies regarding school organization, curriculum, assessment, and textbooks;
and (b) to interact with teachers through the clinical supervision, coaching, and formative
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evaluation. Deal and Peterson (as cited in Guskey, 2000) indicated that the administrator
can also develop a learning community within a school.
In order to measure the quality of PD, Guskey (2000) identified five critical levels
of PD evaluation. These levels are ranked from simple to more complexes, with each
level building on the one before. These levels include:
(1) Participants’ reactions: focus on measuring teachers’ satisfaction of the PD.
The information is generally gathered through questionnaires hand out at the
end of PD,
(2) Participants’ learning: focus on measuring teachers’ knowledge, skills, or
attitudes. The assessment methods are dependent on the goals of PD,
(3) Organizational support and change: focus on measuring how school policies
support teachers’ teaching and change,
(4) Participants’ use of new knowledge and skills: focus on measuring did what
teachers learn make differences in their professional practices, and
(5) Student leaning outcomes: focus on measuring did the PD benefit students’
learning achievement and performance.
A few years later, Loucks-Horsley, Love, Stiles, Mundry, and Hewson (2003)
created a professional development design framework for science and mathematics
education in light of knowledge gained from research and practice in PD. The model
captures a “process of decision-making” (Loucks-Horsley et al., 2003, p.3) informed by
relevant inputs (see Figure 3) during the planning process.
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Figure 3. Design Framework for Professional Development in Science and Mathematics3.
According to the model, the rectangles connected with horizontal arrows
represent a set of sequenced generic planning and implementation on, incorporating the
following actions: commit to vision and standards, analyze student learning and other
data, set goals, plan, do, and evaluate. The four ovals above and below the planning
implementation sequence represent important inputs to the design process that assist
professional developers to make informed decisions. The four inputs are categorized as:
knowledge base and beliefs, understanding of aspects unique to the context, critical issues
common to science and mathematics reformers across contexts, and a range of PD
strategies. Arrows from the inputs to the planning sequence boxes indicate when these
inputs are most important to start to consider in the planning sequence. The model

3

From Loucks-Horsley, S., Love, N., Stiles, K. E., Mundry, S., & Hewson, P. W. (Figure 1.2, p. 4, 2003).
Designing professional development for teachers of science and mathematics (2nd ed.): Thousand Oaks,
CA: Corwin Press.

36

assumes that once an input begins to inform the planning sequence at a given phase, it
will continue to do so for the remainder of the phases. The evaluation phase serves as
feedback to inform the vision and goals of the PD. Evaluation also links back to and
potentially impacts all four inputs as well as the developer’s commitment to a reformminded vision and standards.
The design framework provides a map for professional developers to achieve the
desired goals for students and teachers. Professional developers’ knowledge and beliefs
play a role in the first designing phase: commit to vision and standard. Five distinct but
related knowledge bases that inform the works of professional developers are knowledge
and beliefs about learner and learning, teacher and teaching, nature of science and
mathematics, professional development, and change process. Understanding of context is
the second input mentioned by Loucks-Horsley et al (2003). In general, professional
developers consider context in the second phase of the planning sequence. LoucksHorsley et al. indicated that context is complex, comprising many interconnected and
dynamic influences. Nine features of the context that are important to consider are
students, standard, and learning results; teachers and teachers’ learning needs;
curriculum, instruction, assessment practice, and learning environment; organizational
culture; organizational structure and leadership; national, state, local policies; available
resources; history of PD; and parents and the community. Critical issues include the third
input that plays a role in the set goals phase. Loucks-Horsley et al. indicated that the
critical issues are the “tough nuts” (p.9) that professional developers work to crack as
they design and provide learning experiences for teachers. According to the PD design
framework, professional developers consider a range of strategies to use in PD at the
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planning phase. Loucks-Horsley et al. described 18 different strategies for PD that lead to
different outcomes. These PD strategies are shown in the Table 2.
Table 2
Eighteen Strategies for Professional Learning
Aligning and implementing curriculum
Curriculum alignment and instructional materials selection
Curriculum implementation
Curriculum replacement units
Collaborative structures
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 assessments
Lesson study
Immersion experiences
Immersion in inquiry in science and problem solving in mathematics
Immersion into the world of scientists and mathematicians
Practicing teaching
Coaching
Demonstration lessons
Mentoring
Vehicles and mechanisms
Developing professional developers
Technology for professional development
Workshops, institutes, courses, and seminars
Lee, Wang, Musikul, and Abell (2006, March) conducted a study to examine the
process of designing and implementing science teacher PD by purposefully selecting one
PD project as a case to consider in light of a theoretical framework for effective PD
design (Loucks-Horsley et al., 2003). The findings of this study supported the LoucksHorsley et al.’s model (Figure 3) in many ways. However, there were instances when the
case deviated. This model implied that established goals should inform chosen PD
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strategies. However, Lee et al. found evidence that inputs did enter the phases as the
theoretical model proposed. The exception was when PD strategies were first considered.
In that case, PD strategies were a consideration embedded within the goal setting phase
rather than distinctly impacting subsequent planning once the goals were set. They also
found that the box labeled as “Plan” in the Loucks-Horsley et al.’s model was somewhat
unclear. This phase of planning could encompass both the overall blueprint for design
and the additionally planned details for ‘doing the PD’ with teachers. Moreover, given
that the boxes collectively represent the generic planning sequence, exactly what the
“Plan” phase entails is ambiguous. This study found that there was not a clear distinction
between when and how these first three phases of planning were enacted.
Characteristics of Effective Professional Development
Standard-based. The National Research Council, NRC (1996) posited the need
for PD within their standards documents. For example, the National Science Education
Standards (NRC, 1996) presented four standards for professional developers to consider
when designing PD for science teachers. Overall, the vision of the national science
education standards is to provide teachers with opportunities to engage in the practice of
science themselves; reflect on this practice with respect to their classroom teaching and
interaction with their students; and improve their content and pedagogical content
knowledge. From a content-generic perspective on PD, the National Staff Development
Council [NSDC] (2001) provided 12 standards for the design of PD organized into three
categories - context, process, and content. Each category focuses on the goal of PD to
improve the learning of all students.
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The standards for the effective PD described by the NRC and the NSDC are
summarized in the Table 3.
Table 3
Summary of the Effective PD Defined by the Standards
Standards for Staff Development
(NSDC, 2001)
Context
• Organize learning communities and
align goals with school and district.
• Require school and district personnel
to become leaders.
• Provide necessary resources to support
adult learning and collaboration.

National Science Education Standards
(NRC, 1996)
Standard A: Science Content
PD experiences for teachers must build
on the teacher's current science
understanding, ability, and attitudes.

Process
• Use student data to determine learning
priorities, monitor progress and help
sustain improvement.
• Use multiple sources for evaluation.
• Apply research to decision making
• Select learning strategies appropriate to
the intended goal.
• Apply learning theories.
• Collaboration among content and
education specialists.
Content
• Prepare teachers to provide equitable
learning experiences for students.
• Improve the quality of teaching by
deepening teacher content knowledge;
modeling research-based instructional
strategies; and preparing teachers to
use various forms of classroom
assessment.
• Provide educators with knowledge and
skills to involve families and other
stakeholders.

Standard B: PCK
PD experiences for teachers of science
must use inquiry, reflection,
interpretation of research, modeling,
and guided practice to help science
teaching.
Standard C: Promoting lifelong
learning.
PD activities must provide regular,
frequent opportunities for individual
and collegial examination and
reflection on teaching practice.
Standard D: Coherent and integrated
design the PD experience.
PD must integrate and coordinate
program components; recognize
individual and group interests, as well
as the various needs of teachers;
collaborate among all stakeholders;
recognition of the history, culture, and
organize the school environment; and
do continuous formative and
summative evaluations of the PD
program.
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Research-based. Educational researchers have learned a great deal about what
comprises effective professional development. For example Loucks-Horseley et al.
(2003) described that a quality PD should (a) emphasize inquiry-based learning,
investigations, problem-solving and application of knowledge, (b) provide opportunities
for teachers to build knowledge and skills and examine practice critically, (c) engage
teachers in the learning approaches they will use with their students, (d) provide
opportunities for teachers to work with their colleagues and other experts, (e) support
teachers to serve in leadership roles, and (f) give priority to student learning. The PD
designers should consider the balance among topics to cover, number of activities, and
times for discussion and collaboration with other teachers in improve their practice.
Thompson and Zeuli (1999) asserted that PD participants must experience a
sufficient amount of dissonance to disturb their existing beliefs, knowledge, and
experiences with learning and teaching. Thompson and Zeuli explained that providing
teachers with this type of transformative learning experience requires the following: (1)
create a high level of cognitive dissonance; (2) provide sufficient time, structure, and
support for teachers to think through the dissonance experienced; (3) embed the
dissonance creating and resolving activities in teachers’ situations and practices; (4)
enable teachers to develop a new repertoire of practice that fits with their new
understanding; and (5) engage teachers in a continuous process of improvement. The
professional development should prepare teachers in terms of being able to present and
explain the current scientific model clearly and to contrast it with student models
(Anderson & Mitchener, 1994) and being able to help students connect their new
information to their prior knowledge.
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Guskey (2003) reviewed 13 lists of characteristics of effective PD from
publications produced by various research and policy organizations (e.g., Association for
Supervision and Curriculum Development, Educational Research Service, Eisenhower
Professional Development Program). From these lists, he identified 21 attributes of
effective PD. Of these attributes, he focused much of his discussion on the five most
frequently mentioned: 1) enhancing teachers’ content and pedagogical knowledge, 2)
providing sufficient time and other resources, 3) promoting collegial and collaborative
exchange, 4) establishing procedures for evaluating the PD experience, and 5) conducting
school or site-based PD. However, Guskey argued that there is a significant amount of
research that asserts that school or site-based PD is not as important as once thought.
Rather, “a carefully organized collaboration between site-based educators, who are
keenly aware of critical contextual characteristics and district-level personnel, who have
broader perspectives on problems, seems essential to optimize the effectiveness of
professional development” (Guskey, 2003, p. 749), not necessarily the location of the PD
itself.
A common element of effective PD discussed across the literature is the need for
sustained support for teachers as they return to their schools to implement the PD
objectives (Desimone, Porter, Garet, Yoon, & Birman, 2002; Garet, Porter, Desimone,
Birman, & Yoon, 2001; Guskey, 2003; Loucks-Horseley, Love, Stiles, Mundry, &
Hewson, 2003; Thompson & Zeuli, 1999). An important aspect of providing this
sustained support is the development of a network of communication between PD
facilitators and teachers, and among the teachers themselves. Jauhiainen, Lavonen,
Koponen, and Suonio (2002) explained that when teachers return to their schools, lines of
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communication are critical for continuing to develop the knowledge and skills addressed
during the PD experience. Classroom change depends on providing extended support
throughout the school year with opportunities for teachers to collaborate and reflect on
their own beliefs and practices (Borasi, Fonzi, Smith, & Rose, 1999).
Despite the consensus about effective PD suggested by research and policy, a
disparity between theory and practice still exists. Loucks-Horsley et al. (2003) claimed
that PD for science and mathematics teachers (a) lacks in the number and variety of
opportunities for educators to participate; (b) is not aligned to the needs or learning goals
emphasized in education reform; (c) is insufficient in providing sustained support to
educators; (d) focuses on how to change the individual educator rather than
organization/school; and (e) provides pockets of innovation with minimal means for
impact at the classroom and system levels. Research indicates that teachers could not
change instruction in reform-minded ways simply by being told to do so. Teachers would
need opportunities to reconsider their current practices and to examine others, as well as
to learn more about the subjects and students they teach (Ball & Cohen, 1999; Guskey &
Sparks, 1996; Loucks-Horsley, Love, Stiles, Mundry, & Hewson, 2003). Many PD
experiences are intellectually superficial and disconnected from deep issues of curriculum
and learning, fragmented, and non-cumulative (Ball & Cohen, 1999). Rarely are PD
experiences based on a curricular view of teachers' learning. Teachers are taught to need
updating rather than have opportunities for serious and sustained learning of curriculum,
students, and teaching. Many researches found that experienced teachers adopted a
reform-based curriculum superficially, then continued to teach in traditional ways (Keys
& Kennedy, 1999; Olson, 1981; Welch, Klopfer, Aikenhead, & Robinson, 1981). Such
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research indicates that teachers could not change instruction in reform-minded ways
simply by being told to do so. Teachers would need opportunities to reconsider their
current practices and to examine others, as well as to learn more about the subjects and
students they teach (Ball & Cohen, 1999; Guskey, 2000; Loucks-Horseley, Love, Stiles,
Mundry, & Hewson, 2003). However, most PD delivered through short-term sessions and
workshops that often lack depth, do not address serious issues related to curriculum and
learning are disjointed and non-cumulative (Ball & Cohen, 1999). Rarely do these
professional development opportunities seem to be based on a curricular view of teachers'
learning. Teachers are taught to need updating rather than opportunities for serious and
sustained learning of curriculum, students, and teaching.
In Thailand, the science curriculum has been designed and constructed to respond
to the local needs and environment (Soydhurum, 2001) and PD has been designed to
facilitate the implementation of that curriculum. There are a number teacher PD
programs, particularly inservice training, that are conducted in Thailand. The previous
PD programs for teacher PD in Thailand were usually organized by the central agencies
in a city and took place in a very short time without consistent monitoring and evaluation
(Office of the National Education Commission, 2004). The general consensus amongst
educators, parents, and students is that the quality of teachers has regressed considerably
in recent years (Sinlarat, 1999). Initially, the Government took action by establishing the
Institute for the Promotion of the Teaching of Science and Technology (IPST), charged
with the mission to develop quality teachers for mathematics and science (Soydhurum,
2001) and commission projects to provide quality education to rural area. Thus, IPST is
entrusted with the duties and responsibilities in developing science, mathematics and
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computer curricula, activities and textbooks, and instructional kits in accordance with the
prescribed guidelines as stipulated in the National Education Act (Sriphan, 2002). One of
the responsibilities of IPST is to develop the teaching profession for K-12 science and
mathematics. In regards to the Science Strand, five departments are charged to take care
of science curricula and professional development (Soydhurum, 2001):
-

Department of Primary Science: oversees the science curriculum for K-6 students
and professional development for primary teachers across the country.

-

Department of Secondary: oversees the science curriculum for grades 7-9 and
professional development for teachers of grades 7-9 across the country.

-

Department of Physics: oversees the curriculum of physics for grades 10-12 and
also professional development for secondary teachers who teach physics across
the country.

-

Department of Chemistry: oversees the curriculum of chemistry for grades 10-12
and also professional development for secondary teachers who teach chemistry
across the country.

-

Department of Biology: oversees the curriculum of biology for grades 10-12 and
also professional development for secondary teachers who teach biology across
the country.
The decline of quality in Thai teacher development is not new, but the search for

appropriate solutions has not been very successful (Office of the National Education
Commission, 2004). The continuous poor performance of Thai children in many
international tests such as TIMSS and PISA (Soydhurum, 2001) is further evidence of the
eroding quality in education. Although many K-12 teachers have participated in PD
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workshops and seminars, the evaluation of the PD design and its outcome has been
lacking. Most of the evaluations are informal and occur during the PD implementation
when the PD providers interact with teachers. Although some PD projects administer a
survey to the participants, the majority of the questions ask about teachers’ satisfaction
with the PD and their recommendations for improvement and do not address the other 4
levels of Guskeys (2003) PD evaluation model. Some PD programs, such as the PD for
master teachers or leader teachers, provide a post-test to participants after the PD
programs in order to evaluate teachers’ learning of science content.
Thai professional developers often employ traditional teaching strategies during
the PD delivery. Strategies such as debates, brainstorming, excursions, independent work,
emphasis on explanation and reasoning were not discussed or demonstrated in many PD
projects (Piya-Ajariya, 2001). Although the stakeholders agree that PD is important to
improve teachers’ knowledge and practice, PD in Thailand currently does not help
teachers build the knowledge, skills, and dispositions necessary to help students construct
their knowledge in science (Piya-Ajariya, 2001). The connection between theory and
practice in PD is not fully appreciated nor well implemented or evaluated.
Professional Development Strategies
Although the ultimate goal of Professional development is to improve student
learning (Hewson, 2007), teachers are central to the process of curriculum reform. To
effectively teach a particular subject including science, a teacher should have solid
knowledge base for teaching, which includes subject matter knowledge, pedagogical
knowledge, pedagogical content knowledge, knowledge about school setting and learners
(Shulman, 1986). Based on this concept, PD plays an essential role in successful
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education reform. Professional developers should match the strategies to the needs of
teachers in order to help them develop all knowledge bases necessary for teaching.
Loucks-Horsley et al. (2003) suggested that “strategies in isolation do not constitute
effective professional development” (p. 111). Each strategy is one piece of the puzzle in
meeting the specific goals and context. Thus, effective PD should plan to use a variety of
strategies in combination with one another to form a unique design (Loucks-Horsley et
al., 2003). The two PD strategies--curriculum implementation and immersion in inquiry
in science-- are based on Loucks-Horsley et al summarized in Table 2. I reviewed these
two strategies because they were frequently used by the professional developers in
Thailand.
Curriculum Implementation. Curriculum implementation is a strategy aimed to
help teachers learn new curriculum, activities, teaching methods, and how to implement
them in the classroom. This strategy allows teachers to reflect on and share information
about teaching and learning the new curriculum in the context of implementing the
curriculum with their colleagues or students. In addition, teachers must learn science
content, material management, curriculum teaching, and assessment on their own and
students’ learning. This strategy benefits PD and teachers as it is a vehicle in aligning
teachers’ learning contents, materials, and teaching strategies to classroom practice
(Loucks-Horsley, Love, Stiles, Mundry, & Hewson, 2003). An important concern in
introducing a new curriculum to teachers is that professional developers and school
administrator must plan to support the teachers’ implementation of the new curriculum
and to ensure that the teachers continued to use this curriculum after the initial phase.
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Dass (2001) studied a PD program that used this strategy. He interviewed 24
teacher participants in the Collier Chautauqua Program (CCP) and the dissemination
efforts of the Iowa Chautauqua Program after the first year of implementation. This
program provided a 3-week institute for participating teachers to experience
constructivist teaching through a Science-Technology-Society Curriculum. This
workshop was delivered by lead teachers, university staff, and scientists. They also
provided a series of workshops in the fall and spring, monthly meetings, electronic
communication, and school visitations. The participants were required to work in teams
to develop a 5-day teaching module and implement it in their classrooms. In the call-back
sessions in fall and spring, the teachers were asked to review the problems with the
module, analyze their current practice and their experiences in constructivist teaching
using the module as a frame of reference. In regard to the teachers’ expression about their
implementation STS curriculum, many teachers were more familiar with their previous
curriculum (FOSS) than with STS (which they had to spend more time in implementing).
They stated that the STS curriculum demanded new ways of assessment and unless
assessment practices changed concurrently, they were not motivated to fully implement
these instructional approaches. The teachers also mentioned materials, resources, and
students’ maturity as constraints. Although the teachers stated that by using technology
and having more interconnection with nature they saw some improvements among
students such as in their reading ability, they were not sure the students really learned.
Dass indicated that the teachers attended a 3-week summer workshop doing STS
activities, creating a teaching module, and connecting science to technology and society.
However, they lacked an opportunity to develop other knowledge for teaching such as
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knowledge of students and of assessment. This led to problems when the teachers
implemented the curriculum in their classroom. They indicated that they were not sure
whether or not students were learning and the assessment was not effective to the new
teaching approach. In addition, the teachers in this study also expressed concern about
how the schools or district will support this implementation. Thus, the teachers did not
fully implement the curriculum since they did not know if they had to revert back to the
old curriculum.
Another PD project called Learning Technologies in Urban Schools (LeTUS),
was a collaboration between the University of Michigan and Detroit Public Schools to
promote standards-based middle school student leaning in science (Kubitskey, Fishman,
& Marx, 2003; Margerum-Leys, Fishman, & Peek-Brown, 2004). Together, university
staff worked with school partners to create a curriculum that emphasized process in
addition to science content. Then, the school teachers piloted the materials and provided
feedback for researchers to revise the curriculum. The goals of the PD were to have
teachers improve their knowledge of technology and enhance knowledge of content and
pedagogy, comfort with curriculum, and implement it (Kubitskey, Fishman, & Marx,
2003). The PD designers used five strategies in a series of five workshops to meet their
goals: direct instruction, peer exchange, model teaching, curriculum review, and planning
the unit. The findings showed that model teaching impacted teachers’ learning while peer
exchange allowed the teachers an opportunity to interrogate and reflect on practice with
the community. In contrast, direct instruction did not have much impact on teachers’
expressed learning. According to the teachers’ reflections, PD staff shifted strategies by
reducing direct instruction and increasing peer exchange in the following workshops. The
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researchers observed classroom teaching of three teachers after PD participation. All
teachers enacted the activity as modeled at the workshop except for one teacher who
modified the activity to meet the needs of her classroom. The results also showed that
two of the three teachers had limited science knowledge that influenced their abilities to
respond to students’ questions. The researchers concluded that model teaching and peer
exchange strategies impacted teacher learning and their implementation in the classroom,
but they suggested other forms of PD to help teachers develop in-depth content
knowledge.
Immersion in Inquiry in Science. Immersion in inquiry in science is the structured
opportunity for teachers to directly experience science content and process. First, by
becoming a learner, teachers deepen their own understanding of the science content that
they are teaching their students. Second, by experiencing the processes for themselves,
teachers are better prepared to help students become active, engaged inquirers. Using this
strategy is based on the assumption that teachers benefit from experiences grounded on
the same principles that they are expected to implement with students. Thus, the key
element of immersion in inquiry in science is to provide intensive experience to teachers
in building science content knowledge and process as learners. Just as students learn best
when they are actively engaged in their learning, teachers are most likely to internalize
science concepts and teaching methodologies when both their hands and minds are
engaged in the process. The goals of PD using immersion in inquiry as a strategy include
having teachers develop beliefs and practices conducive to the implementation of inquiry
lessons through an inquiry learning approach (Radford, 1998), getting to know teaching
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practice in action, examining, and reflecting upon their enacted lessons (Loucks-Horsley,
Love, Stiles, Mundry, & Hewson, 2003).
Radford (1998) studied the effect of a PD program on teacher participants’
science content knowledge, process skills, and attitudes toward science teaching. A 3week intensive summer workshop focused on integrating concepts from life and
environmental science, chemistry, and mathematics. The teachers engaged in hands-on
and minds-on activities, learning science and science process skills. Within small groups,
teachers explored, discussed, and explained their interpretations to each other. They also
had to present their data to the group, which often led to further exploration. The teachers
were continually encouraged to use these techniques with their students. The researcher
compared attitudes and science process skills of students of trained teachers and nontrained teachers. The results showed that the students of trained teachers had consistently
greater achievement in process skills and more positive attitude toward science and their
science classroom experiences than the students of non-trained teachers. The students
also mentioned that they conducted more experiments and learned more science. During
the interviews, the teachers mentioned that the project activities helped them learn more
science content and helped them gain confidence in teaching their students through
inquiry-based science.
A study by Luft (2001) measured preservice and inservice teachers’ beliefs and
classroom practices after they participated an inquiry-based PD. The study showed that
the preservice teachers changed their beliefs toward inquiry-based teaching more than
their practices, whereas the inservice teachers demonstrated greater change in practices
than in beliefs. The students of inservice participants significantly improved in process
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skills such as developing researchable questions, designing and conducting
investigations, and sharing the results of investigations.
A similar study was done by Basista, Tomlin, Pennington, and Pugh (2001) to
investigate a PD program that included a substantive and intensive summer institute
integrating science content, pedagogical knowledge, and mathematics. The program
included support through the academic year and classroom visitations. In the workshops,
teachers experienced inquiry activities and compared these new experiences with
traditional teaching methods. During the last two weeks of the institute, teachers in the
same grade level worked as a group to develop a unit integrating mathematics and
science. The study demonstrated that teachers developed depth of knowledge through
inquiry activities in a cooperative learning environment. As in Luft’s work, the teachers
also felt that they gained more skills and confidence in how to use inquiry in their
classroom. The students of these teachers were asked to complete a survey, which
revealed that at the end of the academic year, students ranked science as one of the top
three favorite subjects. However, the teachers expressed significant stress due to the
combination of intensive content, pace, and time involved in the summer institute. The
evaluation by the administrators revealed that the inquiry activities were particularly
valuable but that the half-day format was not enough time for in-depth discussions.
Summary
Standards and studies have defined the characteristics of effective PD in terms of
outcomes that it develops content knowledge and science PCK for the teachers. Effective
PD also needs to provide lifelong learning. The PD design should be coherent and
address the teachers’ needs. The research also indicates that the effective PD engages
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teachers in the learning approaches they will use with their students, provides
opportunities for networking among teachers and experts, and supports teachers to serve
in leadership roles. The ultimate goal in providing PD to the teachers is to improve
student learning. However, the research reveals that many PD projects provide
intellectually superficial content knowledge disconnected from important issues of
curriculum and learning, and do not provide cumulative experiences for the teachers.
According to these studies, we see that very little progress has been made in PD for
science teaching and learning.
Gaps in the Literature
According to this review of literature on elementary science teaching, pedagogical
content knowledge, and professional development, there are a number of gaps in the
literature that need to be addressed. These gaps include (1) research on the professional
developers’ PCK, (2) research on PD in a holistic view, and (3) research about the PD
context in Thailand.
Much of the literature defines PCK as a special form of knowledge that bundles
knowledge of learners, learning, and pedagogy. This type of knowledge is necessary for
teaching. A number of researchers have studied science PCK of science teachers in
elementary, middle, and secondary schools. A few studies exist on the PCK of science
teacher educators. However, very little research exists that investigates the PCK of
professional developers, who have a significant role in providing inservice teacher
education. Consequently, the findings from this study will help researchers understand
PCK of professional developers, a heretofore unstudied part of both the PCK and PD
literature.
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Most researchers have studied PD design, implementation, and outcomes
separately. This study is significant in that it aims to understand the dynamic of PD
design, delivery, and outcomes by examining PD in a holistic manner. The findings from
this study will help researchers and educators understand the holistic picture of PD in
terms of professional developers’ knowledge and orientations to professional
development, the role of knowledge and orientations in PD design and delivery, PD and
teacher learning, subsequent teacher practices, and the role of feedback to professional
developers.
Finally, few researchers have studied PD in Thailand, especially in terms of how
it was designed and delivered. The science curriculum in Thailand has been designed and
constructed to respond to the local needs and environment. Consequently, the PD in
Thailand has been designed to facilitate the implementation of that curriculum. This
study will help the researchers and educators understand the PD context in Thailand.
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CHAPTER THREE: THE RESEARCH PROCESS
Research Tradition
Qualitative research is a situated activity that locates the observer in the world. It
consists of a set of interpretive, material practices that make the world visible (Denzin &
Lincoln, 1994). Unlike quantitative study, in which researchers identify sets of variables
and seek to determine their relationships, qualitative studies are best at contributing to a
greater understanding of perceptions, attitudes, and process (Glesne, 1999). Denzin and
Lincoln (1994) stated that qualitative research involves the collection of a variety of
empirical evidence that describes routine and problematic moments and meanings in
individuals’ lives. In this research, I utilized qualitative research methods to make sense
of the complex world of professional development and teacher learning. I adopted a
constructivist-interpretative paradigm as my research paradigm, acknowledging that there
are multiple realities from which we construct meaning in real-world settings (Denzin &
Lincoln, 1994). This study is grounded in a qualitative case study tradition that is
appropriate for examining one or more individuals (Creswell, 2003; Yin, 2003). How and
why questions were central in the case study to investigate a contemporary set of events
within specified boundaries (Hatch, 2002) over which the researcher had little or no
control (Yin, 2003). Schramm (1971) indicated that “the essence of a case study is that it
tries to illuminate a decision or set of decisions: why they were taken, how they were
implemented, and with what result” (as cited in Yin, 2003). Thus in this qualitative study,
I examined one professional development project as a case, rather than analyzing cases of
an individual professional developers and teachers. In this case, I tried to understand the
dynamic nature of real events associated with a particular PD project in a holistic manner.
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The research constructivist perspective to qualitative has ontological,
epistemological, and methodological assumptions. In regard to my ontological
perspective, I believe that knowledge is subjective, absolute realities are unknowable.
The objects of inquiry are individual perspectives or constructions of reality. They are
relative depending on context and person. I also hold an epistemological perspective
associated with my constructivist paradigm. I believe that knowledge is a human
construction that the researcher and participants co-construct understandings (Hatch,
2002). Also, knowledge is developed through negotiation (Patton, 2002, p. 203). Patton
(2002) described that knowledge and agreement result from dialogue. Thus, PD
researchers might seek to understand the aims of practice from a variety of perspectives,
or with different lenses. My constructivist perspective has methodology implication. A
case study is appropriate for this study because this study is an exploration of a bounded
system or a case over time through detailed, in-depth data collection involving multiple
sources of information rich in context (Creswell, 1998). In a case study, the relevant
behaviors cannot be manipulated. Researchers use case studies to contribute to
knowledge of individuals, groups, organizations, societies, and related phenomena (Yin,
2003). In this research, the case study method allowed me to retain the holistic and
meaningful characteristics of real-life events in PD.
Purpose and Research Questions
The purpose of this research was to investigate the dynamic nature of PD in
Thailand and its consequences in terms of how science professional developers’
orientations to PD, and knowledge of PD, teachers, science curriculum, instructional
strategies, and assessment (PCK) play role in PD design and delivery. I also investigated
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the relations of PD to participants’ orientations to primary science teaching and their
knowledge of students, science curriculum, instructional strategies, and assessment.
Finally, I explored the relationship between teachers’ implementation and science
professional developers’ PCK. Thus, this qualitative research examined an entire Thai PD
project including design, implementation, and outcomes, as a case to understand the
relations within science PD in a holistic manner as shown in Figure 4.
Professional
Developers

Classroom
Implementation

PD Design

PD
Implementation

PD Participants

Figure 4. The Dynamic of Professional Development
I used Figure 4 to represent the holistic view of PD, including professional
developers’ orientations and PCK for PD, and other factors that influence their PCK. The
holistic view of PD also allowed me to understand the relation of PD to teachers’ learning
and teaching science in their classroom. However it is important to note that teachers’
learning and teaching undoubtedly influenced by other factors that were outside of the
PD setting and thus beyond my research questions.
The overarching research question was: What knowledge, orientations, and
practices do science professional developers and professional development participants
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have and what are the consequences of these understandings? Sub-questions that guided
the study were:
1.

What are professional developers’ orientations to professional development?

2.

What do professional developers know about teachers, curriculum,
instructional strategies, and assessment for professional development?

3.

What knowledge do professional developers take into account during the
professional development design process?

4.

What happens during the professional development workshop?

5.

What happens during classroom teaching that takes place after professional
development?

6.

What are professional development participants’ orientations to science
teaching?

7.

What do professional development participant know about students,
curriculum, instructional strategies, and assessment for science teaching?

Figure 5 shows how each sub-question guided my inquiry throughout the entire
process of data collection
Orientation

Professional
Developers

Classroom
Implementation

Q5

Q6

Q2

PD Design

Orientation

PD
Implementation

PD Participants
Q7

PCK

Q1

PCK

Figure 5. Research Questions by PD Dynamic
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Q4

Q3

Context of the Study
Since its inception, the Institute for the Promotion of Teaching Science and
Technology (IPST)’s mission has been the development and continuing improvement of
science curricula and science instruction. Before the science education reform in
Thailand, IPST developed a National Science Education Standards and National Science
Curricula for K-12 grades. At that time, science was not a separate subject, but was
subsumed in the Life Experiences subject. Currently, science is now a separate subject
and IPST still has a responsibility in developing science curricula for K-12 grades.
However, the Thai government does not limit schools to adopt only the IPST curricula as
the National Curricula in science teaching. The schools are free to select other curricula
from the private companies. In spite of this latitude given to schools, IPST still has
responsibility in developing the National Science Education Standards for K-12.
However, as one of many curriculum choices on the market, the development of science
curricula in Thailand is highly competitive.
IPST still maintains a role in providing professional development to K-12
teachers. In general, the each department, including the Department of Primary Science at
IPST, develop a year-long plan outlining professional development (PD) for public
schools teachers and borderline police who volunteer to be the teachers in the borderline
schools. To provide PD for the teachers, the staff of the Department of Primary Science
developed a PD project proposal researching a budget from IPST in organizing the PD,
which IPST has already included in their overall plan. The budget normally includes PD
participants’ stipend, materials and handbook, and expenses for lodging and food.
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In this case, the private schools requested for the Department of Primary Science an
opportunity to provide PD to the private school teachers, although normally providing PD
for private school teachers is not the responsibility of IPST. IPST has responsibility to
provide PD for teachers from the public schools across the country. However, because of
the request of the private schools, the Department of Primary Science developed a PD
project proposal to IPST to ask for the authorization and some budget. In contrast to the
public school teachers, the private schools teachers who attended PD did not receive
stipends. In addition, they were required to pay for the registration fees. The details about
specific context of this PD project are provided in the next Chapter.
In order to better understand the context of the teacher participants in the private
school PD, I have summarized the typical differences between the public schools and
private schools in Table 4.
Table 4
The Differences between Private and Public Schools in Thailand
Private Schools
• Managed by owner of schools
following Private School Act

Public Schools
• Managed by school principals of the
government following National Basic
Education Act

• Owners of school make curricular
decisions

• The school principals need to ask for
authorization from the government or
follow rules before making any
curricular decisions

• Have a lot of money for buying
instructional materials

• Inadequate instructional materials

• Lower class size (about 30 students)

• Higher class size (about 40-50 students)

• Have teachers with science education
background who teach primary science

• Lack of science teachers to teach
primary science
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The data was collected in Thailand from August through October of 2006.
Participants included four professional developers from the Department of Primary
Science at IPST and four elementary teachers who participated in the PD project. In
August, 2006, the Department of Primary Science recruited 1st – 6th grade elementary
teachers from private schools across the country to receive PD. The PD project proposal
indicated that goals of this PD were (1) to increase teachers’ knowledge and first-hand
experiences in a reform science teaching; (2) to promote teachers’ abilities in conducting
science instruction; (3) to promote collaborations among teachers; and (4) to improve
teachers’ confidence in teaching science. This PD was a 3-day workshop that addressed
several science concepts in physics, chemistry, biology, and earth science. These topics
comprise half of the science curriculum at any elementary grade level. The chemistry
topics in the PD project included material, the property of material, matter and state of
matter, and matter and changes. There were two physics sections in this PD: one was
sound and electricity, and another one was light, force, and movement. The section I
decided to observe was sound and electricity section.
Professional Developer Participants
The four professional developers were from the Department of Primary Science,
IPST. The reason I selected these four professional developers was because I had worked
at the Department of Primary Science for two years before I started my Ph.D. program.
My tasks were to develop chemistry curricula for the primary grades (1-6) in Thailand
and to provide PD for primary science teachers. In addition, I will return to my IPST
position after graduation. I purposefully selected these four professional developers
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because they taught physical science lessons in the PD, which related to my former and
future career.
Throughout this study I use the pseudonyms Sommit, Piti, Somsri, and Vimon to
identify these professional developer participants. Sommit and Somsri designed and
carried out the chemistry units while Piti and Vimon designed and implemented the
sound and electricity units. I previously worked with Piti and Vimon for two years and
with Sommit and Somsri for a year. Piti was once a secondary school teacher, but now is
a staff member of IPST. He had more than 15 years of experience in teaching physics
before being employed with IPST in 2001. His responsibility is creating physics activity
books for student and the teaching manuals for teachers, and providing PD for primary
teachers on physics concepts. He also trained Vimon to become a professional developer
in regards to the electricity unit.
Likewise, Sommit has worked at IPST for 10 years. He is responsible for
developing chemistry activity books for students and teaching manuals for teachers, and
providing PD for primary teachers on chemistry concepts. He has many years of
experience in providing PD to teachers. Like Piti, Somsri was a former secondary school
teacher and a school administrator, who retired eight years prior to the study. Somsri is a
part-time staff member of IPST. She started working at Department of Primary Science in
2002 as an academic specialist. Her former task was to advise IPST staff about chemistry
concepts and pedagogical strategies for teaching at elementary levels. Somsri was also
part of a team that developed activity books for students and teaching manuals for
teachers in chemistry. Somsri rarely participated with PD planning and implementation.
However, because of my absence, the Department of Primary Science did not have
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enough staff to take care of PD in chemistry, and, thus, Somsri was asked to be part of
the chemistry PD team.
The last professional developer in this study, Vimon, is a new breed of
Department of Primary Science staff. Vimon graduated with a B.S. in physics. She had
worked at IPST since 2001 as a support staff following her graduation from the
university. Vimon was then promoted to be an academic staff member and was trained by
her colleague, Piti, to become a professional developer responsible for the electricity unit.
Vimon has 2 years of experience as a professional developer, but no experience in
classroom teaching. The professional developers in the Physics team assigned Vimon to
take responsibility for the electricity unit because this was her major at college.
Teacher Participants
In the selection of teacher participants, I asked IPST staff for a list of teachers
who registered for the PD. I never worked or met these teachers before I received the list
from IPST. I purposefully selected teacher participants based on the following criteria:
(1) the teachers taught in upper elementary grades (4-6) where most physical science
units are taught; (2) each teacher planned to teach at least one PD unit during AugustOctober, the period of my classroom observation; and if possible (3) teachers had similar
ranges of teaching experience in science. I also looked for a sample in geographically
convenient locations, given the difficulties of travel in Bangkok. On the first day of PD
before the first session, I asked several teachers to meet me in a small meeting room so
that I could explain my study. Some teachers declined to participate in this study because
they were afraid of an overload of work. Some teachers wanted to participate in the study
but did not meet the criteria above. I found four teachers whom I gave the pseudonyms
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Manee, Chujai, Jinda, and Wanna throughout the study. The four teacher participants
were from different four private schools located in Bangkok. After I informally received
permission from the teachers, I contacted the school principals of these teachers
personally to explain the goals and steps of my data collection. Then, I gave the
principals a permission letter and form to sign in order to allow their colleagues to
participate in the study (Appendix A).
Similar to the professional developers, I personally contacted each teacher again
in order to invite them formally to be the participants of this study. I also asked them to
complete the inform consent which required their signature before beginning the study
(Appendix B).
I first contacted Manee. I did not know her before PD. Manee worked at Smarty
Kids Primary School. She has taught science to grades 4-6 for five years. When I asked
her to recall her experiences in science as a learner, she mentioned that she only
remembered that she learned science and did science activities when she was at middle
school. During the school term in which I observed, Manee taught the topic of matter and
states of matter and the sound units to students in grade 5.
Chujai was a beginning teacher at Sunshine Primary School. She only had six
months experience in teaching science. Before becoming a full-time teacher, she taught at
Demonstration School for one school term for her teaching internship. However, she
taught at middle school levels rather than elementary. At Sunshine, Chujai taught science
to students in grades 4-6. When recalling her experience in science as a learner, she
mentioned that she began to learn science during the primary level and thought science
was fun because her teacher usually took students outside classroom. The unit that Chujai
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taught after the PD was heat conduction unit to 5th grade students. She mentioned that
this was her first time teaching this unit to elementary students.
Jinda has taught science for 10 years. She has taught at Best East Primary School
for two years. She graduated in chemistry education for the secondary level. However,
she has never taught secondary science. She would rather teach at the primary level
because she believed that older level students needed to study harder, and she was not
sure whether she could help those students. Jinda stated that she did not do much in
science when she was an elementary student. She only sat and listened to the teachers
who talked about science. During the study, Jinda taught the sound unit to students at
grade 5.
The final teacher participant, Wanna, taught at Happy Child Primary School. She
has taught science for 10 years. She taught kindergarten students and also 4th-6th grade
students. At the kindergarten level, she taught every subject. In grades 4-6, she only
taught science. Similar to Jinda, Wanna mentioned that there was nothing much in
science class when she was in primary school. There were no science activities, only a
book to read and memorize. She remembered that she did science when she was at
college. Wanna taught the matter and states of matter units to grade 5 students during this
study.
Informed Consent
To gain access with the professional developers, I first contacted the president of
IPST and the head of the Department of Primary Science to explain the goals of this
research and the process of data collection and data analysis. Then I gave a letter to the
IPST president in order to allow me to conduct a study involving his colleagues
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(Appendix C). The next step was to make personal contact with Sommit, Piti, Somsri,
and Vimon to explain my research study and asked them to sign the inform consent form
(Appendix D). The meeting with these professional developers was different then the
meetings with the IPST president or department head. I needed to spend more time in
explaining the research and how I was going to report the study. At first, these
professional developers were concerned that the report of this research might put them at
risk. Once I clearly explained the purpose and processes of this research, the professional
developers felt more comfortable to participate in this study.
To gain access with the teachers, I first contacted the school principals to explain
the goals of this research. Then I gave a letter to the school principals in order to allow
me to conduct a study involving his colleagues (Appendix A). During the first meeting
with the teacher participants, I asked them to read the informed consent letter (Appendix
B) and I explained that their participation was voluntary. I explained to them that their
refusal to participate involved no penalty or loss of benefits to which they were otherwise
entitled. In addition, they were able to discontinue their participation at any time without
penalty or loss of benefits. Also, they were not obligated to answer every question that
they were asked. Then I asked the participants to sign the consent form.
To understand PD in a holistic manner, it was necessary to investigate an entire
PD process including design, implementation, outcomes, and reflection. Thus, I also
asked permission from teacher participants to share video clips of their classroom
teaching with the professional developers. The purpose of sharing the clips was to
investigate the professional developers’ reactions to the teachers’ implementation in their
classroom and the consequences to their orientations to PD. After explaining the
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necessity of audio and video taping, all professional developers agreed to let me tape
their interviews and PD sessions. All teacher participants allowed me to audio tape their
interviews, while three teacher participants, Manee, Chujai, and Jinda, allowed me to
video tape their teaching. Only Wanna did not agree to let me video tape her teaching, but
did allow me to audio tape the interviews. Also, she allowed me to take field notes during
the observations. All audio and video tapes from this project will be kept on file for three
years and all participants’ responses will be kept confidential. I informed all the
participants that I would not report any results in a manner that would allow a reader to
associate any responses to an individual respondent. Thus, participating in this study
would subject participants to no risks greater than those they normally encountered in
everyday life.
Design of the Study
Role of Researcher
As a constructivist, I believe that knowledge is constructed and not objective.
Thus, researchers and participants join together in the process of knowledge construction.
To develop a deeper understanding in this case study, I used both formal and informal
collaborations. The formal collaborations occurred during the interview while the
informal collaborations occurred during lunch time, breaks, and before and after
observations. The informal collaborations helped me and the participants co-construct an
understanding of what was happening in the research context.
Patton (2002) described variations in observer involvement: participant observer,
onlooker observer, or both. Patton (p. 265) explained that the onlooker observer is one
who completely separates himself or herself from the research settings as a spectator
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does; the participant observer immerses himself or herself in the research setting as a full
participant. In regards to my observations, I defined myself in the research settings as an
onlooker observer throughout the observation process in order to see and hear phenomena
occur within context. Lincoln and Guba (1985) indicated that building and maintaining
trust is an important task for qualitative researchers. Once the researchers have the trust
of their participants, the study will proceed smoothly.
I entered this project with numerous experiences as a researcher in many PD
projects, including the Evaluation PD Projects Cycle 1&2 (Park Rogers et al., accepted),
the Effective PD project (Pareja, Musikul, Ritzka, Abell, & Chval, 2006, January), a pilot
study of Thai primary school teachers’ and professional developers’ views of science
teaching and PD (Musikul & Abell, 2006, January), and a case study to understand PD
design and implementation (Lee, Wang, Musikul, & Abell, 2006, March). In addition,
during my doctoral program I had experiences and developed awareness about primary
science teaching through the internships and independent study. Based on my knowledge
of primary science education and PD, and my experiences in doing research, I believe
that I am qualified to conduct this research and bring a unique perspective to the
interpretations.
At the beginning of my data collection phase, I contacted all the participants on an
individual basis in order to carefully explain my research goals and activities, build
relationship, and develop trust between myself and the participants. In addition, to clarify
my role as a researcher, I met the four IPST professional developers and participating
teachers about one week prior to data collection in order to help familiarize them with my
intentions and role.
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Data Collection
I collected data at four different transition points: (a) during the design of PD, (b)
at the PD implementation, (c) in teacher participants’ classroom after the PD, and (d)
after the teachers’ classroom implementation. Figure 6 shows that I used several primary
data sources to answer my research questions at different transition points of my data
collection.
Orientation

Professional
Developers

Classroom
Implementation

Observation
Field Notes

PCK

Interviews & Card Sorts

Interviews & Card Sorts

PD Design

Interviews
& Card Sorts

Orientation
Interviews & Card Sorts

PD Participants

PD Implementation

Observation
Field Notes

PCK
Interviews & Card Sorts

Figure 6. The Data Sources for Answering the Research Questions by PD Dynamic
During the design of PD, I met with Sommit, Piti, Somsri, and Vimon to talk to
them about their plan and examined the material they prepared for PD activities. I also
collected and reviewed PD curriculum and other documents that they were going to give
to PD participants. At the PD implementation, as an onlooker observer, I observed both
professional developer and teacher participants. At the end of PD, I attended each
teacher’s class and observed their teaching. Finally, I returned to IPST to have the
professional developer participants view the video tape of teachers teaching science units.
I utilized several methods of data collection to achieve a better understanding of the
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participants’ knowledge and experience, and to increase the validity of the research
through triangulation of the data sources.
Interviews
In a qualitative study, researchers utilize interviews to uncover the meaning
structures that participants use to organize their experiences and make sense of their
worlds. This technique helps the researcher to bring the structures and meanings that are
often hidden from direct observation to the surface (Hatch, 2002, p. 91).
I used interviews as a primary data source for the study. I developed and used
open-ended interview protocols with the participants in order to allow them to recall and
reconstruct their experience within the areas of interest for this study. The interview
approach that I used in this study was the semi-structured interview (Patton, 2002). I
conducted the interviews with guiding questions, but also followed the responses of
participants with probing questions (Hatch, 2002; Patton, 2002). Thus, while a number of
basic questions were worded precisely in a predetermined fashion, gave myself more
flexibility in exploring certain subjects in greater depth or even undertaking whole new
areas of inquiry that were not originally included in the interview instrument.
Professional developer interviews. I conducted three interviews with each
professional developer participants. I also performed card sort activity (as shown in Table
4) with the professional developers at the same time with the first and the second
interviews. The first interview (Appendix E) was in July 2006 when the professional
developers were designing the PD. The focus of this interview was to gather data to
understand professional developers’ orientations to professional development, their
knowledge about teachers, curriculum, instructional strategies, and assessment for PD,
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and knowledge that they took into account during the PD design process. I conducted the
first interview with each professional developer individually and also performed the card
sort activity (as shown in Table 4) at the same time.
I interviewed the professional developers again following the PD implementation.
The purpose of the second interview was to explore in more depth how the professional
developers discussed their PCK in light of the PD. The second interview (Appendix E)
included the card sort activity focused on the professional developers’ experience with
this PD itself and compared it to previous PD experiences. In this interview, I used a
stimulated recall method (Calderhead, 1996) to gain access to the professional
developers’ thought processes. I developed a set of questions guided by my observation
of their PD implementation. The purpose of these questions was to ask about a particular
activity, teaching method, or questions that they used during the PD to encourage them to
reflect on their teaching and the knowledge they used.
The third interview (Appendix E) with professional developers was a focus group
interview. This interview was held at the end of October, after I finished classroom
observations. I asked the professional developers to watch video clips of classroom
teaching by each teacher participant. Then, I asked them to reflect on those clips. The aim
of this interview was to investigate the professional developers’ reaction to the teachers’
implementation in their classroom subsequent to the PD.
Teacher interviews. I conducted three interviews with teacher participants. The
aims of the interviews were to investigate teachers’ orientation about science teaching,
and knowledge and beliefs about students, instructional strategies, curriculum, and
assessment. I had planed to do the first teacher interview (Appendix F) and card sort
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activity (as shown in Table 5) at the PD, while sessions were running. However, because
of the schedule, there was not enough to conduct the interview. Instead, I had to arrange
the interviews to take place in the evening after the PD sessions. I conducted the second
interview and card sort activity with teachers in the two weeks following the PD. I met
with each teacher individually and conducted the interview at her school. This interview
focused on the investigation of teachers’ orientation to science teaching, and knowledge
and beliefs about students, instructional strategies, curriculum, and assessment. In
addition, I also focused on their plan of implementing PD units to their classroom.
The third interview was conducted in October 2006, after the teachers taught the
PD units. I made an appointment with teachers to conduct the interview and card sort
activity with them. Inspired by Seidman (1991), the questions in this phase of the
interview series addressed the intellectual and emotional connections between the
participants’ work and life. Thus, the questions in this interview focused on their
knowledge, the implementation of the units from the PD, and the meaning of teaching a
particular science topic. Each interview lasted up to 90 minutes to allow the participants
to recall, reconstruct, and reflect on their experiences.
All the interviews and card sort activity with professional developers and teachers
were audio-taped. I transcribed the professional developers’ and teachers’ interview for
analysis. I did not transcribe the card sort activity, but revisited the tapes to the details of
the participant responses.
Card-Sorting Task
The card-sorting task was originally designed as a research tool for eliciting
teachers’ purposes and goals for teaching science to a particular group of students
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(Friedrichsen & Dana, 2003). More important than how the teachers sort particular cards,
the card-sorting task allows the researcher to hear what participants say during the sorting
that offers the most insight into their science teaching orientation. This task helps the
participants to clarify what they believe about teaching and learning science.
Professional developer card sort activity. I designed card sorts for the
professional developers. I used the card-sorting activity as a primary data source to elicit
the professional developers’ orientations to PD. I designed a set of 15 scenarios for the
card-sorting task (as shown in Table 5) that would elicit participants’ knowledge and
beliefs about PD. I developed scenarios for professional developers based on the science
orientations offered in Magnusson et al. (1990) and used the scenarios in Friedrichsen &
Dana (2003) as a guideline. Then, I asked experts to comment on the validity of the PD
cards.
Table 5
Representative Sample of Card Scenarios for Professional Developers
Item
1.

Scenario
You, as a professional developer, begin a unit of dissolution by asking
students to draw a picture of sugar when putting into water. You facilitate
discussion among teachers.

Orientation
conceptual
change

2.

You, as a professional developer, begin a unit of electricity by having
teachers talk about their ideas about electricity. Then you allow teachers to
work with a particular circuit and develop their own explanations. You show
the scientists’ ideas about electricity and encourage teachers to discuss and
compare how their ideas are different to the scientists.

conceptual
change

3.

You, as a professional developer, set up PD lessons for a unit on heat
conduction. You introduce heat conduction activities for a 6th grade
elementary book. You select a variety of fun, and easy-to-do activities for
PD.

activity-driven

4.

When doing laboratory activities, you provide teachers with clear, easy
following, step-by-step directions for the activity procedure. Every activity
was in the National Curriculum. You also provide the teachers with materials
to help them implement the activities at their classrooms.

activity-driven

73

Table 5 (continued)
Item
5.

Scenario
You, as a professional developer, engage teachers in discussion about how
they are going to teach a sound unit to 5th grade students. You encourage
teachers to work in group to discuss and develop a 1-week lesson plan of this
unit.

Orientation
problem-based
learning

6.

You, as a professional developer, encourage the teachers to place an ice
brick on their table. You encourage the teachers to carefully and accurately
record their observations in a journal.

process-driven

7.

As a professional developer, you want teachers to learn about how sound is
produced. You decide the best way to do this is to demonstrate with various
musical instruments to verify a science concept of vibration produces sound.

academic rigor

8.

You, as a professional developer, design a PD lesson on dissolution by
encouraging teachers to do activities that their students would do. At the end
of session, you assign teachers to discuss within their group, then as a whole
about what they learn about dissolution and about teaching this unit.

reflective

9.

You, as a professional developer, begin a unit on sound by introducing
curriculum, explaining materials, allowing teachers doing activities, and you
explaining the concepts at the end of activities.

didactic

10.

You, as a professional developer, have teachers first engage in laboratory
activities in a book, class discussion. You will end each activity with your
explanation of science knowledge beyond those activities.

didactic

11.

Teachers are intrigued with a Thai flute that a classmate has brought to
school. As a group, the teachers identify questions and ways to explore how
the flute works. You help the teachers organize into investigation teams, and
you investigate along with the teachers.

guided inquiry

12.

Teachers have just completed a simple circuit with multiple bulbs. For the
next unit on electricity, you ask the teachers to make the bulbs light using a
combination of wire, bulbs, and switch.

guided inquiry

13.

You, as a professional developer, have teachers observe a music instrument
and generate questions about how sound is produced. Each group designs
and carries out their own experiment to test a hypothesis related to the
group’s questions.

Inquiry

14.

You, as a professional developer, set up a variety of materials at a back of
room for teachers to investigate about sound has different properties such as
pitch, volume, and timbre.

Inquiry

15.

As a professional developer, you begin a unit of heat conduction by
engaging in activities that you hope the teachers will use with their students.
You demonstrate teachers to use whiteboarding and cooperative learning in
teaching those activities.

Pedagogy-driven

I conducted the card sort activity with professional developer participants two
times. I performed this task within the first interview with the professional developers
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about the PD design process. I asked participants to sort the cards based on whether or
not the scenario was representative of their PD instruction. Throughout the card sort
activity, I encouraged the professional developers to talk about their PD instruction,
especially in regards to how their teaching strategies were similar to or different from
those described on the cards. After they sorted and selected representative scenario cards,
I asked each professional developer to put the cards into three groups, “like me,” “not
like me,” and “can’t decide”. After the professional developer grouped all of the cards, I
asked him/her to arrange the cards in the “like me” group, ranging from most like them to
least like them. I asked professional developers to do the same thing with the cards in the
“not like me” group. While the participants were sorting the cards, I encouraged them to
describe how the selected scenarios supported their purposes and goals for PD. During
the card-sorting task, I took field notes of participant’s reaction when reading scenarios,
and his/her pace of sorting each card. I also audiotaped the participant’s thought they
made oral comments after reading each scenario. The card sort activity lasted up to 60
minutes for each participant.
During the second interview, I conducted the card sort activity a second time. I
asked each professional developer to revisit all the cards then asked him/her to review
each card and asked if he/she wanted to arrange the order or group of any cards. Then, I
selected certain card scenarios for them to reflect on how the strategies in the scenarios
were similar to or different from their PD strategies. I allowed the interviewees to change
the scenarios in ways that would more closely fit their teaching strategy. I recorded the
participants while they were sorted and reflected on each card scenario. The recoded of
participants’ comments on the cards allowed me to revisit the data again during the
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analysis process in order to get insight on the professional developer participants’
orientations about PD. The second card sort activity lasted up to 30 minutes for each
professional developer.
Teacher participant card sort activity. I developed another set of card-sorting
scenarios (as shown in Table 6) for the participating teachers to investigate their
orientations in science teaching. Each card scenario for the teachers was parallel to the
card scenario for the professional developers. I performed the card-sorting task with the
teachers three times in order to explore how the PD helps them to develop their
orientations in science teaching. I conducted the card sort activity at the same time as the
interviews. The first card-sorting task was at the beginning of PD, the second one was
right after the PD, and the last one was after PD unit implementation. Similar to the
professional developers, I encouraged teacher participants to talk about their teaching and
how their teaching strategies were similar to or different from those described on the
cards. After the teachers sorted and selected representative scenario cards, I asked them
to describe how the selected scenarios supported their purposes and goals for teaching a
particular topic. Because of the time constraint and the fact that teachers were exhausted
from the PD sessions, the first card sort activity did not seem to work. Unlike the
professional developers, the teachers hurried to group the cards and did not give details
about their thinking and reflections. Thus, I did not ask teachers whether or not they liked
or did not like each scenario.
Two weeks after PD, I conducted the second card sort activity with the second
interview at the participants’ schools. I asked each teacher to revisit all the cards that she
had sorted and then asked her to review each card again. I asked each teacher participant
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to put the cards into three groups: “like me,” “not like me,” and “can’t decide”. After the
teacher grouped all cards, I asked her to arrange the cards in “like me” group from most
like her to least. I asked them to do the same thing with the cards in the “not like me
group.” During the sorting, I encouraged the teachers to describe how the selected
scenarios supported their purposes and goals for teaching science. During the card-sorting
task, I took field notes of participants’ reactions when they read the scenarios, and their
pace in sorting each card. I audiotaped the participants’ thinking aloud after they read
each scenario. The second card sort activity lasted up to 50 minutes for each participant.
The third card sort task occurred after my classroom observation had ended. I
asked each teacher to revisit the cards and allowed her to reconsider whether she wanted
to rearrange the groups or order. Then, I selected some card scenarios for the teacher to
reflect on regarding how the scenario represented or did not represent her teaching. I also
allowed the teacher to change the scenarios in ways that would better match her teaching
strategy. I took field notes and recorded the participants during the sorting and reflecting.
The third card sort activity lasted up to an average of 40 minutes per participant.
Table 6
Representative Sample of Card Scenarios for Teacher Participants
Item
1.

Scenario
You, as a teacher, begin a unit of dissolution by asking students to draw a
picture of sugar when putting into water. You facilitate discussion among
students.

2.

You, as a teacher, begin a unit of electricity by having students talk about their
ideas about electricity. Then you allow students to work with a particular
circuit and develop their own explanations. You show the scientists’ ideas
about electricity, encourage a class to discuss and compare how their ideas are
different to the scientists.

conceptual
change

3.

You, as a teacher, set up classroom lessons for a unit on heat conduction. Using
resource elementary books, you select a variety of fun, and easy-to-do
activities.

activity-driven
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Orientation
conceptual
change

Table 6 (continued)
Item
4.

Scenario
When doing laboratory activities, you provide students with clear, easy
following, step-by-step directions for the activity procedure.

Orientation
activity-driven

5.

In an electricity unit, you, as a teacher, give students batteries, bulbs and
wires. You encourage the students to find all the possible ways to light the
bulb.

discovery

6.

You, as a teacher, have students observe two phenomena, salt in water and
ice in water, and generate questions about their changes. Each group designs
and carries out their own experiment to test a hypothesis related to the
group’s questions.

discovery

7.

You, as a teacher, encourage the students to place an ice brick on their table.
You encourage the students to carefully and accurately record their
observations in a journal.

process-driven

8.

As a teacher, you want teachers to learn about how sound is produced. You
decide the best way to do this is to demonstrate students with various
activities to verify a science concept of vibration produces sound.

academic rigor

9.

You, as a teacher, design a science unit around the question, “What’s in our
drinking water?”

project-based
science

10.

You, as a teacher, want students to learn the heat conduction. You decide to
ask your students to observe and record about the material used for cooking
utensil. Then you and students design an activity around the question, “What
are the best materials in making cooking utensils.

project-based
science

You, as a teacher, begin a unit on Sound by introducing curriculum,
explaining materials, allowing students doing activities, and you explaining
the concepts at the end of activities.

didactic

You, as a teacher, have your students first engage in laboratory activities in a
book, class discussion. You will end each activity with your explanation of
science knowledge beyond those activities.

didactic

11.

12.

13.

14.

15.

16.

Your students are intrigued with a Thai flute that a classmate has brought to
school. As a group, the students identify questions and ways to explore how
the flute works. You help the students organize into investigation teams, and
you investigate along with the students.

guided inquiry

Your students have just completed a simple circuit with multiple bulbs. For
the next unit on electricity, you ask the students to make the bulbs light using
a combination of wire, bulbs, and switch.

guided inquiry

You, as a teacher, have students observe a music instrument and generate
questions about how sound is produced. Each group designs and carries out
their own experiment to test a hypothesis related to the group’s questions.

inquiry

You, as a teacher, set up a variety of materials at a back of room for teachers
to investigate about sound has different properties such as pitch, volume, and
timbre.

inquiry
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Observations
Observations used in conjunction with interviews provide ways to explore
participants’ actions more deeply (Hatch, 2002). The goal of observation is to understand
the culture, setting, or social phenomenon. Direct observation is a primary source in a
case study in order to gather the evidence of relevant behaviors (Yin, 2003). Hatch (2002)
suggested five strengths of observational data for qualitative research: (1) permit better
understanding of the contexts that phenomena occurs, (2) discover how the participants
understand the setting, (3) bring out hidden things from interview to the surface, (4) learn
sensitive information, and (5) add to researcher’s experience to analyze the phenomena.
My observations took place in two phases; the first phase was during the PD, and the
second phase was in school classrooms.
PD observation. This PD project was a 3-day project held in August, 2006, which
I observed in its entirety. There were 131 teachers who participated in this PD project.
The professional developers divided the teachers to two groups (as shown in Figure 4).
Each group attended all seven sessions: 2 physics sessions, 1 biology session, 1 chemistry
session, 2 earth science sessions, and 1 session about material development. A session on
assessment and evaluation was also planned for the afternoon of the third day. However,
this session was canceled at the last minute. Instead, a closing ceremony which awarded
certificates to PD participants was shifted to replace the cancelled session.
On the first day of PD, I observed Piti and Vimon teaching sound and electricity
units to teachers in group I. There was an opening ceremony at the beginning of first day
of PD. This ceremony lasted to an hour. The sound and electricity session ran only two
hours, which was the shortest of the PD sessions. The rest of PD sessions lasted about 3
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hours. In the morning of the second day, I observed Piti and Vimon teaching sound and
electricity units again, but to teachers in group II. In the afternoon of the second day, I
observed Sommit teaching chemistry sections to teacher in group I. On the third day of
PD, I observed Somsri teaching chemistry units to teachers in group II (All teacher
participants were in group II).
My observations during the PD implementation focused on the four professional
developers as they taught their sessions and on the four teachers as they participated in
PD activities, including the instances when they collaborated with their peers. During all
observations, I took field notes and videotaped the events for the purpose of stimulated
recall and further analysis. The professional developers’ answers in the first interviews
drove my observations of PD. During PD observations, I focused on (1) how the
professional developers’ knowledge and beliefs were integrated in action; (2) how the
professional developers modeled reformed-teaching in science based on Thai educational
reform; (3) differences between PD planning and implementation; (4) how the
professional developers promoted teachers’ learning during the PD; and (5) how the
teachers constructed knowledge within the PD context. After the observations, the
stimulated recall helped me to probe the professional developers’ knowledge and beliefs
about how teachers learn and how this particular PD helped teachers learn.
Classroom observation. My observation of each teacher’s teaching in the
classroom took place from August to October. As with the professional developers, my
observation of each teacher participant’s teaching was driven by their answers on the first
and second interviews. My observations focused on the teachers’ integration of
knowledge from the PD into classroom teaching, and if the teachers adopted any
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reformed-teaching from the PD to their classroom. After I had received permission from
school principals to allow me to collect data with the teachers at schools, I set an
observation schedule with each teacher about their teaching plans, and implementation.
For the 10 weeks of my observation period, I set up and arranged a daily schedule among
Manee, Chujai, Jinda, and Wanna to observe their science teaching. They did not teach
the same period of time. Because some of their science classes overlapped, so I asked
them to rearrange their teaching schedule so that my observations were possible. During
observations with each teacher participant, I took field notes. I videotaped Manee, Chujai,
and Jinda’s when they taught science, but only took field notes when I observed Wanna
in her classroom.
Documents and Records
Documents and records are useful sources of information (Lincoln & Guba,
1985). In light of this, I reviewed IPST program artifacts, which included the proposal for
the professional development project, for the purpose of documenting issues such as the
goals of the program, the intended pedagogies, duration of the program. In addition, I
collected worksheets that the teacher participants created for their students after they
returned to their classrooms. These artifacts were secondary sources for the purpose of
understanding the teachers’ knowledge and practice.
Data Analysis
Data analysis is the interplay between researchers and data. A case study is an
exploration of a bounded system or a case over time through detailed, in-depth data
collection involving multiple sources of information that is rich in context. In this
research, I used grounded theory technique (Strauss & Corbin, 1998) to develop an
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understanding of the case. Grounded theories are likely to offer insight, enhance
understanding, and provide a meaningful guide to action. Theory that emerges from data
is more likely to resemble the reality of the case being studied than is theory derived by
putting together a series of concepts based on experience or speculation (Strauss &
Corbin, 1998). The primary data sources were field notes from observations, interview
transcripts, and responses to the card-sorting activities. Artifacts, such as PD handbook or
PD activity manual served as a secondary data source (Appendix G). I began analysis as
soon as data become available and continued through out the research process.
After interviewing the professional developer and teacher participants, I
transcribed all audio-taped interviews verbatim in Thai and then reviewed each interview
transcript for accuracy. The next step in the data analysis was to code the interview and
card sort transcripts in order to look for orientations and PCK for PD of the professional
developers. I applied an open coding process which categorized data from the interview
transcripts, observation field notes, and discourse transcripts from card-sorting into
discrete parts that I could then examine closely against the professional developers’
teaching practice. I started coding the interview transcripts with professional developers
for comments related to professional developers’ orientations to PD, knowledge and
beliefs about teachers, curriculum, strategies, and assessment for PD. I also looked for
other factors that the professional developers took into account during the PD design
process. I generated initial categories from comments in the interview transcripts that
were conceptually similar or related in meaning to the professional developers’
orientations, knowledge, and practice. According to this coding process, I developed the
categories using the research theoretical framework as a guideline in order to examine
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professional developers’ orientation and PCK for PD. I developed definitions of the
categories, and then revisited the professional developers’ interview transcripts. The
rereading and recoding processes occurred over several rounds until the generated
categories were saturated. I performed open coding of the interview transcripts and
observation field notes in order to examine the professional developers’ practice during
the PD implementation. I recoded the interview and card sort transcripts, and observation
field notes in order to support or refute the initial categories I had generated. I then
developed explanations of themes and looked for patterns. I performed axial coding
(Strauss & Corbin, 1998) in order to look for cues about how major categories related to
each other.
Observation field notes also served as a primary data source for my analysis. I
analyzed the field notes in order to understand the instructional practices of professional
developers. In addition to the analysis of field notes of observations, I reviewed all
videotapes of PD lessons to confirm the notes that I made. According to the PD
implementation clips, I developed teaching descriptions of each professional developer
that represented the typical PD implementation. In addition, the reviewing of video tapes
allowed me to look at specific events within the lessons that were taught such as, how the
orientations related to PD implementation. Throughout the descriptions of the
professional developers, I also analyzed the documents and artifacts that I collected from
PD, such as handbook and activity manual.
The comments and reflections of participants on the card sort activity served as a
primary data source for my analysis in order to explore the orientations of participants. In
an analysis of the card-sorting task, the end result of selecting a particular set of cards is

83

not particularly insightful; rather, it is the discourse that occurs during the sorting process
that offers insight into the participant’s science teaching orientation (Friedrichsen &
Dana, 2003). I transcribed the card-sorting audiotapes and I revisited the audiotapes to
gather details about professional developers’ orientations. I developed initial categories
while listening to the audiotapes. The categories I generated mainly relied on the
orientations that proposed by Magnusson et al. (Magnusson, Krajcik, & Borko, 1999). In
this study, I defined orientation to professional development as knowledge of the
importance and goals of PD to a particular group of teachers. It also refers to the
knowledge of the purposes for PD for a particular group of teachers or the overarching
conceptions of PD for a particular group. According to Magnusson et al. (1999), there are
nine orientations to science teaching: process, academic rigor, didactic, conceptual
change, activity-driven, discovery, project-based science, inquiry, and guided-inquiry. In
this study, I modified these orientations to science teaching and applied them to
orientations to PD. In addition to the nine orientations by Magnusson et al. (1999),
pedagogy-driven orientation was a new orientation to PD that I developed during the
analysis process. These 10 orientations are explained as follow:
Process – the professional developer introduces teachers to the thinking processes
employed by scientists to acquire new knowledge. They engage teachers in activities to
develop thinking process and integrated thinking skills.
Academic Rigor – the professional developer challenge teachers with difficult
problems and activities. Laboratory work and demonstrations are used to verify science
concepts.
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Didactic – the professional developer presents information, generally through
lecture or discussion and questions directed to teachers are to hold them accountable for
knowing the facts produced by science.
Conceptual Change – teachers are pressed for their views about the world and
consider the adequacy of alternative explanations. The professional developer facilitates
discussion and debate necessary to establish valid knowledge claims.
Activity-driven - teachers participate in “hands-on” activities used for verification
or discovery. The chosen activities may not be conceptually coherent if teachers do not
understand the purpose of particular activities and as consequence omit or inappropriately
modify critical aspects of them.
Discovery - teachers explore the natural world following their own interests and
discover patterns of how the world works during their explorations.
Project-Based Science – professional developer and teacher activity centers around
a “driving” question that organizes concepts and principles and drives activities within a
topic of study. Through investigation, teachers develop a series of artifacts (products) that
reflect their emerging understandings.
Inquiry – professional developer supports teachers in defining and investigating
problems, drawing conclusions, and assessing the validity of knowledge from their
conclusions.
Guided Inquiry – professional developer and teachers participated in defining and
investigating problems, determining patterns, inventing and testing explanations, and
evaluating the utility and validity of their data and the adequacy of their conclusions. The
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professional developer scaffolds teachers’ efforts to use the material and intellectual tools
of science, toward their independent use of them.
Pedagogy-Driven – Teachers were encouraged in a learning environment that
aims to introduce pedagogical knowledge and PCK that are necessary in science
teaching. The professional developer presents information through lecture, activity,
discussion and questions in order to develop an awareness of science teaching among
teachers. The chosen PD activities may or may not be selected to enhance content
knowledge for teachers.
Based on the meaning of orientations toward teaching science by Magnusson et
al. (1999), I defined orientations toward PD as professional developers’ knowledge and
beliefs about the purposes and goals for providing PD to a particular group of teachers. I
used both central and peripheral components to represent the professional developers’
orientations. I defined central components as goals that dominated the professional
developer participants’ thinking and appeared to drive the instructional decision-making
process. These goals were highly visible during PD planning, PD implementation, and
interviewed. The central goal of the majority of professional developers was to provide
activities that work (Appleton, 2005) to the teachers. They saw themselves as having a
role in exposing the PD teachers to the information about the National Science
Curriculum and helping them become aware of how to do and manage those activities in
their classroom. The professional developer participants also showed peripheral goals,
which I defined as secondary goals that slightly influence to decision-making.
As the next step in the analysis process, I developed an orientation map for each
professional developer based on the data that I analyzed from interviews, observations,
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and card sort activities. The orientation map guided me to develop claims and assertions
that answered the research questions. In the orientation map, each box, oval, line and
arrow was supported by the evidence from interview transcripts, observation field notes,
and card sorting transcripts.
For the analysis of teachers’ data, I repeated the same analysis steps with the
interview transcripts. I coded those transcripts in order to look for comments related to
teacher participants’ orientations to science teaching, knowledge and beliefs about
students, curriculum, strategy, and assessment for science teaching. During the coding
process, I developed categories and subcategories. Then, I generated definitions for each
category and subcategory that I had developed. Again, I reread and recoded the teacher
interview transcripts for several rounds until the categories were saturated.
For the card sort activity, I transcribed the card-sorting audiotapes and revisited
the audiotapes to gather details about teachers’ orientations to science teaching. I
developed initial categories while listening to the audiotapes. Similar to the analysis of
the card sort with professional developer, the categories I generated mainly relied on the
9 orientations toward science teaching proposed by Magnusson et al. (1999). I compared
these categories to the categories that I generated from the interview transcripts and
looked for the emerging themes and the relations among categories. I developed claims
based on these themes.
I analyzed the observation field notes that I took during classroom observations in
order to understand the instructional practices of teachers. In addition to the analysis of
field notes of observation, I reviewed all videotapes of classroom teaching in order to
confirm the field notes and develop teaching descriptions for each teacher that
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represented their typical teaching practice. In addition, the reviewing of video tapes
allowed me to look at specific events within the lessons that were taught such as, how the
orientations related to the instruction. Throughout the descriptions of the teachers, I also
analyzed the documents and artifacts that I collected from classrooms, such as students’
works.
I developed an orientation map for each teacher participant that later guided me to
develop the assertions in response to the research questions. I created the orientation map
based on the data for teachers that I analyzed from interviews, card sort activities, and
observations.
To support my claims with evidence during the writing process, I translated the
relevant interview transcripts and card-sort portions to English in order to communicate
with my committee members and non-Thai readers about the data. However, the
translations reflect more of the important and meaningful ideas rather than a verbatim
translation of the Thai language, which may otherwise result in the loss of meaning
during translation.
Example:
Thai:
เขาไมไดสนใจเลยวาคุณทําแลปอะไรมาเขาสนใจแตวา อะไรเปนอะไรเพราะอะไร คือคุณ
ตองทองใหไดนะ คุณตองจําใหไดนะคือเนนเนื้อหามากเกินไปกลายเปนวาเลยเปนวิทย
เปนเรื่องที่ยิ่งไกลเกินตัวเขาเขาไปใหญมันจับตองไมไดมันไมไดมองเห็น มันมีแตจาํ

Verbatim Translation:
They are not care what labs you did. They only care what is what and
why. You must read and remember. It emphasizes on content too much
so science is too far to them. It is too big, untouchable, cannot see, and
better to remember.
Meaningful Translation:
Nobody cares how good at lab performance you are, they care about
how much content you know, or memorize. Yet, for students, science is
too hard to understand, but it is easier to memorize instead.
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Because I worked at IPST for several years before I started my Ph.D. program. I
was familiar with the professional developers and also IPST’s mission as it related to
providing professional development for teachers across the country. Thus, during the
analysis process, I debriefed with my advisor and peers in the Science Education program
to ensure that my assertions were supported with data I collected, as opposed to being
based on my prior knowledge. The discussion with these individuals also helped me to
ensure that the assertions I made were aligned with the research questions.
Trustworthiness
The naturalistic criteria for trustworthiness are credibility, transferability,
dependability, and confirmability (Lincoln & Guba, 1985, p. 219). Triangulation and peer
debriefing can establish credibility; thick description can facilitate transferability;
auditing can establish dependability and confirmability.
In regard to credibility, I triangulated of data by collecting data from several
different sources: interview, direct observation, card-sorting task, and documents and
records revision. Credibility was also established through peer debriefing. According to
Lincoin and Guba, the purpose of peer briefing is to (1) help the researcher to keep
honest to the research questions, (2) provide opportunities to test working hypotheses, (3)
allow to develop initially and test next steps in the emerging methodological design, and
(4) provide the researcher with an opportunity for catharsis. In this research, I discussed
my analysis with my peers in the Science Education program to ensure that my claims
aligned with my research questions and to achieve these four purposes of the peer
briefing technique.
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To establish transferability, I provided the thick description necessary, such as
time and contexts. This thick description helps the readers to understand how the findings
are transferable to other situations.
In regard to dependability and confirmability, I asked my advisor and committee
members to play the role of external auditors to check on steps taken in relation to
credibility. This included the appropriateness of my inquiry decisions and methodology,
and ascertaining whether the findings were grounded in the data by tracing back through
transcripts. I also asked them to examine whether inferences based on the data were
logical, looking carefully at analytic techniques used, appropriateness of category labels,
quality of interpretations, and the utility of categories.
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CHAPTER FOUR: FINDINGS ABOUT PROFESSIONAL
DEVELOPERS’ KNOWLEDGE, ORIENTATIONS, AND PRACTICES
The research questions guided the findings of this study. I organize this chapter by
beginning with the discussion of the characteristics of the PD project in this study. I also
discuss the description of the implementation in PD of each professional developers,
Sommit, Piti, Somsri, and Vimon. Then, I discuss the assertions that I developed from
data to address the research questions about professional developers’ orientations,
knowledge, and practice in professional development.
Characteristics of the PD Project
This PD project was a 3-day project that was provided for private school teachers
across Thailand. The PD program and schedule was set by the professional developers
based on the primary science textbook. The sessions were organized in a parallel format
(see Figure 5). The PD participants were required participate in every session, including
Sound and Electricity, Light, Force and Movement, Biology, Chemistry, Earth and Space
Science, Sky Map Application, Instructional Material Development, and Assessment. All
the manipulatives used for the PD activities were supported by the Kurusapa Business
Organization (KBO), under the Ministry of Education. In addition, staff members at the
KBO also assisted the professional developers in preparing and distributing out the
materials to the teachers during the PD sessions.
According to Figure 7, each PD session was generally lasted 4 hours, except two
sessions that were on the first day of PD, Sound and Electricity and Biology, because
there were registration and ceremony events prior these sessions.
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Figure 7. Professional Development Schedule
8-8.30

Aug 7

8.30-9

Registration

Opening
Ceremony

9-12

PD Session: Light, Force, &
Motion

PD Session: Earth and Space Science
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PD Session: Chemistry

All PD Participants

LUNCH BREAK

PD Session: Biology

PD Session: Sound & Electricity

PD Participants in Group Two

2.45-4

PD Session: Biology

Aug 8

PD Participants in Group One

1-2.30

PD Session: Sound &
Electricity

PD Session: Light, Force, & Motion

Aug 9

12-1

PD Session: Chemistry
PD Session: Earth and Space
Science
PD Session:
Assessment of
Student
Learning

Closing
Ceremony

7-9
Instructional
Material
Development
Sky Map
Application
Sky Map
Application
Instructional
Material
Development

At the registration, the participants received a package which included a PD
handbook, Misconception in Elementary Science book, and Science Education Standards.
However, the professional developers only used the PD handbook during PD
implementation and did not walk teachers through the other two books that were included
in the package. The Misconception in Elementary Science book, in contrast to its title,
(see Appendix H) provided content knowledge in the areas of science, such as chemistry,
biology, and physics rather than misconceptions or learning difficulties that teachers or
students might have in the science classroom. The PD handbook had 470 pages included
(1) goals of science teaching, (2) pedagogy in teaching science, and (3) activity manual.
The activity manual included key concept of the activity, expected learning outcomes,
activity time duration, activity directions, materials, suggestions, content knowledge for
teachers, content knowledge for students, and examples of observation worksheets with
activity results. However, these components were not consistent among the PD sessions.
For example, the activity manual for the chemistry session did not provide answers and
activity results, while the manual of physics sessions provided the answers and results of
activities.
According to the pedagogy for teaching science discussed in PD handbook, the
PD defined inquiry as
Inquiry คือกระบวนการสืบเสาะหาความรูทช
ี่ ว ยใหผูเรียนเกิดการเรียนรูท
 ั้งเนื้อหาหลักและ
หลักการ ทฤษฎี ตลอดจนการลงมือปฏิบัติ เพื่อใหไดความรูซึ่งเปนพื้นฐานในการเรียนรู
ตอไป

Inquiry is an investigation process that helps learners to develop content
knowledge, concepts, theories, and hands-on experience, which are the
fundamental knowledge in further science education (PD handbook, p. 4)
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Furthermore, the PD manual also presented an Inquiry Cycle as shown in Figure 8,
consisting 5 steps including (1) engagement, (2) exploration, (3) explanation, (4)
elaboration, and (5) evaluation.

สรางความสนใจ
(engagement)

ประเมิน
(evaluation)

วัฎจักรการสืบเสาะหาความรู
(Inquiry Cycle)

ขยายความรู

สํารวจและคนหา
(exploration)

อธิบายและลงขอสรุป

(elaboration)

(explanation)

Figure 8. Inquiry Cycle
During the PD implementation, the professional developers chose to use the 5
steps in the Inquiry Cycle to varying degrees as the PD strategy. In addition, some
professional developers also attempted to help teachers understand this teaching model
and implement it in their classroom.
There were 133 teachers who participated in this PD; the first 66 teachers on the
list were grouped as Group One, and the remaining teachers were grouped as Group Two.
According to Figure 5, after the opening ceremony the PD participants in Group One
relocated to the Sound and Electricity session while the Group Two participants relocated
to the Biology session. In regards to this research, I observed two PD sessions --Sound
and Electricity and Chemistry sessions-- for the entire PD project.
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In the Sound and Electricity session, there were 10 groups of 6-7 teachers. The
teachers independently decided what group he/she wanted to sit. In general, the members
of group did not change for the entire PD project, and the teachers from the same school
preferred to sit together. There were six activities in the Sound unit and some activities
were divided to small parts. The six activities were:
(1)

How Sound is Produced – to introduce the key idea that sound is produced
by vibration of the sources.

(2)

How Sound Moves – to introduce the key idea that energy from vibrations
moves to every direction from the sources.

(3)

Sound Travels through Media – to introduce the key concept that sound
travels through solids, liquids and gases.

(4)

How We Hear Sound Differently - to introduce the key concept that
frequency

(5)

Pitch - to introduce the key concept that high pitch sounds are caused by
more vibrations and low pitched sounds are caused by fewer vibrations.

(6)

Energy and Loudness - to introduce the key concept that at the same
frequency more energy causes louder sound.

The PD time for Sound unit lasted one hour. The teachers were engaged in doing
activities two and five because goal of the professional developer, Piti, focused on
modeling of pedagogy in teaching science rather than introducing activities or content
knowledge. Thus, Piti chose the activities that modeled the 5E model of instruction to the
teachers.
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In the Magnetism and Electricity unit, there were six activities and some activities
were divided to small parts. The six activities were:
(1)

Magnet - to introduce key ideas on how magnets work.

(2)

Electrostatic - to introduce key ideas on how the charging of various
objects causes repelling and attraction forces.

(3)

Property of Electricity Conductor and Insulator - to introduce key ideas on
how currents can flow through conductor, but cannot flow through
insulator.

(4)

Simple Circuit - to introduce key ideas on components of simple circuit.

(5)

Series and Parallel Circuits - to introduce key ideas on the difference
between series and parallel circuits and their effects on bulb brightness.

(6)

Electromagnets - to introduce key ideas on how a moving electron
(current) generates a magnetic field around the wire.

The professional developer who took care of this unit was Vimon. She engaged teachers
in both groups to do all six hands-on activities. Teachers in Group One had only two
hours for this unit while teachers in Group Two had three hours.
In the Chemistry session, the organization of groups was similar to the Sound and
Electricity session, and teachers sit in the same groups. There were two professional
developers who took care of this session, Somsri and Sommit. While Piti and Vimon
shared the topics to teach, Somsri and Sommit decided to share the session differently.
Somsri was responsible for providing PD for teachers in Group One when Sommit was
responsible for providing PD for teachers in Group Two. Similar to the Sound and
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Electricity units, the Chemistry unit was comprised six activities, with each activity
divided into small parts. These activities included:
(1)

Materials - to introduce key ideas on how some objects are made from one
material while some objects are made from many materials.

(2)

Properties of Materials - to introduce the key idea that each material has
different properties.

(3)

Matter - to introduce key ideas on components of matter

(4)

States of Matter - to introduce key ideas on properties of solid, liquid, and
gas.

(5)

Change of Matter - to introduce key ideas of change of sate of matter,
dissolution, and chemical change.

(6)

Separation Techniques - to introduce key ideas on different techniques,
such as filtration, sublimation, and evaporation, used to separate different
types of mixture.

The PD teachers in both groups were encouraged to participate in all hands-on activities.
However, Somsri and Sommit used different strategies during the PD implementation.
Somsri and Sommit started their sessions by introducing the concept map of chemistry
concepts at elementary grades. Before allowing teachers to do the activities, they
provided an overview of each activity to teachers. However, teachers in Somsri’s session
were engaged in all assigned hands-on activities step-by-step while teachers in Sommit’s
session did activities based on Sommit’s recommendation and their own desire. The PD
implementation and strategies used of Somsri and Sommit are explained in more details
in the next part of this chapter.
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According to the PD activities, the professional developers selected activities
from the IPST Curriculum. The decision in selecting PD activities was based on personal
goals for PD of each professional developer. For example, Somsri and Sommit chose the
activities that were doable in terms of they fit with the session time slot. Piti selected the
activities that could be modeled using the 5E model of instruction when Vimon selected
activities that were fun and exciting. During the PD implementation, the PD provided
opportunities for teachers to have hands-on experience. However, the PD participants still
served their role as passive recipients of information and the professional developers
maintained their role as knowledge and information provider.
The in-depth details about PD implementations of each professional developer are
discussed in the following part of this chapter. I also discuss the individual professional
developers’ orientations and knowledge bases for PD.
The Individual Cases of Professional Developers’ Implementation, Orientation, and
Pedagogical Content Knowledge for Professional Development
Piti’s Implementation, Orientation, and PCK for Professional Development
PD Implementation
During the PD, Piti started the session by engaging teachers in an activity and
asked teachers to generate questions that they had about sound. He asked each group to
share the questions they generated while he wrote those questions on an overhead
projector. After all groups shared their questions, Piti only answered a few of them. But,
for some questions, he asked the teachers to go back and find the answer themselves. He
reminded teachers that in the science classroom the teachers should not immediately
answer the students’ questions. Instead, the teachers should encourage students to find the
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answer to their questions first. After the demonstration of an engagement step, Piti asked
teachers to recall what he did since the beginning of the session in order to engage
teachers a sound lesson. Right after his posted question, Piti wrote “1. Engagement” on
an overhead projector; then, he explained what the teachers should do to be able to
engage students in the science lessons. He also provided the techniques that teachers
might use with their students. After explaining the first step of 5E, Piti went back to the
questions that teachers raised at the beginning. He indicated to the teachers that the
students might come up with many questions, but there will only be one question that will
fit the lesson that teachers planned for that day. To model the next step, exploration, Piti
selected a question about how sound is produced. Piti allowed teachers to explore a
selected activity on the concept that sound is produced by vibration. The teachers had
about 20 minutes for exploration while Piti observed each group of teachers. After the
teachers finished the activity, Piti wrote “2. Exploration” on an overhead projector and
reminded teachers that they needed to allow the students to explore or do activities based
on the students’ question. Piti allowed teachers to perform hands-on activities for the
concept of sound is produced by vibration. Teachers were asked to fill different types of
glass with water. Piti told teachers to wash their hands before rubbing at the edge of
glass. After teachers finished the activity, Piti wrote “3. Explanation” on a projector and
explained to the teachers that this step was for the students to play a role. He mentioned
to the teachers that they should have the students formulate their explanation based on the
observation or data that the students collect while doing activities. According to time
restriction, Piti told teachers that he would not let teachers to do this step. Instead, he
moved on the next step of the 5E model of instruction called Elaboration. Piti indicated
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that the students’ explanation may or may not be scientifically correct. Thus, it was the
role of teachers to explain or lead the students’ knowledge or explanation toward a
scientific meaning. He called this process “elaboration”. Then, Piti modeled the
elaboration step by explaining the scientific knowledge about how sound is produced by
vibration.
To teach the concept of frequency, Piti spent a few minutes explaining the
concept of frequency to the teachers. However, the materials--ruler and play-do-- caused
some problems. Because the session was shifted to another room, the ruler and play doe
were lost for the second session. Thus, the teachers in Group One had an opportunity to
do the frequency activity, but the second group of teachers did not. Although Piti
indicated that the concept of sound at the elementary level was very easy for the teachers,
he only spent 10 minutes to talk about this concept to the teachers, while he spent to 45
minutes on the concept that sound produced by vibration, a topic which he believed
teachers would not have difficulties to learn and teach.
Piti prepared two activities that introduced the concept of frequency to teachers.
Figure 9 represents the first activity that Piti showed the teachers. He told teachers to
place a ruler on the table and press at the other end of ruler and see how fast the ruler
would swing. Figure 10 shows the second activity that Piti introduced to teachers about
the frequency concept. He asked teachers to put play-do at the end of a ruler and swing
the ruler. He asked teachers to compare whether the ruler with or without a play-do
swings faster.
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Figure 9. Professional development activity one on the frequency concept.

= play-do

Figure 10. Professional development activity two on the frequency concept.
Although Piti provided the activities with a ruler and play-do to teachers, he indicated
that these two activities were too difficult for the teachers to understand. In addition, Piti
only demonstrated these activities to teachers, but did not encourage each group of
teachers to perform these activities. According to Piti, to teach this concept, the teachers
should directly tell the students what frequency is and what its impacts is to human
hearing.
After talking about the frequency concept, Piti returned to the overhead projector
to introduce the last step of the 5E model of instruction, the evaluation. For this step, Piti
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did not spend much time on it as compared to the earlier four steps. He did not model
how to assess students’ or teachers’ learning. He only mentioned that the teachers already
knew and did the formative and summative assessment in their classrooms. Piti’s session
lasted about an hour.
Orientation
Figure 11 represents my analysis of Piti’s orientation to PD. I found that, during
the interviews and PD implementation, Piti’s orientations to PD consisted of 3 central
goals and 2 peripheral goals. His central goals were 1) to model teaching science through
inquiry; 2) to introduce scientific activities in the IPST curriculum that were aligned with
the reformed National Standards; and 3) to develop PD participants’ laboratory skills
necessary to make each activity work. Piti clearly indicated in the first and second
interviews that his goal for this PD was to model how science should be taught at
schools. He did not worry that teachers lacked content knowledge on sound concept.
Because, as opposed to the public school teachers, the majority of science teachers in the
private schools had a science education background.
ในการอบรมครัง้ นี้ตัว basic concept ของครูที่เขาอบรมครัง้ นี้คอนขางดี เพราะครูเอกชน
สวนใหญเคาจบมาตรงวุฒิ โรงเรียนก็พรอมกวาโรงเรียนของรัฐ จึงไมมีปญหาเรื่อง concept

As opposed to public school teachers, teacher participants in this PD had
good basic concepts in science because most of them had education
background in science education. (Piti, Interview #1)
He stated that the physics concepts in elementary science were not too difficult for the
teachers. In addition, there were many resources that the teachers could use to find the
scientific knowledge, such as science textbooks and the PD manual. Piti indicated that the
current problem in teaching science at schools occurred because the teachers did not
know how to teach science effectively.
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support

•
•

Develop Teachers’ Ability
in Teaching Science Using
5E

•

Demonstration of 5E model
Show variation tool kits for
each activity
Demonstrate how to duplicate
some kits

Classroom Implementation

for

To introduce activities in curriculum
Encourage teachers to do activities
To suggest problems in doing activities

= peripheral goals

Provide clear steps and tips of
doing activities in PD manual
Provide suggestions and tips
in doing activities during PD
implementation

= central goals;

•

•

•
•
•

Science Activities in the IPST
Curriculum

through

Introduce 5Es by modeling how to use
this strategy.
Give explanation about each step of 5E

Develop Teachers’ Basic Lab
Skills to Make Activity Work

•

•

Modeling 5E Model of Instruction

Figure 11. Piti’s Goals for PD

To support these goals, Piti spent most of the PD session explicitly introducing and
modeling how teachers could implement the 5E model of instruction in the science
classroom.
กิจกรรมที่เขาควรจะเห็นก็คือกิจกรรมที่จะนําเขาไปสูเรื่องของกระบวนการสืบเสาะหาความรู
จริงๆเราก็คด
ิ วาตัวเนื้อหาเขาสามารถจะหาเอาเองไดแตสิ่งทีต
่ องการใหเขาเห็นหลักๆก็คือ
กระบวนการเรียนการสอนวาทําอยางไรอันนั้นคือจุดประสงคหลักจริงๆแลวไดแสดงใหดูวา
เมื่อไดคําถามแลวเอามาทําอยางไรจึงจะเขาสูก
 ระบวนการเรียนไดซึ่งโดยทั่วไปเทาที่เคยดู
มาไมคอยไดใชคําถามจากเด็กโดยมากแลวเขาจะบอกเลยวาวันนี้จะเรียนเรือ
่ งอะไร

The activities that the teachers need to see must be the activities that lead
to the inquiry process. I think the teachers could develop the content
knowledge from the resource books. The most important thing for the PD
is to help them have experiences that show how science should be taught.
My goal is to show them how to use the students’ questions into the
process of teaching and learning. The teachers normally do not use the
students’ questions to guide the lesson, but directly tell the students what
they are going to teach. (Piti, Interview #2)
Piti’s goal in the PD was to model science teaching by using the 5E model of
instruction rather than to develop teachers’ understanding of concept on sound. Hence,
Piti selected activities in which he was able to model all steps in the 5E model of
instruction rather than selecting an activity that could help teachers understand a concept
that most teachers had difficulties in understanding and teaching, such as the frequency
concept.
อันแรก [กิจกรรม] จะใหเวลาเยอะเพราะมีเรื่องกระบวนการเรียนการสอนเขาไปแทรกเยอะ
เรามีหนาที่ทจ
ี่ ะตองเผยแพรออกไปโดยทําใหดู เราพยายามทําใหดูโดยทีไ
่ มไดบอกเหมือน
การบรรยายวา inquiry 5E ตองทําอะไรบาง ตรงนั้นเปนmain point สวนตัวหลังนี้เปน
การใหความรูโดยไมแสดงวิธส
ี อน

I spend a lot of time at the beginning of the session because I have to show
teachers about the teaching techniques without telling them step-by-step
and that is the main point for this PD. At the end of the session I only
provide knowledge for the teacher without modeling teaching. (Piti,
Interview #2)
In addition to having teachers visualize science teaching by modeling the 5E model of
instruction in teaching science, Piti also asked teachers to reflect on what he had done in
order to engage them to the science lessons. Piti indicated that allowing teachers to
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visualize a good example of science teaching and having them have the same experiences
as students were not enough. In order to help teachers develop solid understanding, the
professional developers needed to provide knowledge and other important information
that were necessary in teaching science.
วิทยากรควรจะใหครูทาํ กิจกรรมแบบเดียวกับที่นักเรียนทํา แตวิทยากรตองคอยเสริมความรู
และเนนย้ําใหครูตระหนักถึงบทบาทและหนาที่ของครูในแตละ step ของ 5E

Professional developers should have teachers to do the same activity as
their students. But, professional developer have to emphasize and help the
teacher be aware of their role in each step of the 5E. (Piti, Interview #1)
Hence, during the introduction of the 5E model, Piti wrote each step of this model on the
transparency sheet and provided an explanation of teacher’s role in each step of the 5E.
He thought this would help teachers have a clear vision how the 5E model should be
implemented in their classrooms. Piti also provided knowledge and tips of each step in
5E that teachers might use in their classroom. For example,
เมื่อเด็กเกิดปญหาแลวตองทําอยางไร ไมใชครูบอกคําตอบเลยนะ อยางเมื่อสักครูผ
 มตอบ
คําถามของอาจารยมย
ั้ ผมบอกวาถาอยากรูก็ตอ
 งลองทําดู ทีนี้เมื่อเด็กมีคําถามที่เคาสนใจ
แลวก็มาถึงขั้นสํารวจตรวจสอบ ซึ่งมันก็ไมใชแคสํารวจอยางเดียว บางวิชาอาจใชการสํารวจ
แตบางวิชาอยางฟสิกสนี่ก็จะใชการทดลองเปนสวนใหญ เชนถาเราอยากรูวา เสียงเกิดจาก
่ งความรอนบน
อะไรก็ตองทําการทดลองเพื่อใหไดคําตอบ แตถาทดลองไมได เชนสอนเรือ
ดวงอาทิตยมันทดลองไมไดเราก็ไปใชวิธีอื่น เชนใชการสืบคนขอมูล แตครูมักเขาใจวาการ
ี อบถามจากผูร ูก็ถือวาเปนการ
สืบคนขอมูลคือการคน internet อยางเดียว จริงๆ อาจใชวิธส
สืบคนขอมูลทั้งสิ้น

When students have questions about a phenomenon, teachers might not
directly answer those questions. If you notice my teaching, did I tell you
the answer? What I told you is you have to search for the answer on your
own either by experimentation, or looking at the textbook. So, when
students have questions, we engage them to the next step, exploration. In
some areas of science, it might use only survey, but in some areas like
physics most of exploration methods are experimentations. However,
some concepts can’t be learned by experiment such as, heat on the sun.
Instead, they can do searching for information, which teachers
misunderstand as searching for information only through the Internet.
Actually, asking experts is also counted as searching for information, too.
(Piti, During PD Implementation)
In addition to increase teachers’ experience in teaching science using 5E teaching
strategy by engaging them to participate in hands-on activities that were in the IPST
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Curriculum, Piti indicated that teachers’ experience on hands-on activities in the
curriculum would lead to the possibility that teachers implemented those activities with
their students in the same way that they had learned.
วิธีทําการทดลองโดยใชการทดลองเหมือนในหองเรียนจริงใหเขาลองทําเปนกิจกรรมการ
ทดลองที่เราไดเสนอแนะไวในหนังสือเรียนใหเขาลองทําเพื่อจะไดนําไปใชเพราะบางคน
เขาก็ไมเคยใชหนังสือ สสวท. เขายังไมคุนเคยกับการทดลองเหลานี้ เขาจะไดเอาไปใช

In the PD, I will have teachers do the activities in the same way that they
have to teach students in classroom. I select some activities from the IPST
curriculum that they use at school. Some teachers are not familiar with the
curriculum. So, they can practice then use it with their students. (Piti,
Interview #1)
Another central goal of Piti was to develop teachers’ basic lab skills to make
activities work. During the PD implementation, Piti kept emphasizing to teachers that:
ครูตองทํากิจกรรมใหเปน ทําใหถูกตอง ไมอยางนั้นเอาไปสอนเด็กไมได

Teachers have to know how to do the activity and do it correctly.
Otherwise, you don’t know how to teach your students. (Piti, During PD
Implementation)
For example, when teachers did the activity on rubbing a glass with water, Piti told
teachers to wash their hands before rubbing the glass.
อาจารยครับทําไมผมถึงบอกใหอาจารยไปลางมือกอนทํากิจกรรมนี้ ถาอาจารยไปทําที่
โรงเรียนอาจารยไมลางมือ ทีม
่ อ
ื อาจารยมีโลชัน
่ ที่ทาไว ทํายังไงก็ไมดังนะครับ

ฺI asked you to wash your hand before doing this activity. If you do this
activity at school and you forget to wash your hands, it won’t work
because you put lotion on your hands before leaving home, right? (Piti,
During PD Implementation)

When Piti found many teachers still could not make sound from rubbing the glass, he told
teachers to touch at the handle of the glass rather than at the body of glass. He explained
the reason to the teachers and warned them that they should know how to do this activity
in order to help their students out of the problems when doing this activity.
According to the Figure 11, Piti’s peripheral goals were 1) to develop teachers’
teaching ability using the 5E model of instruction, and 2) to provide ideas and support for
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the PD participants to implement activities using the 5E teaching strategy in their
classrooms. I defined teachers’ ability to use the 5E model of instruction and teachers’
implementation of the teaching strategy and activities as peripheral goals because Piti
stated these two goals during the interviews without taking any explicit action in helping
teachers to meet these goals. During his PD session, Piti asked the PD participants to
recall what teaching strategies he used at the beginning of the session. He also provided
some suggestions to the teachers about what types of questions that they should ask or
not ask students, and how the teachers should treat their students in science. Piti provided
ideas of how the teachers could modify other materials for science instruction. However,
Piti did not have other strategies or follow-up plans in order to help teachers develop their
teaching ability in the classroom. He believed that:
อันนี้ตอบยากเพราะวาเราไมมช
ี วงทีม
่ ีการประเมิน แตกรณีที่เราแสดงใหดู เชนแสดงใหดูวา
เสียงเกิดจากการสั่นของแหลงกําเนิดเต็มรูปแบบเขาคงเอาไปใช แตอันที่เราไมไดแสดงให
ดูเต็มรูปแบบคงไมคอยไดใชเพราะเขายังไมเห็นตัวอยางวาเวลาใช ใชอยางไร

It is difficult to say whether or not the teachers will meet my goals. But I
hope teachers will implement the 5E model that they have experienced in
the PD, especially, the activities that I fully modeled to them. (Piti,
Interview #2)
When asked about how PD should be implemented, Piti indicated that to help the
teachers understand science teaching aligned with the reform in science education, the
strategies used in PD should be similar to the strategies that the teachers needed to teach
in the classrooms.
เราควรใหเคาไดเรียนเหมือนนักเรียน ใหเคาไดรูจักคิดเอง ทําเองกอน ไดเสนอปญหา รูจัก
ตั้งปญหา เราจะกระตุนใหเคาเกิดปญหา จากนั้นคอยเสนอแนะวิธีแกปญหาใหเคา

We [professional developers] should teach them the same way that they
have to teach their students. We have to challenge them with the questions
in order to push them thinking. We push them to have problems or
problems. Then, at the end we provide the solution for them. (Piti, Card
sort Activity)
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During the card sort activity, Piti sorted scenario 11, 7, 8, 5, 3, and 12 as the
scenarios that most represented his PD teaching. Piti’s interpretations of the six scenarios
are shown in Table 7.
Table 7
Piti’s Arrangement and Interpretation of the Card-Sort Scenarios
Items
11

Scenarios
Teachers are intrigued with a Thai flute that
a classmate has brought to school. As a
group, the teachers identify questions and
ways to explore how the flute works. You
help the teachers organize into investigation
teams, and you investigate along with the
teachers. (guided inquiry)

Piti’s Interpretations
“I believe that I used strategies stated in this
scenario during the PD. Instead of using Thai
flute, I used other materials, for example, the
activity to fill a glass with water and rub it or the
activity about making sound with a tuning folk. I
encouraged teachers to generate questions that
they wanted to know about these things then had
them perform activities and wrote down their
observations. Teachers had an opportunity to
report the findings. It was similar to this
scenario.” (activity-driven)

7

As a professional developer, you want
teachers to learn about how sound is
produced. You decide the best way to do this
is to demonstrate teachers with various
musical instruments to verify a science
concept of vibration produces sound.
(academic rigor)

“I used demonstration techniques during the PD
implementation. However, this scenario doesn’t
tell what teachers have to do after the
demonstration. Do they have to make their own
conclusion and explanation of the demonstration?
Anyway, I arranged this scenario in the second
order because I also used this strategy in the PD.”
(activity-driven)

8

You, as a professional developer, design a
PD lesson on dissolution by encouraging
teachers to do activities that their students
would do. At the end of session, you assign
teachers to discuss within their group, then
as a whole about what they learn about
dissolution and about teaching this unit.
(reflective)

“We should allow teachers to have the same
experience as they have to teach in the
classroom. So, I agree with this scenario. In
addition, the strategies used in the scenario are
similar to what we used in the PD.” (activitydriven)

5

You, as a professional developer, engage
teachers in discussion about how they are
going to teach a sound unit to 5th grade
students. You encourage teachers to work in
group to discuss and develop a 1-week
lesson plan of this unit. (problem-based
learning)

“We used to provide PD for teachers by teaching
them how to develop lesson plan. So we did this
PD before.”
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Table 7 (continued)
Items
3

Scenarios
You, as a professional developer, set up PD
lessons for a unit on heat conduction. You
introduce heat conduction activities for a 6th
grade elementary book. You select a variety
of fun, and easy-to-do activities for PD.
(activity-driven)

Piti’s Reflections
“I normally did not overview about the activities
in the elementary book because teachers might
know that already. Instead, they want to know
how to use those activities in the classroom. But,
I agree that the activity should be interesting to
teachers so they will implement it at school.”
(activity-driven)

12

Teachers have just completed a simple
circuit with multiple bulbs. For the next unit
on electricity, you ask the teachers to make
the bulbs light using a combination of wire,
bulbs, and switch. (guided inquiry)

“I will use this activity for the elaboration step.
Actually, the activity in the scenario isn’t clear in
terms of the purpose of the activity. What do
want teachers to know about the function of a
switch? However, I think it can be used to
elaborate teachers’ knowledge.” (pedagogydriven)

Table 7 reveals that Piti’s orientation was likely a shift from a traditional, didactic
teaching approach to an activity-driven approach. Piti preferred teachers to have
experience with hands-on activities when they came to the PD. During the PD, Piti
focused on using the 5E model of instruction as a PD strategy. Piti reflected on scenario
11, that he allowed teachers to generate questions from his engagement activity then
selected a question for teachers to explore. He also provided an opportunity for teachers
to develop their own conclusion and represent their data. Thus, although the scenario 11
was meant to represent guided-inquiry orientation, Piti’s interpretation of this scenario
did not align with this orientation and was more of an activity-driven orientation.
Although Piti put scenario 11 in the first order and scenario 7 second, his PD
implementation strategies were closer to scenario 7 than scenario 11. Piti elaborated that:
จริงๆแลวสถานการณที่ 11 จริงๆ คืออันที่เราแสดงการเรียนการสอนนะ นั่นคืออันนี้นะ เขา
ตั้งคําถามเสร็จ เราใหเขาทดลอง และเขียนขอสรุปคืออันนี้เลย สวนหลังจากนั้นก็ใชการ
สาธิต เชนจะเปนกบก็ดี จะเปนขลุยเสียงนกก็ดี ปองแปงก็ดีไมไดใหเขาทดลอง ใชการ
สาธิตเพราะวาบางอยางเอามาทดลองใหดูหมดไมได แตใจจริงอยากใหครูไดลงมือทําเอง

I think I also used strategies in scenario 11. I had teachers generate
questions, explore, and make conclusion and presentation. Only at the end
of the session did I use demonstration techniques because there was not
enough time to have teachers do every activity, which I don’t really want
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to demonstrate. If it is possible, I want teachers to have hands-on
experience. (Piti, Interview #2)
Piti seemed to hesitate when he read scenario 7. After he arranged this scenario in
second place in the order of the cards that represented his teaching strategy, he explained
that:
ลังเลเพราะจริงๆแลวจากการอบรมที่เราทําใหครูดห
ู ลายๆ อยางแลวก็สาธิตเนี่ย มันไมไดใช
กระบวนการที่ครูตองทดลองเองทั้งหมดเพราะวาบางอยางเอามาทดลองใหดห
ู มดไมได
หลายๆอันที่เราทําใหดูก็คือสาธิต

I hesitate in sorting this card because we demonstrated many activities to
teachers during the PD. We did not allow teachers to do the investigation
process, which is important. But, we used demonstration because we could
not have teachers do every activity. So, we decided to demonstrate to them
instead. (Piti, Card Sort Activity)
Piti indicated during the card sort activity that he did not walk teachers through an
overview of the entire sound unit because he believed that teachers should know that
already or they might do that themselves.
หลักสูตรบทเรียนเขารูจักอยูแลว มันไมใชการเริ่มตนการสอนดวยการแนะนําอีกมันนาจะใช
วิธีการแบบประเภท ถาใหเคาทดลอง ก็แนะนําใหเขาลองทดลองดูซิ ใหสงั เกตจากนั้นก็เปน
ขอสรุป มันควรจะเลียนแบบการสอนในหองเรียนมากกวา

Teachers already know the curriculum so we should not start teaching by
introducing the curriculum. We should start by encouraging teachers to do
activities and make observations and conclusions. The strategies used in
PD should be parallel to classroom teaching strategies. (Piti, Interview #2)
Thus Piti agreed with the PD strategies in scenario 3, which represented an activitydriven orientation, in terms of selecting a variety of fun and easy-to-do activities for PD.
Piti exhibited activity-driven when he encouraged teachers to participate in an
activity in order to verify the concepts on sound. Because his central goal for the PD was
not to develop teachers’ content knowledge, Piti did not pay attention to whether or not
the activities that he provided for teachers develop conceptual understanding among the
teachers.
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Piti also displayed a didactic orientation when he indicated that some topics that
were abstract could not be taught using the 5E model of instruction. Rather, Piti
determined that when teaching abstract concepts, it was necessary that knowledge of
those concepts would be transmitted by the professional developers to the teachers. As he
indicated, some concepts were too difficult for the teachers to develop an understanding
on their own. Thus, in his mind it was necessary to tell them. As he indicated, some
concepts were too difficult for the teachers to develop an understanding of by themselves.
Thus, it was necessary to tell them.
เรื่องของความถี่เพราะคอนขางจะเปนนามธรรมทดลองก็คอนขางจะยากสักนิด การที่จะ
นําไปสูเรื่องของความถีน
่ ี้ ถาคนที่ไมรูจักเรื่องของความถี่มาเลยมันอาศัยการบอกเสียสวน
หนึ่งเปนการใหความรูโดยตรงเสียสวนหนึ่งแตการทดลองคงจะบอกไมไดวา นี่คือความถี่ มัน
เปนการบอกใหทองจํา

The concept on frequency is abstract, which need to tell teachers directly.
Although we have some activities about this concept, they are difficult to
understand. (Piti, Interview #2)
In addition to pedagogy-driven, activity-driven, and didactic orientations, Piti
minimally displayed a discovery orientation when he indicated that:
ยุททธศาสตรทใี่ ชคือเมื่อเคาเกิดปญหาแลวเคาก็อยากเรียน อยากรูเพราะมันเปนคําถามของ
เคาเอง จากนั้นเราก็ใหเคาทดลองดู โดยเราอยาเพิ่งบอกคําตอบเคา ใหเคาลองทําดู เชน
ถาเราอยากรูวาเสียงเกิดจากอะไรก็ตองทําการทดลองเพื่อใหไดคําตอบ

My strategy is to make teachers develop problems about the topic and
want to find out the answer. In this case, they will be ready to learn
because the question is formulated by them rather than a teacher. Then, I
will encourage them to do activity in order to find the answer. (Piti,
Interview #2)
The excerpt above reveals that Piti displayed a discovery orientation because he tried to
initiate a student-centered learning approach by encouraging teachers to formulate
questions about sound concepts and perform activities in order to answer their own
questions. However, during the PD implementation, although teachers raised several
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questions about sound, Piti chose a question for teachers to investigate rather than one the
teachers selected themselves.
In summary, Piti’s philosophy contained multiple orientations to PD. His
orientations that explicitly appeared during the PD implementation were pedagogydriven. He also exhibited activity-driven orientation, didactic orientation and discovery
orientation. However, these orientations to PD were not consistent and depended on the
topic or scientific concepts that he taught in the PD. As in pedagogy-driven orientation
case, Piti focused on the development of teachers’ knowledge of using the 5E model of
instruction, which he called inquiry. Opposed to other professional developers, Piti only
presented two concepts in the sound unit to the PD teachers. He consistently was strict in
his role as a model in teaching science using the 5E model of instruction rather than
guiding teachers on the performance of activities and covering all concepts in the sound
unit.
PCK for PD
Knowledge of teachers’ understanding of science. Piti demonstrated his beliefs
that the PD participants already had adequate content knowledge for teaching science. As
Piti said, “unlike public school teachers, private school teachers had good basic concepts
in science because most of them had science education background”. (Piti, Interview #2)
In addition, Piti believed that the concept of sound did not lead to any difficulties for
teachers to understand. He believed, this concept was easy and he would not have any
problems with teachers not understanding the concept.
เสียงเปนเรื่องที่สว นใหญครูมี basic concept อยูแลว จริงๆ มันเปน concept งายนะ ใน
เรื่องของเนื้อหาเทาทีผ
่ านมาไมมีปญหาจริงๆเราก็คิดวาตัวเนือ
้ หาเขาสามารถจะหาเอาเอง
ได
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Sound is a fundamental concept, which teachers should know already
without any difficulties to learn. They can find content knowledge
everywhere. (Piti, Interview #2)
In addition, Piti believed that teachers could look for scientific knowledge from other
resources such as a science textbook or the PD handbook. Thus, he believed the essential
needs of teachers were how to teach science effectively based on the reformed National
Standards. He also indicated that when the teachers did an activity, they would also
develop or confirm their existing knowledge. These activities would help the teachers to
make sense of the sound concepts.
Furthermore, Piti did not show any awareness of the need to find out teachers’
prior knowledge. For example, Piti did not agree with scenario one of the card sort
activity which had teachers draw a picture of sugar when it was put in water. He
indicated that this activity is doable so drawing might not be necessary.
ของมันทําได เชื่อวาอะไรก็ตามที่เขาสามารถจะทําไดที่เห็นไดจากของจริง ควรที่จะทําจริง
ไมใชจินตนาการ

I believe that we should allow teachers to have real experience when it is
possible. In regards to this activity [drawing picture of sugar in water], we
should have teachers do it rather than have them imagine about it. (Piti,
Card Sort Activity)
To teach this topic, as Piti reflected on the scenario one, teachers should be encouraged to
do hands-on activity by putting sugar in water and observe the phenomenon instead of
drawing a picture. He did not seem to realize that drawing a picture of sugar dissolving
might provide a window for the professional developer to explore teachers’ prior
knowledge before learning a concept on dissolution.
Knowledge of PD strategies. Piti believed that there were 5 steps in teaching
science. He explicitly demonstrated that 5E is inquiry. Piti used this strategy in the PD
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because this teaching strategy was requested by Science Education Standards and IPST
Curriculum.
การใชกระบวนการ Inquiry ในการอบรมเอาอันแรกกอนเพราะ สสวท. สนับสนุนใหใช
กระบวนการนีใ้ นการจัดการเรียนรูวท
ิ ยาศาสตร นั่นคือเรามีหนาทีท
่ ี่จะตองเผยแพรออกไป
โดยทําใหดู เราพยายามทําใหดูโดยที่ไมไดบอกเหมือนการบรรยายวา inquiry 5E ตอง
ทําอะไรบาง 1, 2, 3, 4, 5 อันนี้คือยุทธศาสตรทใี่ ช

The IPST Curriculum requires the teachers to teach science using the
inquiry process. So, it was our job to help the teachers understand this
teaching technique. We tried not to tell them directly what the 5E was, but
we modeled it to them by using this technique. (Piti, Interview #2)
In addition, Piti also believed that teachers had more interest in learning and doing
science when they were engaged in the inquiry approach.
ก็นาจะได คิดวาเขาสนใจ จากการสังเกตุวาเขาตั้งอกตั้งใจทําไหม อาจจะมีสว นนอยที่เขา
อาจจะเคยทํามาแลวเทาทีด
่ ูมน
ั ก็ไมนาจะถึง 5% ที่ไมคอยสนใจเทาไหร คือเคยทํามาแลว
หรืออะไรสักอยาง หรือไมไดสอนเขาก็อาจจะไมสนใจแตเทาที่ดส
ู วนใหญกส
็ นใจแลวก็ทํา

I think this strategy makes teachers interested to participate in learning
science. They have attention in doing the activity. There might be some
teachers who did these activities before, paying less attention to it, but I
think it’s less than 5%. (Piti, Interview #2)
The excerpt above reveals that Piti used the 5E model of instruction as his PD strategy
because the teachers were requested by the Standards to use this strategy in their
classroom. Piti thought that inquiry made teachers active in learning science, but it was
still the professional developer’s job to provide correct knowledge to the teachers. Piti
exhibited the knowledge of the 5E strategy in that he was able to describe each phase of
the 5E model, but he only demonstrated some phases to teachers. He also helped teachers
to relate their experiences in the PD to a learner to experiences in a classroom.
Furthermore, Piti exhibited orientations to PD which were linked to the use of his
PD strategies. For example, Piti reflected on scenario two during the card sort activity,
say that having the teachers discuss and share their experiences before doing an activity
wasted PD time and that teachers’ discussion could easily be thrown off.
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ไมชอบมากตรงที่วาครูพูดคุยเกี่ยวกับประสบการณของตัวเองเกี่ยวกับเรื่องไฟฟาเนีย
่ เคา
จะไมพูดเกี่ยวกับเรื่องที่จะทํากิจกรรมเรื่องไฟฟาเพราะวาสิ่งที่ใกลชิดตัวเคาคือไฟฟาสลับ
ไมใชไฟฟากระแสตรง เพราะที่ผา นมาคุยกันเรื่องไฟฟาสลับทั้งนั้นเลยแตไปเรียน
กระแสตรงมันก็นําเขาเรื่องไมไดสักที การเชื่อมโชงและอธิบายสิ่งที่เรียนรูจากกิจกรรม
เหลานั้น อันนี้จริงๆ ก็คงจะ คือบอกไดวามันเปนอยางไร แตการเชื่อมโยงกับชีวิตประจําวัน
เชื่อมโยงไดยาก นําเสนอความรูเรื่องไฟฟาทีท
่ ดลองโดยนักวิทยาศาสตรอน
ั นี้จริงๆ แลว
ถาที่อธิบายโดยนักวิทยาศาสตรนี่มันไกลตัวมากเลย คนละอัน ยิ่งตอนทายยิ่งบอกวา
ความรูของตนเองกับนักวิทยาศาสตรคนละเรือ
่ งเลย

I don’t like this scenario when it said allowing teachers to share their own
experiences about electricity. I believe that their discussion will not relate
to the lesson that we are going to learn. In the science curriculum, the
electricity that they are going to learn is direct current. But, in their
everyday life it is alternating current. So if we let them talk about their
experiences, it won’t get to the topic that we want them to learn.
Connection to the everyday life is good, but it is too difficult for this topic.
In addition, at the end the card said having the teachers compare their
explanation to the scientists. The explanation by the scientists is too
difficult to understand for the teachers and their explanation compare to
the scientists would be like a different story. (Piti, Card Sort Activity)
Hence, Piti did not believe it necessary to provide time for teachers to express their
knowledge about the particular topics either before or at the end of the PD.
Piti also displayed knowledge of PD strategies when he indicated that he selected
only the activities on sound that allowed him to model the 5E model of instruction as well
as were easy for teacher to understand the concept by doing activities. However, if he
taught different topics in sound unit, such as frequency, he might use other strategies in
helping teachers understand the concept.
การที่จะนําไปสูเ รื่องของความถี่นี้ ถาคนที่ไมรจ
ู ักเรื่องของความถี่มาเลยมันอาศัยการบอก
เสียสวนหนึ่งเปนการใหความรูโ ดยตรงเสียสวนหนึ่งแตการทดลองคงจะบอกไมไดวานี่คือ
ความถี่

To teach the concept of frequency, if they don’t know about frequency
before or they don’t have knowledge or ideas about it, we have to give
knowledge to them directly about what frequency is. Teachers or students
cannot learn from doing the activity alone. (Piti, Interview #2)
If Piti had different goals for PD, such as to develop teacher’s content knowledge, the 5E
teaching strategy might not be appropriate for the PD. Consequently, it might be possible
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that Piti would utilize other ways of representing the concepts instead of the 5E model of
instruction in order to meet the new goals.
สวนการใหองคความรูอันนี้ก็เปนสิ่งที่เราจะตองให basic concept แกครู เราใช
กระบวนการทั้งหมดไมได เราก็ตองใหองคความรูโดยตรง การใหองคความรูนั้นก็ตองสอน
วิธีทําการทดลองโดยใชการทดลองเหมือนในหองเรียนจริงใหเขาลองทําเปนกิจกรรมการ
ทดลองที่เราไดเสนอแนะไวในหนังสือเรียนใหเขาลองทํา แลวใหความรูเคาอีกทีตองมีการ
เนนเนื้อหา

We have to give content knowledge to teachers. We cannot use the
process, but have to direct them to knowledge. In case that the PD has
emphasis on developing content knowledge to teachers, they have to do
the activity similar to their students. Then, we provide content knowledge
to teachers after the activity. (Piti, Interview #2)
Knowledge of PD curriculum. Piti minimally exhibited his knowledge of goals of
the PD curriculum and also goals of the Science Education Standards. He indicated that
teachers needed to teach science in a way that aligned with the requirement of the
Standards.
กิจกรรมที่นํามาใชก็มาจากหนังสือเรียนที่เคาใชสอนกันในหองเรียนนั่นแหละซึ่งเปนไปตาม
มาตรฐานแนนอน

The PD activities are selected from IPST Curriculum that most teachers
use at school. Thus, our PD curriculum surely aligns with the Standards.
(Piti, Interview #1)
However, there was not enough information to develop claims about what Piti knew
about the PD curriculum.
Knowledge of assessment of scientific literacy. Piti’s knowledge of assessment of
teachers’ scientific literacy seemed to be limited in terms of ways and aspects of teachers’
learning that were important to assess within a sound unit. However, Piti expressed that
in general the way that he employed to assess teachers’ learning was from the discussion
with teachers. He indicated that he noticed whether or not teachers had accurate
understanding of the concepts by their questions during the PD.
จริงๆแลวเราดูจากคําถามที่เขาจะถามเรากลับมาไมมีการวัดและการประเมินผลในการอบรม
ก็จริง แตเราสังเกตุจากคําถามในบางเรื่องที่เขาไมคอยมีพื้นฐานเนี่ยเขาจะมีปญหาที่ถามทํา
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ใหเราทราบวาเขาจะอธิบายไดหรือไมได แตนค
ี่ ําถามที่เขาถามมาเปนคําถามที่ไมใชในเรื่อง
concept หลัก อยางที่บอกวาโดยมากเขามีปญ
 หาในเรื่องเทคนิค

We don’t have summative assessment, such as providing testing. We don’t
do that. We observe from teachers’ questions. If they ask about the
content, that means they don’t have the concept. But, I never have those
kinds of questions. Most questions are about techniques. (Piti, Interview
#2)
Piti did not discuss what assessment instruments would be match to his goal for
PD of assessing teachers’ ability in teaching science using 5E. As he indicated:
เราไมไดเนนที่เนื้อหาซึ่งตรงนัน
้ สามารถวัดไดโดยการสอบ แตเราเนนที่กระบวนการสอนซึง่
ก็ไมรูวาจะวัดอยางไร จริงๆ ถาจะวัดกันจริงๆ เราตองใหครูสอนใหดู หรือไปดูเคาสอนที่
โรงเรียน ซึ่งก็รก
ู ันวาในทางปฏิบัติเราไมมีเวลาขนาดนั้น งานเราไมไดมีแคอบรมครูและก็
ไมไดอบรมแคกลุมนี้กลุมเดียว เราทํากันตลอดป ก็เลยไมมก
ี ารวัดผลกัน

We don’t focus on developing content knowledge for teachers, but we
focus on the teaching process, such as how to teach in the classroom. If we
did emphasize content, we could use testing. However, if we really want
to assess and evaluate them, we have to follow teachers to their
classrooms, which is not possible because we don’t provide PD to this
group of teachers only, but to many groups in an entire year. In addition,
our tasks are not only the PD, we still have other tasks to do. (Piti,
Interview #1)
In addition, Piti stated that there was not enough time for assessing teachers’ knowledge
of the content that they learned from the PD.
จริงๆแลวเราควรจะมีการประเมินถาเวลาอํานวยมากกวานี้ จริงๆแลวเรามีการใหวฒ
ุ ิบัตร ซึ่ง
เคยคุยกันในกลุมวิทยากรวาเมื่อมีการใหวฒ
ุ บ
ิ ัตรมันตองสอบตองผานการทดสอบประเมินผล
เมื่อผานจึงจะไดวุฒิบต
ั ร แตวาในเวลาอันสั้นขนาดนี้ 1 ชั่วโมงตอ 1 เรื่องมันคงจะทดสอบ
อะไรไมไดเพราะแคเทาที่มีการอบรมใหความรูและการทดลองมันก็ไมพออยูแลว

I agree that we should assess teachers IF we have more time. Actually,
teachers will get a certificate. So, we discussed in a team many times that
if we provide a certificate, we have to assess their learning. But, we don’t
have time for that part. As you can see, how do we have to hurry? (Piti,
Interview #2)
However, Piti realized that assessment was a weakness of the PD. He stated that
although he provided PD for many teachers, he did not know whether most of the PD
participants really increased their content knowledge in the topics he taught when they
left the PD.
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ตรงนี้ยังขาดรื่อง feed back ที่จะกลับมาวาเขารูเรื่องจริงหรือไม มันไดจากการสังเกตุเทา
นั้นเองวาตอนนี้มีอันหนึ่งกรณีที่เราใหเขานําเสนอขอสรุปจากการทดลองก็ดูแลวปรากฎวา
เขาสรุปได แตวาไมทราบวาเปนขอสรุปที่ไดของกลุมซึ่งอาจจะมีการอภิปรายกันในกลุมแลว
สวนบางคนก็ยงั ไมมีความเขาใจเราไมทราบเลยวาเขาไมเขาใจ เพราะวาในกลุมอาจจะมีคน
ที่เกงแลวก็มท
ี ไ
ี่ มทําอะไรเลย

We don’t have any feedback, this is what we need. So, we don’t really
know that they learn something. We can only tell from the observation and
discussion during the implementation that teachers are able to develop
conclusions from activities. But, if some teachers don’t understand it, we
will never know. There might be that within a group there are teachers
who did activities and had good content knowledge while some teachers
didn’t participate in activity or they have poor content knowledge. We will
never know. (Piti, Interview #2)
In summary, Piti’s components of PCK for PD were limited. He believed that
teachers already had good understanding of science knowledge for teaching primary
grade students. He did not exhibit knowledge of teachers’ misconceptions on the concept
of sound. Although Piti could explain about the 5E model of instruction, he did not have
accurate understanding of the elaboration step of the 5E. Piti did not explicitly display
how much he knew about the PD and IPST curriculum. He only mentioned that the IPST
curriculum supports the Standards. With regards to the knowledge of assessment, Piti
generally used questioning and observation methods in order to measure teachers’
understanding. His knowledge of ways and aspects of teachers’ learning that were
important to assess within a sound unit was limited. Piti also did not show how much he
understood about assessment methods.
Vimon’s Implementation, Orientation, and PCK for Professional Development
PD Implementation
Vimon took responsibility in teaching the electricity and magnetism unit for this
PD. She started her session by introducing materials that the teachers would utilize with
their students in order to engage them in the science lessons. Vimon stated to the teachers
that playing some games or magical science activities would initiate the students as to
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how that phenomenon occurred. Compared to other professional developers such as Piti,
Vimon explicitly modeled and explained only the engagement step in the 5E Learning
Cycle. She did not model or provide knowledge of the remaining four steps of the 5E
Model.
During the PD implementation, Vimon did not have the teachers do many
magnetic activities. She mainly introduced materials and manipulatives that the teachers
could find at the schools. She also talked about students’ prior experiences with magnets.
She indicated to the teachers that the students already knew about the topic of magnets
before they came to the classroom. However, their understanding about magnets might
not be classified as scientific understanding. Thus, it was the job of the teachers to help
the students develop scientific understanding of magnets. Vimon was the only
professional developer in this study who mentioned a misconception that teachers might
have. She mentioned that primary teachers might have the same misconception as the
students, which is the idea that magnets stick to all metals. When the teachers had this
misconception, they were likely to transmit it to their students as well. To address the
teachers’ misconception, Vimon indicated that when the teachers did laboratory activities
and observed the results of those activities, they would finally correct their own
misconceptions. The magnet topic was the only place where Vimon mentioned the
possibility of teachers’ misconceptions.
During the PD implementation, the PD strategy that Vimon utilized was to
immerse the teachers in the hands-on activity that she prepared for them. During the PD
implementation, Vimon asked the teachers “what materials could stick to a magnet.”
When the teachers said, “metals,” Vimon gave examples of many types of metals
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including copper, iron, zinc, etc. Then, she asked the teachers whether or not a magnet
could stick to all metals. Rather than asking the teachers to formulate their own
explanation from the activity, Vimon explained to the teachers that only the metals that
have the property to magnetize can stick to the magnet. Vimon only spent a few minutes
with the magnet unit. She did not assess the teachers’ understanding of this concept but
moved to another topic in this unit.
Vimon utilized the majority of the PD time in introducing how to duplicate unit
activities. She prepared extra handouts with directions for creating these materials. The
next unit was an electricity unit, which she began with the topic of static electricity.
Similar to the previous unit, Vimon used most of the time in introducing materials and
how to duplicate those materials. She allowed teachers to do some activities on this topic.
Vimon believed that the students would be very excited if the teacher acted like a
magician in the science classroom, especially during the engagement phase. She also
believed that if the teachers used materials that were colorful, the students would pay
more attention to the activities. For instance, at the beginning of the static electricity unit,
Vimon engaged teachers with the activities that made her seem to do magic. She wiped a
plastic rod with a napkin then placed the plastic rod into a cup filled with colorful foam
seeds. When she pulled the plastic rod out of the cup, many colorful foam seeds stuck to
it. Vimon asked the teachers, “See, I have magic, right? Did I put glue on the plastic rod?
How did the foam stick to it?” One teacher stated that it occurred because of static
electricity. Vimon said, “O.K. I have very smart students. So, how do you feel? Do you
feel like you want to learn now?”
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Then, Vimon reminded the teachers that what she just did was a teaching
technique to lead the students into the lesson. Vimon prepared many activities for the
static electricity unit. During the time that teachers were doing activities, Vimon
presented her PowerPoint presentation about scientific background related to static
electricity. However, the teachers paid attention to their activities more than listening to
her. In spite of this, Vimon kept showing her slides without stopping or asking for the
teachers’ attention. After the activity and Vimon’s presentation, she did not ask teachers
what they understood. The last activity for her session was lighting a light bulb with 3
limes. Because the time was limited, this activity was very rushed. Vimon asked the
teachers to make a circuit with limes, wire, bulb, and copper metal sheets. Vimon
explained the information on circuits and electricity while the teachers were doing their
activity. Only the teachers who did not get involved in the activity listened to her
presentation.
Orientation
Figure 12 represents my analysis of Vimon’s orientation to PD. I found that,
during the interviews and PD implementation, Vimon’s orientation to PD consisted of
two central goals and three peripheral goals. Her central goals were 1) to provide
scientific activities that work for the PD participants, and 2) to provide ideas and support
to the teachers in order to encourage them to implement those activities in their
classroom.
ใหครูสามารถกลับไปจัดกิจกรรมที่โรงเรียนไดเนนในการทํากิจกรรม แนะนําในเรื่องที่เขา
คาดไมถึง แนะนําการหยิบใชสื่อที่อยูร อบๆตัวมาใช ครูมักจะบอกวาไมมีสอ
ื่ ที่จะทําการ
ทดลองนําสิ่งทีเ่ ขามีอยูแลวมาใช หรือถามันไมมีก็แนะนําวิธป
ี ระดิษฐสื่องายๆทําไดเองไม
ตองลงทุนสูง

I want teachers to implement activities they learned at PD in their
classroom. I will suggest them about things that they don’t know before,
such as what other materials they can use instead of materials
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recommended in a book or suggest them to duplicate the inexpensive
manipulatives to use at their school. (Vimon, Interview #1)
To support these goals, Vimon required as many activities as possible for the
teachers to do. Vimon also provided ideas on how the teachers could modify other
materials in the instructional kits. Vimon believed that teachers and students were alike in
terms of they were attracted with fun and exciting activities, which led them to pay more
intention in learning. Vimon also indicated that when the teachers were able to do those
activities, knew how to modify other materials to use in the activities, and get excited
over the activities, then they would implement those activities in their classrooms
because they wanted the students to have experiences like they had in the PD.
ถากิจกรรมมันตืน
่ เตน สมมุติเราเลนกลทุกคนจะชอบ พอมีอะไรตื่นเตนเคาก็จะชอบก็จะ
สนใจแลวก็ตั้งใจเรียน เดีย
๋ วครูจะเอาไปเลนบางกับเด็ก ครูเหมือนเด็ก โชวหนาหองเรียก
ความสนใจเด็กได เขาก็คิดวาเอาแนวคิดนี้ไปใชกับเด็ก

If the activities are exciting, such as we do magic things, the teachers will
like them and pay attention to activities and learning. Like when they get
excited and wonder about the activities, they will want to know the
answer. Then, they will do the similar things that they learn at PD with
their students because they know this would draw the students’ interest.
(Vimon, Interview #1)
Vimon stated that her goal in delivering the Magnetism and Electricity session was to
provide activities for teachers rather than to develop their content knowledge. The criteria
that she used in choosing PD activities were: 1) easy to implement in classroom, 2)
requiring inexpensive manipulatives, and 3) fun and exciting.
คืออยางทีส
่ อนไปนะก็จะสรางความสนใจ และแนะนํากิจกรรมวาใชกิจกรรมไหน กิจกรรมนี้
มันสอนเรื่องอะไร สอนแลวทํากิจกรรมนี้มันเกิดไดยังไง ครูไดประโยชนคือไดวิธีการจัด
กิจกรรมในหองเรียน

You can see in the PD, I mainly introduced activities, helping teachers to
know how to make it work, providing tips for them to use this activity
with students, or providing results of activities. So, for this PD, teachers
will have benefits in terms of knowing techniques in organizing their
science classroom. (Vimon, Interview #1)
วัตถุประสงคของเราไมไดตองการที่จะไปพัฒนาความรูของครู แตตองการทีจ
่ ะใหกิจกรรม
และกิจกรรมตาง ๆ ที่เราเลือกมาใชในการอบรมทําไมเราถึงเลือกกิจกรรมพวกนี้ เพราะเหตุ
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วา 1. ใชไปสอนเขาใจงาย 2. สื่ออุปกรณหาไดงายไมตองลงทุนสูง 3. มันนาตื่นเตน อยาง
กิจกรรมเม็ดโฟม

My goal was not to develop the teachers’ content knowledge, but to
provide activities. These activities must be (1) easy to understand, (2)
reasonably priced, and (3) exciting. (Vimon, Interview #2)
Vimon believed that, for teaching science at elementary grades, teachers did not
need to have deep content knowledge because concepts of any science areas at
elementary levels were fundamental and not complicated. As Vimon said:
ครูดจ
ู ากคูมือครูของเราสวนมากเนื้อหาที่จะอธิบายเด็กก็พอแลว ถาครูไมคด
ิ ที่จะไปเอาอะไร
มาอธิบายสเปะสปะ ครูอธิบายแคตามการทดลองเนื้อหามันก็เพียงพอแลว แตครูปจจุบันนี้
ชอบไปหยิบทองมาแลวเอามาสอนพยายามใหเนื้อหาเด็กเยอะๆ รูแค concept ที่จะใหเด็ก
รูก็พอแลว รูแ
 คที่จะเอาไปสอนก็พอแลว มันก็ยังไมไดประยุกตอะไรมาก มันก็ตาม concept
เปะๆ ทุกอยาง เพียงแตวาอาจจะมีเด็กเกงที่ถามขึ้นมาตรงนีค
้ รูก็ตองรูว าครูตองเตรียมมาก
แคไหนเพราะแตละโรงเรียนเราก็ไมรูวาเด็กเขาเปนยังไงเพราะเนื้อหาประถมมันไมไดลึก
มากมาย มันแคผิวๆไมไดเขาไปในตัวอุปกรณแตละชิ้นมาก

Teachers only need to look at the teacher-guided book. We provide
everything including knowledge for teaching to them. Teachers don’t need
to look for other information or knowledge from other resources. Only
what we provide for them is enough. So, teachers only know what they
have to teach is enough because teachers like to give a lot of knowledge to
students, which I don’t understand why. Content knowledge for
elementary students is superficial and does not need specific knowledge to
help students understand it because most of them are concrete concepts. If
the teacher follows the directions, they won’t have problems. (Vimon,
Interview #1)
Vimon believed that knowledge provided in a teacher-guided book was enough for
teachers to teach science at elementary grades. Teachers did not need to deal with
abstract concepts that needed deep content knowledge to be transformed for their
students. She mentioned that most of the science concepts at this level were simple and
concrete. However, when she was asked about knowledge appropriate for teachers during
the PD, Vimon indicated that she would provide knowledge that was slightly higher than
it was in the teacher-guided book because there might be some student questions that
went beyond the curriculum, so teachers would need to be able to answer those questions.
เราจะใหสูงกวานิดนึงเผื่อเด็กเกง ใหเนื้อหาเผื่อวาครูสามารถอธิบายหลักการตรงนี้ไดบาง
อธิบายใหเด็กเขาใจได
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In terms of content knowledge, it might be slightly deeper than it is in the
teacher-guided book. Sometimes there are students who have good science
knowledge in that classroom, so teachers can have knowledge to explain
to them. (Vimon, Interview #1)
Vimon also displayed her belief that teachers came to the PD because they needed
to know about activities to use with their students. In addition, the PD did not have
enough time to help teachers develop understanding about the concepts. So, teachers
needed to help themselves by reviewing the resources in order to recall their existing
knowledge.

เรื่องของเนื้อหามันสอนในชวงเวลาแคนี้มันไมพออยูแลว อีกอยางครูเขาควรจะมีการศึกษา
เนื้อหาเพิ่มเติมเองดวย ความรูเ คาก็ตองอานเพิ่มเติมดวย ที่เขามาหาเราตรงนี้เขาอยากได
กิจกรรม

We don’t have time to visit content knowledge within 3 hours of the PD
session. You can see that we had to rush during the implementation. In
addition, teachers need to go back and read about content knowledge on
their own. However, I think they come to PD because they want activities.
(Vimon, Interview #2)
Vimon’s knowledge and beliefs about the purposes and goals of PD related to her
teaching behavior during the PD implementation in that Vimon did not pay adequate
attention to teachers’ development of understanding of concepts. Even though she
presented some content knowledge on these concepts through the PowerPoint
presentation at the end of each concept, Vimon spent most of the PD time talking about
tips and techniques that teachers could use with their students in order to capture their
attention. She also devoted PD time in providing information to teachers about the
methods in making the activity kits that she showed in the session.
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Figure 12. Vimon’s Goals for PD
Develop Teachers’ Basic Lab
Skills to Make Activity Work
•
•

Classroom Implementation
•
•

Provide clear steps and tips for
doing activities in PD
handbook
Asking questions & observing

Demonstration of 5E model
Show variation tool kits for
each activity
Demonstrate how to duplicate
some kits

•
to

for

Science Activities that work
•
•
•
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Provide as many activities as
possible for the teachers
Encourage teachers to do fun
and exciting activities
Enhance ability of teachers by
doing activities

support

Ideas and Support of Activities
Implementation
•
•
•
•

= central goals;

Show alternative tool kits for each activity
Demonstrate how to duplicate some kits
Show where to find more resources and
activities
Prepare extra sheets of methods/directions
in making those kits.

= peripheral goals

promote

Develop Students’ Positive
Science Attitude
•
•
•

Show games or “magical”
science before lesson
Make science activity
interesting
Avoid failure while doing
activity

Figure 12 also illustrates that Vimon’s peripheral goals were: 1) to develop
laboratory skills that were necessary to make the activities work, 2) to promote classroom
implementation using PD activities, and 3) to develop students’ positive attitude toward
science. According to these goals, Vimon generally provided clear steps and tips of doing
activities in PD handbook and during her implementation. She also provided a variety of
activities that introduced the same science concept in order to help teachers to have more
choices in selecting activities to use with their students.
พยายามแนะนํากิจกรรมใหกับครู เพื่อที่ใหครูเอาไปใชสอน เพราะวาเทาที่ดค
ู ือพยายาม
ใหกิจกรรมไปเยอะ ๆ อยางไฟฟาสถิตก็มห
ี ลาย ๆ กิจกรรม นาจะชวยใหครูเกิด Idea
มากกวาก็คือจะสอนเรื่องนี้ เดี๋ยวนี้เขาใชอุปกรณสื่อตรงนีท
้ ี่เคามีในหองไปสอน Idea ที่
เขาจะใชอะไรไปสอนใหเขาใจงาย

I tried to introduce as many activities as possible to teachers. So, they
would use some of those activities in their science instruction. For
example, I gave them many activities about the electrostatic concept.
(Vimon, Interview #2)
In addition, during the PD implementation Vimon always mentioned to the
teachers that they needed to make activities exciting for the students. She also warned the
teachers that failure to do the activities would develop students’ negative attitude toward
science. Thus, it was necessary for the teachers to understand how to conduct activities
and how to help students make those activities work.
เพราะครูยังเขาใจผิดอยู อยางเซลลมะนาวถาครูเขาไมไดทดลองเองนะคะ ครูเปดหนังสือ
text ฝรั่งหรือหนังสือไทยทีแ
่ ปลมาในรูปเขานะ มะนาว 1 ลูก หลอดกลมหลอดหนึ่งเอามา
ตอกันทํางานไหมคะหนังสือติดแตเอามาทดลองจริงๆมันไมติดมะนาวลูกหนึ่งมันไดกระแส
นอยมากๆ แลวหลอดไฟหลอดกลมมันใชสูงกวานั้นมะนาว3 ลูกยังไมติดเลย ก็เลยบอกเขา
วาถาอาจารยไมลองทําดูกอนแลวใหเด็กทําตามหนังสือเด็กทํายังไงมันก็ไมได เขาเริ่มเกิด
ความรูส
 ึกที่ไมดีตอวิชานี้แลวทํายังไงก็ไมดจ
ี ะสรางความรูส
 ึกไมชอบใหเด็กถาเริ่มวงจรแรก
เขาทําไดแลว work เขามีความสามารถนะตอไปเขาจะตั้งใจเรียนเรื่องนี้มากขึ้น

Most teachers misunderstood about the activity of making a bulb light
with a lime. Many teachers don’t try the activity before using with
students by following the activity direction. Then, they found that the bulb
won’t light, but they don’t know why. So, I have to tell them that they
need to try the activity before giving to the students. Otherwise, students
will have bad attitude with the failure of the activity. So, if we have
students do something that works like making a circuit and seeing the
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bulbs light, they will be proud themselves and have intention to learn
science. (Vimon, Interview #1)
อาจารยตองลองทํากิจกรรมกอนที่อาจารยจะเอาไปใหเด็กทํา เพราะถาเด็กทําแลวมันไม
ไดผล อาจารยรูมั้ยคะวาอาจารยกําลังทํารายเคา ทําใหเคาไมชอบวิชาวิทยาศาสตร ทําให
เคาเกลียดวิทยาศาสตร

If you did not test it yourselves before letting your students do the activity
and a failure occurred, you made a critical mistake with your students
because you may have made them hate science (Vimon, During PD
Implementation).
Table 7 showed Vimon’s arrangement and reflection on the scenarios that she
thought they were represented her PD teaching and ideal PD strategies.
Table 8
Vimon’s Arrangement and Interpretation of the Card-Sort Scenarios
Items
3

Scenarios
You, as a professional developer, set up PD
lessons for a unit on heat conduction. You
introduce heat conduction activities for a 6th
grade elementary book. You select a variety
of fun, and easy-to-do activities for PD.
(activity-driven)

Vimon’s Interpretations
“It needs to be various because the teachers
might not be able to develop understanding
within the first activity, but they might
understand it in the later activities. It likes repeat
it again and again in introducing the same topic.”
(activity-driven)

10

You, as a professional developer, have
teachers first engage in laboratory activities
in a book, class discussion. You will end
each activity with your explanation of
science knowledge beyond those activities.
(didactic)

“This scenario is quite similar to scenario 9.
However, there are 3 steps in this scenario
including engaging in laboratory, discussing, and
explaining. So, I think it is O.K and I use these
strategies as well.” (didactic)

8

You, as a professional developer, design a
PD lesson on dissolution by encouraging
teachers to do activities that their students
would do. At the end of session, you assign
teachers to discuss within their group, then
as a whole about what they learn about
dissolution and about teaching this unit.
(reflective)

“When the teachers do activities that are same
ones as the students, they knew in each activity
what and where they should observe, what to
emphasize to the students, and what knowledge
to add to the students. If they did activities that
were different to the activities performed by their
students, they may overlook the important things
that the students should know.” (activity-driven)

11

Teachers are intrigued with a Thai flute that
a classmate has brought to school. As a
group, the teachers identify questions and
ways to explore how the flute works. You
help the teachers organize into investigation
teams, and you investigate along with the
teachers. (guided inquiry)

“In order to tell or direct teachers to every single
thing, this scenario shows that teachers have
questions, which we can encourage them to
investigate in order to answer their questions. I
like this strategy because teachers generate
question themselves without our guidance.”
(discovery)
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Table 8 (continued)
Items
7

Scenarios
As a professional developer, you want
teachers to learn about how sound is
produced. You decide the best way to do
this is to demonstrate teachers with various
musical instruments to verify a science
concept of vibration produces sound.
(academic rigor)

Vimon’s Reflections
“This scenario is similar to scenario three. But, I
don’t like the word demonstration. I think we
should provide hands-on experiences to teachers
when they come to PD. If we use demonstration
technique, they will use this technique with
students as well.” (activity-driven)

15

As a professional developer, you begin a
unit of heat conduction by engaging in
activities that you hope the teachers will use
with their students. You demonstrate
teachers to use whiteboarding and
cooperative learning in teaching those
activities. (pedagogy-driven)

“I think it is good strategy, which I will use it in
future. However, we should have teachers do it
instead of demonstration.”

13

You, as a professional developer, have
teachers observe a music instrument and
generate questions about how sound is
produced. Each group designs and carries
out their own experiment to test a
hypothesis related to the group’s questions.
(inquiry)

“The strategies stated in this scenario are not
doable in the PD, such as design and carry out
their own experiment, but I think it is way how
science should be taught. But, like classroom
teaching, to meet the PD plan, we can’t use these
strategies in the PD.”

Vimon placed scenario first because she mentioned that:
มันควรจะหลากหลาย มันเหมือนทําซ้ํานัน
่ แหละ concept เดียวกันแตใหครูทํากิจกรรม
หลายๆ แบบ เพราะกิจกรรมแรกเคาอาจจะยังไมเขาใจ

It needs to be various because the teachers might not be able to develop
understanding within the first activity, but they might understand it in the
later activities. It likes repeat it again and again in introducing the same
topic (Vimon, Card Sort Activity).
Her reflection during the card sort activity was supported by her implementation in the
PD in that she selected many activities from the IPST curriculum that introduced the
same concept to teachers. However, instead of allowing teachers to do every activity on
the same concept, she chose an activity for teachers to participate in and went through
other activities as the alternative ideas. During the interview, Vimon believed that:
ครูเขาอยากไดกิจกรรม อยากไดการทําสื่อ ใชวิธีแนะนํากิจกรรมแนะนําสื่อวาจะใชสื่อตัวชี้
สอนยังไง เนนไปแตละตัวใหมันมาก ไมใชวา ไปเร็ว ๆ ก็คือ อยางกิจกรรมไฟฟาสถิตเราก็
เลือกเอาสักตัวหนึ่งใหมันโอเค แลวคอยไปแนะนําตัวอื่นเสริมวาเอาทําที่ไปเร็วใหเปน
ทางเลือก เอาเสียอยางหนึ่งทีม
่ ันลงลึกไปเลย สวนมากกิจกรรมที่เราแนะนําสื่ออะไรอยางนี้
Concept มันจะคลาย ๆ กัน แตมันตอไปอีกนิดหนึ่ง
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Teachers need activities, media, and suggestions for doing activities in
terms of how to use these activities or media in their science instruction.
For example, when teaching the electrostatic concept, I will place more
emphasis on one activity than the other in order to help them have clear
understanding about that activity. For the remaining activities, I won’t go
into many details, but introduce to them as alternative activities. (Vimon,
Interview #2)
Vimon arranged scenario 10 in second place because this scenario covered three
steps that she used in the PD in that teachers had opportunities to do the activities and
discuss them. Then, the professional developer provided explanations of science
knowledge at the end of activities.
มันก็คลายกับหมายเลข 9 นะแตมันเปดโอกาสใหอภิปราย มีการกระตุน
 อภิปราย แลวก็
สนทนา มี 3 ขั้นเลย โอเคเลยนะ เพราะที่ทําอยูเราก็ใชวิธน
ี ี้

This scenario is quite similar to scenario 9. However, there are 3 steps in
this scenario including engaging in laboratory, discussing, and explaining.
So, I think it is O.K and I use these strategies as well. (Vimon, Card Sort
Activity)
In addition, Vimon compared this scenario with scenario 9 and stated that the strategies
of these two scenarios were alike. However, she did not think the professional developers
had to introduce or explain about curriculum to teachers. Vimon indicated that she did
not agree that the PD sessions started with introducing the Science Standards and IPST
curriculum. As she mentioned before, because teachers already taught science in their
schools, they should already know what was required in the curriculum, what they had to
teach, and what the students needed to know.
หลักสูตรนี่เครูเคาสอนที่โรงเรียน เคาก็ตองรูอ
 ยูแลว เราไมไดพูดถึงหลักสูตรเลยนะ เพราะ
กิจกรรมที่เราสอนเคามันก็มาจากหลักสูตรอยูแ
 ลว เราจะไปใหความรูเกี่ยวกับการใชวัสดุอื่น
ที่เปนทางเลือกมากกวาวาถาไมใชตวั นี้จะใชอะไรแทนได ขอ 9 นี่หลังๆ จะเหมือนแตไม
เหมือนตรงอธิบายหลักสูตรนี่ละ

Teachers have to know the curriculum because they use it at school. I
won’t talk or explain about the curriculum to them again. Instead, I will
suggest what alternative materials they can use when they don’t have
materials that are stated in the curriculum. Scenario 9 is closed to me,
except explaining the curriculum. (Vimon, Card Sort Activity)
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However, although Vimon mentioned that teachers’ discussion about their existing
knowledge and experience was important, it was not doable in the PD because of the
limited time. She indicated that it was necessary for the professional developer to provide
correct scientific knowledge to the teachers.
During the card sort activity, Vimon displayed contradiction about her PD
strategies. Vimon agreed with scenario two in that it had all the fundamental steps that
teaching science should have. She indicated that:
จริงๆ อันนี้มันเปนวิธีพื้นฐานเลยนะ คือดูกอนวาครูเคารูอะไรมาบาง เคามีความรูพื้นฐาน
อะไรกอนจะเรียนเรื่องนี้บาง จากนั้นก็ใหครูทํากิจกรรมแลวก็อธิบายผลการทดลอง แลว
เราก็มาอธิบาย นําสิ่งที่เคาไดจากการทดลองมาเปรียบเทียบกับสิ่งทีถ
่ ูกตองวาทีต
่ ัวเองรูนะ
ถูกมั้ย

Actually these are basic steps. At the beginning of the session, we need
to check the teachers’ prior knowledge. Then, we allow the teachers to
do activity and discuss their results. After that, we have to explain the
accurate concepts to them and allow them to compare between their
explanations and the scientific explanations. (Vimon, Card-sorting
Activity)
However, Vimon indicated that she did not use these strategies in the PD because there
were impossible to do in the PD. First of all, she said, the PD time was restricted so she
did not have enough time to have the teachers talk about their experiences in order to
check their prior knowledge. In addition, many teachers participated in the PD and each
PD participant had different prior knowledge. The PD could not check all PD
participants’ knowledge. Thus, the only possible way was to teach it with the assumption
that teachers did not know anything.
จริงๆ มันทําไมได เพราะวาเราไมไดสอนครูคนเดียว ครูแตละคนก็มีความรูพ
 ื้นฐานที่
หลากหลาย แลวเราสอนที 50-60 คน เราก็สมมติไปเลยวาเคาไมรู แลวเราก็สอนตาม
concept ของเราไปเลย

Actually, we can’t really do it because we don’t teach only one teacher but
we have 50-60 teachers. Each individual teacher has different knowledge
background. So, I assume that they don’t know any and keep my teaching
on plan. (Vimon, Card Sort Activity)
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Another example of a contradiction about appropriate PD strategies occurred
when Vimon reflected on scenario four. She determined that the strategies used in that
scenario were not flexible. Vimon indicated that she did not like to give materials to the
teachers. Giving materials to the teachers developed a misunderstanding with the teachers
in that if they did not have their materials, they could not teach those activities at schools.
มัน fix เกินไปหรือเปลา เปนขั้นเปนตอนชัดเจนสื่ออุปกรณก็เอาจากตรงนีไ
้ ปดวยมัน
เหมือนวาอีกหนอยถาไมมีอุปกรณก็สอนไมได จริงๆ ควรจะแนะนําเปนกิจกรรมที่แนะนําวา
ถาไมมีตรงนี้จะเอาอยางอื่นไดมั้ย ขั้นตอนการทดลองก็นาจะพลิกแพลงได

It is too specific in terms of providing clear steps for teachers. I think it
should be more flexible by leaving a space for teachers to modify or
making decisions. In addition, I don’t like the idea of giving materials to
teachers to use at school because they will ignore to allow their students to
do some activities that they don’t have materials for. So, we should train
teachers to be able to modify other materials for doing the activity.
(Vimon, Card Sort Activity)
Vimon said she would prefer to give a variety of activities for the same concept to
the teachers. Then, it was their job to decide what activity they wanted to use with their
students. She also provided alternative materials that the teachers could modify when
teaching science. However, Vimon was hesitant to put this scenario in the “not like me
group,” but put into the “can’t decide” group instead. Vimon explained that if the
teachers followed the directions step-by-step, they would learn and practice the correct
scientific process.
แตจริงๆ ใหทําเปน step ครูก็จะไดกระบวนการทีถ
่ ูกตอง ใหทําเปนขั้นเปนตอนแลวเราก็
ชวยเนนใหเคามันก็มี science method ดีนะ

However, teachers will develop laboratory skills when they follow the
steps that we provide in the direction. It sounds like teachers will surely
have scientific methods if they followed the steps. (Vimon, Card Sort
Activity)
Another example of Vimon’s dual beliefs about PD was exhibited when she
reflected on scenario 6 and 14. On scenario 6, Vimon mentioned that she would allow the
teachers to explore an ice brick freely based on their interest. Vimon determined that

131

sometimes the teachers’ observations were beyond professional developers’ expectations.
Thus, the professional developers should not direct the teachers what to observe.
However, when Vimon was asked to reflect on scenario 14, she indicated that she
disliked the strategy of having the teachers investigate a variety of materials at the back
of a room.
เราตองใหแนวคิดเคา (ครู) ดวย เหมือนมีคนชวยเคาอีกแรงใน ทําใหการทีจ
่ ะไปใหถึง
เปาหมายก็จะงายกวาการปลอยเคาไปแบบสะเปะสะปะไปทั่วกวาจะได concept ซึ่งเราก็
ไมรูวาเคาไดหรือเปลา แลวบางคนไมไดเราก็ไมรูอีก

We need to give them (teachers) some ideas. If we help them, they will
easily meet the goals. It takes a long time for them to learn something if
we let them explore and learn on their own. And we won’t be able to
know whether or not they learn something. (Vimon, Card-sorting
Activity)
She mentioned that scenario 14 was too broad and seemed uncontrolled. When
asked to change the strategies in the scenario to parallel her own strategy, Vimon stated
that:
เราตองชวยเคาดวย guide เคานิดวาจะดูอะไร ไมใชปลอยสะเปะสะปะไปแบบนี้ เใหเคาไป
เลนเองแลวไมสรุปอะไรเลยมันก็ไมได concept ซะที

We [the professional developers] have to guide to the teachers on what to
investigate. This also includes having the teachers discuss with each other.
Otherwise, the teachers would be out of track and the professional
developers would have difficulties in guiding them to the concepts.
(Vimon, Card-sorting Activity)
Vimon indicated that it was similar to teaching science in the classroom. The
teachers already planned what they wanted the students to learn. If the teachers used the
strategies in scenario 14, they would not be able to meet their goals. In addition to
providing guidance in discussion and exploration, Vimon stated that explaining the
correct concepts to the teachers should also be added to scenario 14. She elaborated her
idea by stating that wrapping up the scientifically correct concepts was needed to make
sure that every teacher knew what they should learn from those activities.

132

Vimon arranged scenario 8 in third place in terms of how its strategy was similar
to her PD strategies. Vimon indicated that PD should be designed in a way that the PD
participants were involved in the activities as if they were their students because they
needed to know how the activities worked. In addition, the teachers also needed to
develop an awareness of the activities that they would teach. This claim was supported
when Vimon did the card sort activity. She agreed with scenario 8 that the professional
developer should prepare activities for the teachers that were similar to their students’
activities. As Vimon said, the professional developers should adopt the role of the teacher
and model to the teachers how teaching science should be.
ครูตองทํากิจกรรมเหมือนเด็ก ครูจะไดรูวา กิจกรรมนี้มต
ี รงไหนตองเนนหรือเพิ่มเติม ไมควร
ทําแบบวาใหครูทํากิจกรรมหนึง่ แลวใหนักเรียนทําอีกกิจกรรมหนึ่ง เพราะบางทีกิจกรรมที่
ใหเด็กทําแลวครูไมไดทํา เคาอาจจะมองขามจุดสําคัญๆ ไป

When the teachers do activities that are same ones as the students, they
knew in each activity what and where they should observe, what to
emphasize to the students, and what knowledge to add for the students. If
they did activities that were different to the activities performed by their
students, they may overlook the important things that the students should
know. (Vimon, Card-sorting Activity)
Vimon’s reflection on scenario 7 supported her reflection on scenario 8 in that
professional developers should provide hands-on experiences to teachers as much as
possible because teachers would implement the same techniques that they learned from
PD in their classrooms.
อันนี้มันก็คลายกับ 3 ละนะ แตวาไมชอบคําวาสาธิต ติดคําวาสาธิตนีล
่ ะ เรานาจะใหครูได
เห็นไดทําจริงๆ เพราะไมงั้นเคาก็เอาไปสาธิตกับเด็กนั่นละ

This scenario is similar to scenario three. But, I don’t like the word
demonstration. I think we should provide hands-on experiences to teachers
when they came to PD. If we use demonstration technique, they will use
this technique with students as well. (Vimon, Card-sorting Activity)
In summary, it appears that Vimon tried to introduce many activities for each unit.
As opposed to other professional developers, she neither focused on developing teachers’
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understanding of the 5E model of instruction nor modeled how to teach her units using
the 5E strategy. During the interview, Vimon indicated that the teachers knew more than
her about pedagogical knowledge because they took courses in college and had more
teaching experiences in primary grades than her. Vimon indicated that one of the
problems in teaching science at school was that the teachers did not allow their students
to do activities. She mentioned that the primary teachers made excuses that they did not
have materials. During the PD implementation, Vimon emphasized how the teachers
could find materials in their schools and elsewhere. She also introduced many alternative
activities and ideas that teachers could use to generate projects for students after they
learn these units. In addition to the introduction of materials and ideas, she also focused
on providing direct experiences with the activities that they could use in their classrooms.
Lastly, Vimon believed that it was her job to guide teachers on how to make the
activities work, and how to find alternative materials that were inexpensive and attractive
to students. Vimon believed that the teachers knew the concepts well enough in these two
units. They could also look for additional knowledge in other resources such as science
textbooks, the PD manual, and/or by asking experts. She did not see herself as eligible to
provide the content knowledge and pedagogical knowledge to the teachers because of her
age and her less experience in teaching science. Vimon displayed multiple orientations to
PD including an activity-driven orientation and a didactic orientation. Vimon exhibited
activity-driven orientation in that she believed that the teachers should learn and do the
activities that their students would do in the classroom. During the PD, Vimon provided
as many activities as she had planned for the teachers. She did not pay attention as to
whether or not the activities that she provided for teachers helped them develop
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conceptual understanding about the particular concepts. Vimon believed that, during the
PD, professional developers might allow the teachers to explore independently, but they
needed to provide the accurate scientific knowledge at the end of the activities. Vimon
displayed a didactic orientation in that she believed that content knowledge could be
transmitted trough textbooks, other written resources, and direct explanation.
Vimon displayed her belief that teachers should learn in the way that they had to
teach. Thus, when sorting the cards, Vimon did not only think about the strategies used in
the PD, but expressed concern about whether or not those PD strategies could be
implemented in the typical science classroom. Thus, sometimes Vimon liked the PD
strategies represented in the card scenarios. However, she put those cards in the “not like
me” or “can’t decide” group if she believed the strategies stated in the scenarios were not
doable in the classrooms. Vimon’s existed experiences in providing PD and knowledge
about PD guided to her dual beliefs about how PD should be implemented. For example,
many times that Vimon agreed with the strategies in the card sort scenarios in terms of
good PD strategies, but believed those strategies were not doable in the PD.
PCK for PD
Knowledge of teachers’ understanding of science. Based on Vimon’s knowledge
of teachers’ understanding of science, her belief was similar to other professional
developers’ beliefs in that teachers, especially the private school teachers, had adequate
knowledge in science for the primary (1-6) grades, including the topic of magnetism and
electricity. She believed that the teachers might not have difficulties in either
understanding or teaching the magnet unit. However, she believed that some teachers,
such as the female teachers, may have some difficulties in the electricity unit.
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แตกตาง เพราะวาครูรัฐบาลโดยเฉพาะครูประถมจะจบประถมศึกษาหรือสุขศึกษาอยางนี้ซึ่ง
ไมไดจบวิทยาศาสตรมาโดยตรงก็คือเนื้อหา concept อาจจะใหเยอะหนอยและไมไดลงลึก
ในรายละเอียดของเนื้อหามากนักเพราะกลัวครูจะงงไปดวย เพราะครูเขาไมคอยมีพื้นฐาน
เทคนิคการใชอุปกรณนี้ก็คงจะตองแนะนําดวยแตถา ครูเอกชนเขาเลือกสรรคนไดเขาเลือก
รับครูวิทยาศาสตรเขาอาจจะเลือกครูจบวิทยาศาสตรเขามีพื้นฐานมาบางแลว บางอยางเขา
อาจจะรูแ
 ลวก็ไดเราอาจจะชวยในสิ่งทีค
่ ิดวาบางอยางเขาอาจจะลืมไป

Private school teachers and public school teachers are different. Most
public school teachers graduated in other areas that are not related to
science, such as primary education or health education. So, I will give
more content knowledge to the public school teachers than the private
school teachers who already have good science knowledge. But, I won’t
give the content in depth because it may confuse teachers because they
don’t have solid background. (Vimon, Interview #1)
สวนมากก็ไมยากดูแลวครูเขามีพื้นฐานอยูแลว แตวาเทาที่ดค
ู ิดวาเขาคงเขาใจครูเขาทํา
กิจกรรมได เทาที่ดู

I don’t think these teachers [private school teachers] will have any
difficulties about the concepts because they have good background. Based
on my observation during the PD, I think they understand it because they
are able to do activity. (Vimon, Interview #2)
The second excerpt demonstrates Vimon’s belief that she related teacher’s ability in
doing activity to the understanding of content knowledge. In other words, Vimon
illustrated that teachers would have accurate understanding of the science concepts when
they were able to perform activity.
According to her knowledge of areas of teacher difficulty, Vimon demonstrated
that teachers exhibited a particular misconception in magnetism and have learning
difficulties in electricity concepts.
ครูมี Misconception แนนอนนี้มันเปนงานเด็ก ๆ เหมือนผาขาวเขาไมรูอะไรเลยตรงนี้มัน
อยูที่ครู ครูเอาไปบอก ๆ เขา เอาไปใชใหเขา ถาครู Missed แนนอนถายทอดใหเด็กทีต
่ อ
 ง
Missed ดวย ทุกครั้งจะถามวาแมเหล็กดูดอะไร ดูไดวา เขาตอบวา ดูดอะไรแสดงวาครู
Missed หมดเลย

I believe that teachers have misconceptions because students are like a
white cloth. They don’t know anything. But, teachers transmit their
misconceptions to students which lead students to understand the concept
in the same way as their teachers. For example, teachers showed their
misconception when they said magnets attract to all metals. (Vimon,
Interview #2)
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However, she seemed to have limited knowledge for helping teachers to overcome these
difficulties. For example, when asking Vimon in what way she could help teachers to
correct their misconception, Vimon indicated that she could provide hands-on
experiences and accurate answers for them. However, it depended on teacher themselves
whether or not they would believe in the activity results and her explanation.
เพราะวาเคาไดเห็นจริงๆ เพราะวาถาเกิดไปบอกเลยแลวเคาเชื่ออยางนั้นแลวการที่ไปบอก
ใหเคาเปลีย
่ นเลยนะมันยาก แตเราแสดงใหเห็นวามันไมใชนะ ในเมื่อทําการทดลองไดลอง
ทําดวยตัวเอง เกิดการเรียนรูดว ยตัวเองแลว แลวยังไมเปลีย
่ นความคิดอันนีค
้ ือ คือวาเปน
อะไรทีค
่ งแกไมไดแลวคงแกยาก ตัวเองตองยอมรับ ไดลองไดเห็นจริงแ ลวไมเชื่อแสดงวา
อัตตาตัวเองสูงก็ฉันจะเชื่ออยางนี้ (อ. สุภาภรณ_#2interview)

Because they have real experience, doing the activities themselves and
seeing the results so they should believe in what they see. If I tell them
directly, they won’t change their mind. They need to agree that what they
knew is wrong. If they don’t, I can’t help them. Some teachers have strong
eco about what they know is right and is difficult to change. (Vimon,
Interview #2)
The excerpt above reveals that Vimon seemed to ignore teachers’ misconceptions or
struggled for ways to respond to their misconceptions. She demonstrated her limited
knowledge of ways to help teachers correct their misconceptions, thinking only of in
helping teachers to correct their misconception by supplying more detailed explanation.
In regards to Vimon’s case, it reveals that although professional developer
realized possible teachers’ misconceptions, it does not guarantee the ability to respond
effectively during instruction.
Knowledge of PD strategies. Vimon indicated that she used inquiry as her PD
strategy. When probed on her understanding about inquiry, Vimon stated that:
Inquiry ก็คือกระบวนการนําเสนอกระบวนการสอนอยางหนึง่ ที่มีลําดับขั้นตอนการนําเสนอ
ที่มีลําดับขั้นชัดเจนขั้นแรกก็คอ
ื เราความสนใจเด็กใหเด็กเกิดความสงสัยอยากรูอยากเรียน
อยากหาคําตอบขั้นที่ 2, 3 จริงๆ ทุกขั้นมันไมไดแยกกันชัดเจนขั้นตอไปเขาก็ไดทดลอง
เพื่อหาคําตอบของเขาเองเพราะการที่เขาไดทดลองหาคําตอบเองเปนสิ่งที่เขาก็จะจําได
มากกวาที่ครูไปบอกเมื่อ เขาไดคําตอบแลวเขาก็อยากนําเสนอสิ่งที่เขาเรียนรูก็ใหเขา
นําเสนอใหเขาไดพูดไปโดยทีค
่ รูยังไมจําเปนตองไปบอกวาสิ่งที่เขาพูดมาผิดหรือถูกอะไร
แคไหน แตครูจะมาทําในขั้นที่ 4 คือที่เขาพูดมาแลวอะไรทีย
่ ังเปนความเขาใจไมถูกตองครู
ก็ชวยแนะนําชวยบอกวาอันนี้เปนอยางนี้นะแลวครูก็เปนคนสรุปชวยสรุปใหอีกทีหนึ่งวาสิ่งที่
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เคาเรียนรูว ันนีห
้ ลักๆ แลวมันคืออะไร concept คืออะไร อะไรถูกตองไมถก
ู ตองสิ่งที่เขา
เรียนรูมันเชื่อมโยงกับชีวิตจริงยังไงชีวิตประจําวัน หรือสิ่งที่อยูรอบตัวเขายังไงบาง ขั้น
สุดทายขั้นของการประเมิน ทีจ
่ ริงขั้นของการประเมินมันนาจะแทรกอยูท
 ุกขั้นตอนของการ
เรียนรูมันไมควรจะแยกแตการประเมินในที่นี้เขาใจวาเขาคงหมายถึงการทดสอบหลังจากจบ
section หนึ่งกอนแตถาปจจุบน
ั นี้เขาก็อยากใหเปน Authentic Assessment การ
ประเมินตามสภาพจริงสังเกตวาเด็กทํากิจกรรมยังไงเขาสนใจไมสนใจแคไหน แตมันก็จะไป
เพิ่มภาระใหครูมากขึ้นครูคนเดียวตองสังเกตเด็กทั้งหอง

Inquiry is a teaching process that includes steps in a clear order, including
engagement, exploration, explanation, elaboration, and evaluation.
Students will take responsibility in the first three steps of inquiry when
teachers will take responsibility in the second last steps. For elaboration,
the teacher will provide correct explanation. For evaluation, now we try to
encourage authentic assessment to teachers. However, I think it will
increase teachers’ workload.
Vimon exhibited an activity-driven orientation to PD which linked to her use of PD
strategies. For example, Vimon’s goal for PD was to introduce hands-on activities to
teachers and provide suggestions about ideas and methods in duplicating manipulative.
Vimon only used the first two steps in the 5E learning cycle. She explained that:
อันที่จริงพยายามจะอิง Inquiry แตบางที่ก็คงไมได ไดแคตอนแรก ๆ ที่นําเขาบทเรียน
การเราความสนใจหลังจากนัน
้ ก็เปนการแนะนํามากกวา เปนการแนะนําวานาจะทําอยางนีน
้ ะ
บางทีก็ทาํ ใหดแ
ู ลวเขาก็ทํา ก็เห็นดวย กิจกรรมแทนทีจ
่ ะสอนธรรมดา เอ ทําอยางนี้ใหเด็ก
เขาเลนอยางนี้ดีไหม อยางนีค
้ ะ เทคนิคการสอนเราก็จะเปนอยางนี้ แลวก็จะมีการใช ICT
นิดหนึ่ง ก็คือตัวเกมสเขามาชวย

I try to use the inquiry method, but I will only use the first two steps of
inquiry including engagement and exploration. After that, I will suggest
ideas, techniques, activities, or other electronic tools like games or
animations to teachers. (Vimon, Interview #2)
Vimon used engagement technique because she wanted to call attention to teachers
before she started introducing activities.
ครูก็เหมือนเด็ก ถาเราโชวกิจกรรมหรืออะไรทีต
่ ื่นเตน สมมุติเราเลนกลทุกคนจะชอบ จะ
สนใจ เรียกความสนใจเคาไดเคาก็จะตั้งใจฟงอยากรู

Teachers and students are alike. If we show exciting games or activities or
playing magic, they will like it and pay more attention. They want to know
how I do it because they want to use this with their students, too. (Vimon,
Interview #2)
Although Vimon could describe the phases in the 5E model of instruction, she did not
exhibit her ability to demonstrate this strategy and it phases effectively, which led to
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questions about whether or not she had adequate understanding about this teaching
strategy.
Furthermore, during the interview and observation, Vimon seemed to have limited
knowledge of topic-specific strategies in that she did not demonstrate knowledge of ways
to represent the concepts that she taught in order to facilitate teachers’ learning of the
concepts or address their misconceptions even though increasing teachers’ content
knowledge was not her goals for this PD. In addition, she seemed to hesitate in helping
teachers increase their content knowledge. She indicated that:
การใหความรูเยอะบางทีครูรูแลวเขามีพื้นฐานแลวเขาก็ไมคอยสนใจ แลวบางทีเขาแกลง
ถามลองภูมิเราดวยซ้าํ อยางนอยเขามาอบรมทางนี้ เพราะวาเขาไดใชทํางานตรงนี้ เขาก็คง
ไดมีความรูพื้นฐานมาบางเราบอกคราว ๆ วากิจกรรมนีส
้ ําหรับใชสอน Concept เรื่องนี้แตเรา
ไมไดมุงเนนหวังที่จะสอนตัว Concept นี้กับครู แตวา การใชอป
ุ กรณบางอยางที่เขาอานได
แตบางที่เขาอาจจะใชไมคอ
 ยถูก เราก็เลยพยายามจะเนนตรงนั้นและบางทีการสอนเขาไมมี
สื่อที่จะเอาสอนเพราะวาเขาหาสื่อไมได เคาบอกสื่อราคาแพง เราก็พยายามจะแนะนําวิธก
ี าร
ทําสื่อหาสื่องาย ๆ ก็ตรงกับความตองการของครู เขาบอกเราวาเขาตองการอยางนี้วิธีการ
ผลิตสื่ออยางงายอยางนี้เลย เขาอยากไดตัวอยางสื่อเยอะ เขาอยากไดอยางนี้

If I give knowledge to teachers who already know it, they won’t pay
attention. Sometime I feel like they try to test my knowledge. So, I decide
to suggest the activities to them instead of giving knowledge to them. I
will tell them this activity will introduce what concept. Or, what materials
they can use instead of the materials that are shown in a book. I give the
ideas for teachers about how to reduce the budget by introducing
alternative instructional tools. (Vimon, Interview #2)
Knowledge of PD curriculum. Vimon mentioned that the PD curriculum was
developed by each professional developer selected some activities from the IPST
Curriculum.
เอามาจากหนังสือเรียนดึงเอามาจากหนังสือเรียนมี sheet เสริมบางในบางกิจกรรมซึ่งเรา
ออกแบบมาใหมมันก็คือ concept เดิมที่เปนเหมือนกิจกรรมทางเลือก ถามาจากหนังสือ
เรียน โรงเรียนนี้อาจจะไมพอก็ไดมีกิจกรรมทางเลือกให กิจกรรมทางเลือกเราอาจจะตองให
เนื้อหาเพิ่ม อยางกิจกรรม electrophorus นี่เราเพิ่มมาทีหลังเราก็ทําใบกิจกรรมเพิ่มให

I selected activities from the IPST Curriculum. I made some extra activity
worksheets or handouts for teachers about the methods in duplicating
manipulatives. (Vimon, Interview #2)
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Vimon mentioned that this PD curriculum would help teachers know how to set up their
science classroom and activities when they were back to the classroom. When asked to
talk about the PD curriculum that she used, Vimon indicated that she wanted to revise the
curriculum for the next PD to provide clear steps of activities in order to help teachers
who did not have solid knowledge to be able to follow the directions. She also wanted to
add a section about alternative ideas and activities in the curriculum to provide more
choices in selecting activities for students.
ถาเรามีการทําเขียนใหละเอียด ใหดี เพราะอยางครูบางคนเขาอาจจะพื้นฐานนอย อาจจะ
อานแลวเขาใจยากสักหนอย เขียนเปน step เปนขั้นๆ แตนี่เราเขียนแคอุปกรณนี้หลักการ
ทํางานมันเปนอยางนี้นะ ก็แคเปนแนวคิดจะทําตอหรือใชอยางอื่นแทนไดไหม

I think I may revise the PD curriculum in the way that provides clear steps
for teachers because some teachers do not have good content knowledge
and laboratory skills. If we write it clearly, these teachers can follow it
easily. I will also add a section about alternative ideas, activities, or
materials so teachers can have choices in making decision. (Vimon,
Interview #2)
Knowledge of assessment of scientific literacy. Vimon indicated that she used
authentic assessment during her PD session in order to assess teachers’ learning. Like
other professional developers, Vimon used discussion and observation of teachers doing
activities to inform her whether teachers learned something.
ที่จริงมันไมจําเปนจะตองมานั่งวัดการวัดผลมันไมใชการเรียนแลวสอบ วัดผลเดีย
๋ วนี้มันก็วัด
ตามสภาพจริงใชวิธีดูจากที่เขาทํากิจกรรมแลวมันทําไดหรือเปลาอยางนี้มันก็เปนการวัดผล
เพราะฉะนั้นผูส
 อนทุกคนเขามีการวัดผลตลอด เขาวัดวาพูดไปแลวผูเรียนตัง้ ใจฟงไหม
ผูเรียนมีการตอบสนองไหมอะไรอยางนี้ มันก็ถือเปนการวัดความเขาใจของผูเรียน วัดหลาย
อยางวัดเจตคติไดดวย มันเปนการวัดผลที่อยูใ นการเรียนการสอน เพียงแตวา มันจะไมไดใน
เรื่องการวัดผลความรูของครู แตมันก็ไมใชจด
ุ ประสงคหลักของเราแตแรกอยูแลว เราไมสอน
ใหเขาไดความรูอยางเดียวอยูแ
 ลว

Now we emphasize using authentic assessment to assess student learning.
This assessment method may not assess the teachers’ content knowledge,
which isn’t our goal neither. We use authentic assessment by observing
whether teachers pay attention to activity, listening to us, showing any
responses, and their attitude. This method is integrated into teaching
process. (Vimon, Interview #2)
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However, the questions that Vimon used with teachers were mostly close-ended
questions. In addition, Vimon did not provide many opportunities for teachers to question
or show their thinking. Vimon mostly served a role as explainer of the activity, directiongiver, and information-supplier about the activity. She always ended her explanation by
asking teachers whether they understood without waiting for their reply. When asking
Vimon how she knew teachers understand science concepts without testing them, Vimon
indicated that she did not agree with testing because it gave teachers the idea that they
had to test students every time after teaching.
เราไมไดเนนเรื่องการทําขอสอบมีความรูส
 ึกวาทําไมเรียนทุกอยางตองทําขอสอบ เรียนเพือ
่
ทําขอสอบหรืออะไร แตเราอยากใหเรียนเพื่อใหเขาเขาใจ แลวเอาไปอธิบาย ขยายผล ไม
อยากใหเคา เดีย
๋ วเปนการปลูกฝงใหเคาวาเรียนจบแลวก็ตองทดสอบนะการจะเช็ควาเขา
เขาใจหรือเปลาไมจําเปนตองทําขอสอบก็ได เชนการทํากิจกรรมนี่ลองทําแลวแขงกันดูกร็ ู
แลววาทําเปนไหม ทําไดไหม

We don’t emphasize learning for testing, but learning for understanding. I
want teachers to learn something and bring it into their classroom. I don’t
see the necessaries of doing a test. We can use other techniques, such as a
racing game. (Vimon, Interview #1)
จากเขาพลิกแพลงวงจรที่เราใหทาํ จากเราวาดรูปวงจรแคนี้ เอาลองทําตอวงจร
แมเหล็กไฟฟานะกลุมไหนจะดูดคลิปแมเหล็กไดมากทีส
่ ุด เขาบอกจะลองเอาลวดพันมา
กรอบนอยรอบหรือวาเพิ่มจํานวนถานไฟฉายหรืออะไรอยางนี้ แตเราไมไดใหดูภาพทั้งหมด
บางวงจรเทานัน
้ เพราะวาภาพก็เปนภาพจากหนังสือเรียนถาไมโชวหนาหองคูมือเขาก็มี ก็
บอกวาดูจากคูม
 ือแลวทําถาเขาทําไมไดก็แสดงวาเขาไมไดเรียนรูอะไรเลยแตนี่เขาตอได
ใหเขาเปนกลุมชวยกันทํา

If teachers can modify the circuit to have the electrostatic property that it
can attract as many paper clips as possible, I think they learned something.
Although they might follow the picture or directions in a book, they might
not be able to complete it if they don’t understand. And when they can do
it, that means they learned something. (Vimon, Interview #1)
In order to see whether or not teachers understand the concepts, Vimon noticed teachers’
performance doing activity. As Vimon indicated, it teachers could finish activities
without any questions, that meant they understand it.
According to the excerpts above, Vimon had limited knowledge of assessment of
teachers’ learning. She did not display her knowledge of what aspects of teachers’
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learning of the topics she taught were important to assess. Vimon exhibited her belief that
if the teachers were able to perform activity, they would develop conceptual
understanding. Vimon also had limited knowledge of methods of assessment. Although
she mentioned authentic assessment, her purpose to employ this assessment strategy was
to assess teachers’ intention in learning rather than to assess important aspects of their
learning and thinking. She indicated that:
วัดผลเดี๋ยวนี้มน
ั ก็วัดตามสภาพจริงใชวิธีดจ
ู ากที่เขาทํากิจกรรมแลวมันทําไดหรือเปลาอยาง
นี้มันก็เปนการวัดผล เพราะฉะนั้นผูสอนทุกคนเขามีการวัดผลตลอด เขาวัดวาพูดไปแลว
ผูเรียนตั้งใจฟงไหม ผูเรียนมีการตอบสนองไหมอะไรอยางนี้

Now we focus on authentic assessment by observing whether teachers can
do activities. So, every professional developer assesses teachers using this
technique to see teachers’ intention and reflection. (Vimon, Interview #2)
In summary, the data for Vimon reveals that she had limited PCK for PD. Similar
to Piti, Vimon believed that teachers already had good understandings of science
knowledge necessary to teach primary grades. Although Vimon mentioned about
teachers’ misconception on magnets, she did not have appropriate knowledge for helping
teachers to overcome those difficulties. In addition, Vimon believed that teachers’
learning occurs when they are able to perform activities. Vimon’s understanding of the
5E model was similar to Piti. She held a misunderstanding of the elaboration steps of the
5E in terms of teachers’ and student’s roles and learning goals for this step. Similar to
other professional developers, Vimon did not explicitly show her understanding of the
IPST curriculum. Although Vimon indicated that she used authentic assessment during
the PD, she only used questioning and observing teachers during the PD activities.
Vimon used these methods in order to check teachers’ attention rather than teachers’
understanding of the concepts. Finally, Vimon did not agree with providing pre- and post
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testing for teachers during the PD. She believed this assessment method would develop
misunderstanding among teachers about teaching to the test.
Somsri’s Implementation, Orientation, and PCK for Professional Development
PD Implementation
Somsri saw herself as helping the teachers enhance their science teaching
methods, content knowledge and, activity management. Somsri indicated that her job was
to help teachers solve the problems they might have in the classroom. Similar to other
professional developers, Somsri indicated that the chemistry content at the elementary
level was easy. She did not think the teachers would have any difficulties either in
learning or teaching the chemistry content for elementary grades.
During the PD implementation, Somsri started her session by introducing all
chemistry concepts for primary students. These concepts were in the IPST Curriculum.
Somsri explained to the teachers about the purposes and content of each concept that
primary students were expected to learn. There are many chemistry concepts in the
primary level. However, Somsri worked with Peter to select some activities that covered
particular topics for this PD. Those topics were material and matter, properties of
material such as heat conduction and toughness, states of matter and its properties,
dissolution, and chemical changes. Teachers did one activity for each concept. Somsri
indicated that her criteria in selecting the PD activities and concepts were 1) reasonable
time limit in which they could finish the activities and, 2) availability of activity
materials. Somsri mentioned that she removed some activities that would take a long time
to observe, such as the separation activity using the suspension method. She also
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indicated that activities of the primary levels were easy, which (she thought) the teachers
would not have any problems in implementing in their classrooms.
For this PD, Somsri focused on introducing activities in the IPST Curriculum,
modeling teaching science using 5E learning cycle model, and helping the teachers to
have direct experiences with the activities.
หนึ่งใหครูไดศก
ึ ษาหลักสูตรทีเ่ ราจัดไวให ทีนี้เมื่อศึกษาหลักสูตรก็ตองรูวาในหลักสูตรมี
กิจกรรมอะไรบาง เทากับใหครูไดมาฝกใหแมนยําขึ้นกอนทีจ
่ ะนําไปสอนเด็กถาเขาไดฝก
และเราไดชี้แนะในสิ่งที่เคาควรจะเนนกับเด็ก เคาก็จะเกิดความมั่นใจขึ้นนั่นคือประเด็น
หลักวา ไดมาฝกดวยตัวของตัวเอง ผิดถูกยังไงเขาจะไดสํารวจตัวของเขาดวยวาที่ผา นมา
เขาทํายังไงกับเด็ก เราเพิ่มเติมใหเขา เขาจะไดนําไปเพิ่มกับเด็กหรือไปชีแ
้ นะกับเด็กตอ
นั่นคือประเด็นที่หนึ่ง

The purpose is to help them [the teachers] know curriculum. They need
to know what activities are in the curriculum before they teach the
students. We [professional developers] suggest to them what significant
things they need to emphasize to the students. Then they have more
confidence to teach because they are trained well. They also have the
opportunity to check themselves about what they have done in the past.
Our role is to supplement them with additional information so they can
do the same thing with the students. (Somsri, Interview #2)
Somsri’s other goal was to improve the teachers’ lab skills, which would help the
activities work. Somsri indicated that the majority of teachers had less experience in labs.
Thus, the teachers did not have confidence in implementing science activities with their
students. Somsri also mentioned that although she believed that the PD teachers already
understood the chemistry concepts they taught at school, she still wanted to explain that
content knowledge to the teachers in order to help them recall and confirm their
knowledge.
After introducing the curriculum, Somsri modeled the engagement step by asking
teachers to fold a strip of paper and a banana leaf. Then, she asked the teachers to explain
what the purpose was of this activity. Before doing each activity, Somsri asked the
teachers to carefully read the activity instructions in the PD manual before starting the
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activities. At the same time, she clearly explained to teachers what they needed to do and
observe. For example, during the heat conduction activity, Somsri warned teachers to
touch each spoon about 1 centimeter from the end. Rather than encouraging teachers to
design their own investigation, Somsri directly told teachers when they should start and
stop timing. After the teachers finished each activity, Somsri led the discussion about
results and conclusions. She also explained to the teachers what scientific concepts and
lab skills they needed to know of each activity. However, at the end of this activity,
Somsri reminded teachers to lead the discussion with their students about the activity in
terms of its design and limitations. She mentioned to the teachers that although she did
not have the teachers design their own experiment, the teachers should encourage the
students to do it. In addition, the teachers might be able to use other materials or activities
with the students in order to introduce the concept of heat conduction. During the
activities, Somsri traveled from group to group and asked questions that checked the
accuracy of the teachers’ observations and focused the teachers along a path that would
lead them to a correct conclusion. She also asked the teachers to hurry, because she was
afraid that if the time ran out, the teachers could not do every activity. In addition, Somsri
was afraid that she would not have time to provide important information on each
concept to the teachers.
ก็อยากจะขอรองอาจารยวาชวยกันทําอยางรวดเร็วแลวเราจะไดมาคุยรายละเอียดของ
เนื้อหาจากการทดลองอีกครั้งหนึ่ง ถาอาจารยทําการทดลองชาเราจะไมมีโอกาสจะบอก
อาจารยในสิ่งทีเ่ ราอยากจะบอก เพราะฉะนั้นอาจารยตองรีบทํากิจกรรม รับบันทึกผลและ
สรุปกิจกรรมอะไรตออะไรไมอยางนั้นอาจารยทําไปแลวอาจารยก็ไมไดมาสรุปผลอาจารยก็
ไมได concept อะไรที่จะไปบอกเด็กนะ

I would like to ask you to hurry in doing activities so we could have time
to talk about the details of activities. Otherwise, I would not have a chance
to tell you about many things that you need to know. So hurry and make
conclusions. Otherwise, you would not know the concepts and you would
not able to talk to your students when you return to your classroom.
(Somsri, During PD Implementation)
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Although Somsri modeled the 5E model of instruction to the teachers, she
believed that it was not necessary to implement all 5 steps for every science activity. She
mentioned that it depended on the content and the nature of the activities. For some
activities, it was impossible to implement all 5 steps. Somsri indicated that only some
activities that required labs would have all steps. In addition, the observations of her PD
implementation and interview revealed that Somsri believed that teachers had an
important role in leading students to scientific knowledge. After the end of each activity,
the teachers still needed to provide the scientific facts directly to the students.
Orientations
Figure 13 represents my analysis of Somsri’s orientations. I found that, during the
interviews and PD implementation, Somsri’s orientation to PD consisted of four central
goals and one peripheral goal. Her central goals were 1) to introduce scientific activities
in the IPST curriculum that were aligned with the reform National Science Standards; 2)
to develop PD participants’ laboratory skills that were necessary to make the activities
work; 3) to develop teachers’ conceptual understanding of the chemistry concepts that
were taught in PD; and 4) to model teaching science through inquiry to the teachers.
เคาก็จะไดวิธีการสอน ไดเนื้อหา ไดการทํากิจกรรม อาจจะชวยแกปญหาการทํากิจกรรมให
เขา แลวก็วิธีสอน เราก็ไมแนใจวาเขาจะเกงกวาเราหรือเปลาแตเราก็จะใหเขา วิธีสอน การ
อภิปราย สรุปผลการทดลอง เทคนิคตางๆ

Teachers will learn teaching techniques, content knowledge, and practice
their performance in doing activities. I will also help them solve some
problems that occur during the activities. I’m not sure that they might be
better than I thought, but I will give teaching methods, discussion,
conclusion, and other techniques to them anyway. (Somsri, Interview #1)
To support these goals, Somsri saw her job as a way to have the PD participants
recognize the chemistry concepts that were required to teach for the primary grade level.
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She tried to cover many activities in the IPST Curriculum by either explaining directly to
the teachers or allowing the teachers to do the investigation.
หนึ่งเพื่อใหครูไดศึกษาหลักสูตรที่เราจัดไวให ทีนี้เมื่อศึกษาหลักสูตรก็ตองรูวาในหลักสูตรมี
กิจกรรมอะไรบาง เทากับใหครูไดมาฝกใหแมนยําขึ้นกอนทีจ
่ ะนําไปสอนเด็กถาเขาไดฝก
และเราไดชี้แนะในสิ่งที่เคาควรจะเนนกับเด็ก เคาก็จะเกิดความมั่นใจขึ้นนั่นคือประเด็นหลัก
่ านมา เขา
วา ไดมาฝกดวยตัวของตัวเอง ผิดถูกยังไงเขาจะไดสํารวจตัวของเขาดวยวาทีผ
ทํายังไงกับเด็ก เราเพิ่มเติมใหเขา เขาจะไดนําไปเพิ่มกับเด็กหรือไปชี้แนะกับเด็กตอ นั่นคือ
ประเด็นที่หนึ่ง (อ. ณัฐสรวง_#2interview)

I introduced curriculum to teachers such as how it aligns with standards,
how many activities there are. I think this way helps teachers have more
confidence about the curriculum. I provide opportunities for them to
practice activities before they have to teach students. So, they can check
themselves whether or not they did it right in the past. I will also suggest
necessary knowledge, teaching techniques, so they can do the same things
with their students (Somsri, Interview #2).
เราไมไดใหเคาทําทุกเรื่อง เพราะเวลามันจํากัด แคนี้ก็ไมทันแลว แตเราก็อธิบายใหเคาทุก
เรื่อง อันไหนทีเ่ ปนเทคนิคเราก็เนนใหเคาแตเคาก็ไมไดลงมือทํา แตกค
็ ิดวาถาเคาลงมือ
จริงๆ มันก็ทําไดเพราะมันไมมอ
ี ะไรยาก

They [teachers] did not do every activity because we didn’t have time.
However, I explained either knowledge or techniques of every activity to
them although they did not do hands-on activities. But, I think if they had
a chance to do it, they could do it anyway because it isn’t difficult.
(Somsri, Interview #2)
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Figure 13. Somsri’s Goals for PD
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Somsri added that another goal for PD was to help teachers understand the
chemistry concepts in grades 1-6. This PD was mixed with teachers who taught 1-3 grade
levels and 4-6 grade levels. Somsri mentioned that these teachers needed to understand
the curriculum vertically they needed to know what students learned in the previous years
and what they would learn in the next grade level. In addition, Somsri indicated that
teachers themselves needed to understand 1st to 6th grade curriculum because they might
have to teach different grades in the near future.
ครูบางคนไมเคยสอน บางคนก็สอนแลว บางทีสอนชวงชั้นหนึ่ง แตชวงชั้นสองไมไดสอน
ครูบางคนสอนชวงชั้นสอง ชวงชั้นหนึ่งไมไดสอน เพราะฉะนั้นการอบรมนีท
้ ําใหครูไดรู
เนื้อหาหรือองคความรูต
 ลอดหลักสูตรของชั้นประถม นี่เปนจุดมุงหมายอีกอยางหนึ่งดวย
เพราะคนหนึ่งจะสอนทั้ง 2 ชวงชั้นนอย สวนมากจะชวงชั้นไดชวงชั้นหนึ่ง ทําใหครูไดรู
ในชวงชั้นที่เขาไมรูดวย

Some teachers did not use our curriculum before, some teachers only teach
at 1st-3rd grades while some teachers teach 4th-6th grades. But, I think
teachers need to know the curriculum along 1st-6th grade in order to
understand what students have to learn at these levels and to be able to
teach in any grades. (Somsri, Interview #2)
To help teachers to understand about the 5E model of instruction, Somsri used
this teaching strategy as her PD strategy. Somsri selected one activity for fully modeling
how this teaching approach could be used in science classroom. Like Piti, Somsri
reminded teachers about her techniques that she had done at the beginning of the session.
สอน Inquiry ครบทั้ง 5 ขั้น โดยสาขาเคาใหเราเลือกเองวาจะเอากิจกรรมไหนมาสาธิต 5E
ซึ่งกิจกรรมมันสามารถครอบคลุมเนื้อหา ตั้งแต ป1 – ป6 ครอบคลุมไดหมดเลย เราก็ทําให
เคาดูจากนั้นก็มาเนนย้ํากับเคาอีกทีวาแตละขัน
้ ที่เราทําคืออะไร

The department asked us to model teaching science using all 5 steps in
inquiry. We were free to decide what activity in what grade that we would
use for modeling. So, I modeled for teachers how science should be taught
and after that reminded teachers about each step I did. (Somsri, Interview
#2)
In order to develop teachers’ conceptual understanding, after each activity, Somsri
explained the results, conclusions, and scientific knowledge to the PD participants. In
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addition to activities, Somsri indicated that she should help teachers develop laboratory
skills and techniques that were necessary to do activities.
สวนใหญเราเนนใหความรูเพื่อใหเคานําไปสอนเด็ก เราก็ตองใหทาํ กิจกรรมในหนังสือเรียน
กอนที่จะไปสอนเด็กเพื่อใหเกิดความมั่นใจ แลวเราคอยมาเพิ่มเติมเนื้อหา ความรูแ
 ลวก็
เทคนิคตางๆ ใหเคาอีกที

My emphasis is to give teachers knowledge that they have to teach. I had
teachers do the same activity as in the curriculum they use at school in
order to help them have more confidence. After that I provided content
knowledge, teaching techniques, and lab techniques that they need to
know. (Somsri, Card Sort Activity)
เพราะเราไมได pre lab เขาเพราะเห็นเขาเปนครูแลว ถาเราสอนเด็กเราตอง pre lab
ไมอยางนั้นจะไมรูไงวาตองสังเกตอะไรใจอยากจะ pre lab กับเขากอนดวยซ้ํา ทีนี้เราก็ยัง
ลังเลอยูวามันเหมาะสมไหม ที่จะมา pre lab กับเขาคนระดับนี้ ไมใชเด็กนะ ถา pre lab
มากไป ก็เหมือนเราชี้นํามากไป อยากใหเกิดจากเขา ใหเขาคนพบเอง แตปรากฏวาบางคน
ก็พบเอง บางคนก็ไมพบ เพราะฉะนั้นถาจะแกจริง ๆ โดยไมตอ
 งถือวาเขาระดับไหน เพื่อให
ไดผลถูกตอง สังเกตไดครบถวน ควรจะ pre lab กอน

I wish I could provide pre-lab to teachers. But, I didn’t because I thought it
might not be appropriate since they are teachers and it might be too much
guidance. I want them to figure out on their own, but only some of them
can do that while many of them don’t know what to observe. I think the
solution is to provide pre-lab to them no matter if they are teachers or
students. (Somsri, Interview #2)
Somsri, as a professional developer, also determined her role in providing
guidance to the teachers before they started doing activities. The teachers needed to know
what to observe, how to conduct the activities, when to start measuring, and explanations
for those activities.
หยดแอมโมเนียหอมมันก็ไดผลนะ แตวามันควรจะเพิ่มจํานวนหยด เพื่อใหเห็นสีชัดเจนกวา
นั้น ซึ่งที่แรกก็จะบอกเขาเหมือนกัน แตก็ไมไดบอกวาควรจะใชจาํ นวนหยดมากกวานั้น แต
มันก็เห็นสี แลวเราบอกใหคน ครูเขาก็ไมคน เขาก็แคหยดเห็นสีเขาก็จบ เขาไมคอยละเอียด
ที่จะทําตามที่เราบอกไว แตมันก็เห็นผล แลวก็การสังเกตของครูเขาไมคอยละเอียดเทาไหร
้ เขาไมคอยสังเกตเชน สีเปลีย
่ นเปนสีน้ําเงิน
เขาก็มองเห็นแตสิ่งที่มันชัด แตวาลึก ๆ กวานัน
แตเคาไมพด
ู ถึงวามีตะกอนดวยนะ เขาไมสังเกตละเอียด เขาไมสังเกตวาสีเปลี่ยนจากฟา
เปนสีน้ําเงินก็จบ เราไมไดย้ํา เราตองการจะทดสอบความคิดของเขา วาเขาจะคิดยังไงเขาก็
ใช บีกเกอรใหญบางเล็กบาง แลวก็การผสมปบเนี่ยเขาก็คนๆ บอกใหคนก็คน เขาไมรูจะ
สังเกตอะไรนอกจากกลิ่นจะมาปะทะเขาเองบอกใหดมรูส
 ึกเราไมบอก ผสมใหเขากัน แลวก็
สังเกต เขาก็หนึ่งภาชนะมันจะตองเย็นลง เขาก็แทบไมคอยไดสังเกต จนเรามาเนนเขาตอง
จับ กลิ่น ตองสังเกตทันทีถานานมันจะหมด ซึ่งจริงๆ เราก็อยาก Pre-lab ใหเคากอนนะ เคา
จะไดรวู าจะตองทําอะไรยังไง

For example the ammonium hydroxide activity, teachers did not have
ideas about how many drops they should put into the test-tube and when
they dropped it, then it’s done. They did not stir or observe carefully what
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else happened excluding changing color. I did not emphasize this because
I wanted to see their ideas. But, if we did not tell them, they wouldn’t do
anything. Finally, I had to tell them what they needed to observe, what
would happen, and why. I think providing pre-lab to teachers might be a
good idea, so they would know what to do. (Somsri, Interview #2)
To help teachers improve their laboratory skills, Somsri orally explained to teachers
about the activities, and asked teachers to read and followed the activity directions while
they were doing activity. Somsri warned teachers when she noticed teachers deviate from
the activity directions.
บางทีครูเขาก็ไมไดเนนย้ําเด็ก เราก็เตือนครูวา อยางนี้ตองเนนเด็กนะ ตองสอนเด็กนะ เราก็
จะเตือนไปในตัวดวย สิ่งที่ครูทาํ ไมถูก เราก็กลัววานําสิ่งนัน
้ ไปสอนเด็ก เราก็ตอ
 งเตือนที่ถูก
มันเปนยังไง

Sometimes teachers don’t emphasize to students, so I have to warn them
not to forget teaching their students. Or, when they don’t use lab
techniques correctly, I will warn them and tell them the right thing.
Otherwise, they will teach something that is not correct to students.
(Somsri, Interview #2)
Figure 13 also reveals Somsri’s peripheral goal, which was to promote classroom
implementation using the 5E strategy and PD activities.
อยากใหเคานําเอาวิธีการสอน และกิจกรรม ไปใชกับนักเรียนในหองเรียน เราก็ใหความรูเคา
แนะนําเทคนิคตางๆ ใหเคาเพือ
่ ใหเคาเอาไปใชสอนไดอยางมั่นใจ

I want teachers to use what they learn from PD, such as teaching
techniques, and activities with their students at schools. I also provide
knowledge and suggest other techniques to them in order to help them
teach with confidence. (Somsri, Interview #2)
Somsri’s orientation for PD was also displayed when she reflected on the
scenarios during the card sort activities. Table 9 shows Somsri’s interpretation and
arrangement of the card sort scenarios into an order that most represented her PD
teaching.
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Table 9
Somsri’s Arrangement and Interpretation of the Card-Sort Scenarios
Items
10

Scenarios
You, as a professional developer, have
teachers first engage in laboratory activities
in a book, class discussion. You will end
each activity with your explanation of
science knowledge beyond those activities.
(didactic)

Somsri’s Interpretations
“This scenario is similar to my teaching. We will
provide opportunity for teachers to discuss, but
we have to provide correct knowledge to them at
the end of the activity.” (didactic)

4

When doing laboratory activities, you
provide teachers with clear, easy following,
step-by-step directions for the activity
procedure. Every activity was in the
National Curriculum. You also provide the
teachers with materials to help them
implement the activities at their classrooms.
(activity-driven)

“I employ the same strategies stated in this
scenario, except I don’t give materials for
teachers to take to school. They have to find their
own.” (activity-driven)

8

You, as a professional developer, design a
PD lesson on dissolution by encouraging
teachers to do activities that their students
would do. At the end of session, you assign
teachers to discuss within their group, then
as a whole about what they learn about
dissolution and about teaching this unit.
(reflective)

“Because we want them to implement the
activities with their students when they go back
to school. The activities that teachers do in the
PD are in the curriculum that teachers have to
teach. Then, PD provides opportunities for them
to practice those activities.” (activity-driven)

2

You, as a professional developer, begin a
unit of electricity by having teachers talk
about their ideas about electricity. Then you
allow teachers to work with a particular
circuit and develop their own explanations.
You show the scientists’ ideas about
electricity and encourage teachers to discuss
and compare how their ideas are different to
the scientists. (conceptual change)

Actually, this scenario is too broad. Maybe I am
not an expert in physics, but I think it’s too
broad. However, we use this strategy in the PD,
except comparing ideas with scientists. I don’t do
that and don’t understand why it is needed. If this
sentence means compare teachers’ findings with
scientific theory, I do that. I give teachers the
correct answer of the findings and provide
explanations. (didactic)

9

You, as a professional developer, begin a
unit on sound by introducing curriculum,
explaining materials, allowing teachers
doing activities, and you explaining the
concepts at the end of activities. (didactic)

For my session, I introduced and explained the
framework of the Chemistry concepts that are in
the Standards, and then told teachers what they
had to do in this session, and then allowed them
to do activities following the directions in a book.
(didactic)

3

You, as a professional developer, set up PD
lessons for a unit on heat conduction. You
introduce heat conduction activities for a 6th
grade elementary book. You select a variety
of fun, and easy-to-do activities for PD.
(activity-driven)

During the implementation, I told them that
rather than the activity they did on that day, they
still had other activities that introduced the same
concept. They can decide which activity would
be better for their students. Actually, if we had
more time, I would have them do many kinds of
activities. But, it was not possible. Thus, what we
could do was to give them suggestions. (activitydriven)
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Somsri indicated that the strategies in scenarios 10 and 4 were close to her PD
strategies. Somsri reflected on scenario 10 that:
นี่ละเราก็ทาํ แบบนี้ละ เราใหครูเคาไดทํากิจกรรม ใหเคาไดเห็นไดสัมผัสของจริงกอน
จากนั้นใหเคาไดสนทนากันในกลุมซึ่งตรงนี้ไมตองบอกเคาหรอก มันเกิดเองโดยอัตโนมัติ
แลวเราคอยมาอภิปรายกันในกลุมใหญอีกทีโดยวิทยากรนําสรุป นําอภิปรายพรอมทั้งแทรก
ความรูไปดวย

I do the same way stated in this scenario. I have teachers to do activities in
order to help them have hands-on experience. Then, I encourage them to
discuss within their groups. Actually this phenomenon occurs
automatically without telling them. Then, I encourage them to discuss as a
big group when I lead them to the conclusion and discussion of the
activities. Then, I provide the explanation and knowledge for those
activities. (Somsri, Card Sort Activity)
According to Table 9, Somsri’s reflection on each scenario was quite consistent
with her implementation: teachers would be engaged in hands-on activities and be
provided activity findings and content knowledge. At the end of the activity, Somsri led
teachers to come up with the conclusions of the activities. Somsri also provided content
knowledge that she felt was necessary for teachers to teach at school, and also other
teaching techniques that they needed to know. Somsri’s reflection on scenario 9
corresponds with the beginning of her session, when she introduced the curriculum to the
teachers in order to help them understand the framework and objectives of the activities
in the curriculum. She preferred teachers to perform activities following the activity
directions rather than challenging them to design and carry out their own investigations.
กอนที่เราจะอบรมเราก็ตองแนะนําขอบขายของหลักสูตรวามีอะไรบาง แลวตอไปเราจะตอง
ทําอะไรบาง หลังจากนั้นใหเคาดําเนินการทดลองตามหนังสือเรียน เพราะอุปกรณเคาก็มีอยู
แลว

For my session, I introduced and explained the framework of the
Chemistry concepts that are in Standards, and then told teachers what they
had to do in this session, and then allowed them to do activities following
the directions in a book. (Somsri, Card Sort Activity)
Somsri’s orientations were a combination of didactic, activity-driven, and
pedagogy-driven orientations. Somsri strongly exhibited the didactic orientation. For
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example, although she allowed the teachers to explore many activities, she always
provided the explanation of activities and scientific knowledge to the teachers rather than
provide opportunities for the teachers to construct and communicate their own
explanations. She led the discussion with teachers in order to provide them with the
correct activity results, conclusions, and knowledge of the concepts that were taught.
Somsri held a didactic-driven orientation, as seen when she rushed the teachers in doing
activities. Somsri also asked the teachers to follow the activity instructions in the activity
manual strictly.
การเปลี่ยนแปลงทางเคมี ปญหาก็คือครูเขาไมคอยไดอานวิธีทดลองอยางละเอียด ครูเขาก็
จะหละหลวมไปในบางบางเรือ
่ ง อยางเชน เรื่องแกสก็ไมมป
ี ญหานะ ชัดเจนอยางเชน หยด
แอมโมเนียหิมมันก็ไดผลนะ แตวามันควรจะเพิ่มจํานวนหยด เพื่อใหเห็นสีชัดเจนกวานั้น ซึ่ง
ที่แรกก็จะบอกเขาเหมือนกัน แตก็ไมไดบอกวาควรจะใชจํานวนหยดมากกวานั้น แตมันก็เห็น
่ ะทํา
สี แลวเราบอกใหคน ครูเขาก็ไมคน เขาก็แคหยดเห็นสีเขาก็จบ เขาไมคอยละเอียดทีจ
ตามที่เราบอกไว

I had problems during the teaching of chemical change because teachers
did not read the directions closely. So, they did not make observations
carefully without my guidance. (Somsri, Interview #2)
This claim was also supported with the card sort activity when Somsri agreed with
scenario 10. This scenario indicated that after the teachers did the activities, the
professional developers provide explanations. Somsri’s reflection on scenario 2 also
confirmed her didactic orientation. She did not agree with scenario 2 at the beginning
because to have the teachers share their own experience about electricity without leading
questions was too broad. She explained that they (the professional developers) should be
more specific about what “we want them to talk about” (Somsri, Card Sort Activity). She
also mentioned that she did not like the statement at the end of the scenario that had the
teachers compare their own explanations with the scientists. Somsri indicated that she
already informed the teachers of the correct science concepts and scientific theories.
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มันติดตรงที่นําเสนอความรูท
 ี่พบโดยนักวิทยาศาสตรนแ
ี่ หละ ก็ถูกเวลาเราสอนเราก็ใหทาํ
กิจกรรม เราก็ใหมีการอภิปราย อธิบายแลวก็ใหความรูเพิ่มเติม ใชเราตองทําอยางนั้น แลวที
นี้เปรียบเทียบความรูของตนกับของนักวิทยาศาสตรมันเปนยังไง หมายความวาผลของเคาที่
ไดกับทฤษฎีใชมั้ย อันนี้เราก็ตอ
 งอภิปรายอยูแ
 ลววาผลของเคาออกมาตรงหรือไมตรง ถูก
 งมีการชี้แจง มีการอธิบายอยูแ
 ลว
หรือผิด เราก็ตอ

I don’t do that and don’t understand why teachers need to compare their
finding with the scientists. If this sentence means compare teachers’
findings with scientific theory, I do that. I give teachers the correct
findings and provide explanation. (Somsri, Card Sort Activity)
However, she agreed with the strategies in scenario 2 that required the teachers to discuss
specific questions, do activities, discuss their results, and be provided with the correct
responses at the end of each activity.
Somsri slightly displayed an activity-driven orientation. During the PD
implementation, she would try her best to cover all of the activities that she prepared for
the PD, especially at the end of the session, rather than focusing on the teachers’
understanding of the activities or the scientific concepts. Although Somsri provided
content knowledge of each activity to teachers, she did not know whether or not teachers
understood her explanations.
เราก็พยายามใหเขา แตเราก็ไมแนใจวาครูเขาจะเขาใจถูกตองไหม เราก็เลยย้ําเขาโดยแยก
่ ุด แตกไ
็ มรูวาเคาไดแคไหนนะ
ใหเขาเห็น ใหได concept ใหมากทีส

I try to give correct knowledge to them as much as I can. However, I’m
not sure whether they understand it in the way that I want them to
understand. I try to make each concept clear for them. (Somsri, Interview
#2)
กิจกรรมก็ไมไดลดเพียงแตวาเราจะควบคุมเวลาของเราใหเร็วขึ้นหรืออะไรเพื่อใหมัน
ทันเวลา อยางเชนครูเขาทดลองชาเราก็จะพยายามกระตุนเขาเพื่อใหทัน แลวเราก็รีบ
อธิบายเคา

I don’t reduce the number of activities. Instead, I control the timeframe by
rushing teachers to hurry finishing the activities and I will quickly provide
explanations. (Somsri, Interview #1)
In line with the pedagogy-driven orientation, during the PD implementation
Somsri encouraged the teachers to relate their direct experiences as learners in the PD to
the pedagogical strategy that they might use in the classroom. Somsri frequently
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informed the teachers which element she believed was important and should be
emphasized to the students. However, Somsri indicated that she did not agree that
professional developers had to model teaching science using the 5E model of instruction
because it was wasted time and caused her to rush teachers at the end of the session.
แตทีนี้ถาจะแสดงการสอนใหครบทุกขั้นตอน ซึ่งคราวกอน ๆ ไมไดแสดงกันขนาดนี้ แต
คราวนีแ
้ สดงจนครบ ก็เลยทําใหเสียเวลา เพราะฉะนัน
้ คิดวา คราวหนาถาจะอบรมใหม คิดวา
เราไมตองเอาใหครบชั้นแลว มันไปทําใหเนื้อหาสวนหลังทีม
่ ันสําคัญกวา มันเสียเวลาไป
เพราะคราวหนาคิดวาจะตองลด ใหเขาทํานิดหนอย แตไมตอ
 งครบทุกขั้นตอน คิดวามันจะ
ชวยใหมีเวลาพอสําหรับเรื่องขางหลัง เพราะเรื่องขางหลังมันเรงมาก

In this PD, I fully modeled the teaching strategy, which I only partially
modeled the strategy in the previous PD. I think it wasted time, I couldn’t
have teachers finish all activities that I expected them to do. I think, I
won’t have teachers participate in every phase like this PD. So, I will have
enough time for the activities at the end. (Somsri, Interview #2)
Somsri indicated that she might not fully model the 5E teaching strategy in future PD
projects. According to the excerpt, Somsri did not have as strong a pedagogy-driven
orientation as compared to Piti.
In summary, Somsri held multiple orientations, a similar trait she shared with
other professional developers. She believed that whether or not the teachers understood
the concepts before participating in the PD, her role was to instruct or re-enforce content
knowledge, which included science knowledge, teaching knowledge, or knowledge in
doing laboratory activity. Because of the time constraint, Somsri indicated that
professional developers should have the teachers do the activities that introduce
important and difficult concepts. In order to save time, the professional developers could
directly describe to the teachers the fundamental science concepts rather than having
them to engage in an activity.
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PCK for PD
Knowledge of teachers’ understanding of science. Somsri exhibited that she did
not know much about the PD participants, such as educational backgrounds, perceived
needs, or their problems at schools. She indicated that:
ปญหาของเขาเราก็ไมทราบเพียงแตวา ที่เราเห็นจากครูประถม แตทีนี้ของ สช. เราก็ไม
ทราบวาเคามีปญ
 หาตรงกับครูประถมของรัฐหรือเปลา แตทีนเี้ ราก็ assumeวาเขาอาจจะมี
ปญหาเหมือนกันเราก็ไมรูวาวุฒิของครูเขาสูงกวาโรงเรียนรัฐบาลหรือเปลาเราก็ไมรู ถาเขา
สูงกวาเขาอาจจะมีความรูมากกวาแตถาโรงเรียนรัฐบาลสวนใหญเขาก็ไมคอยเอก
วิทยาศาสตรเขาก็ไมไดเรียนวิชาเอกวิทยาศาสตร เพราะฉนัน
้ content อะไรเขาก็ไมคอย
จะปนสรุปอะไรก็ไมคอยจะเปนทําการทดลอง เทคนิคตางๆ ก็ไม คอยจะเปนเทาไหร และ
เครื่องมือตางๆ

I don’t know their problems, what they need because they are from private
schools, which I am not familiar with. But, I assume that they have the
same problems as the public school teachers in that those teachers do not
have science education background. Thus, they don’t have solid content
knowledge, which leads to inability in doing an activity, making
conclusions and explanations. They may not know about the teaching
techniques and laboratory skills either. (Somsri, Interview #1)
According to the excerpt, Somsri did not have information about teachers’ needs for
learning a particular chemistry topics or knowledge of teachers’ abilities and skills.
However, based on her experience working with public school teachers, she assumed that
these teachers might have the same problems.
Somsri displayed that her knowledge of areas of teacher difficulties was also
limited. She mentioned that the chemistry concepts at primary grades were superficial,
and teachers did not need to have knowledge in depth in order to understand these
concepts. Somsri explained that teachers should not have any problems with the content
knowledge for teaching primary grades. In addition, the activities that IPST designed for
primary students were easy to do, and curriculum developers provided clear steps for the
activities in a teacher-guided book.
ในหลักสูตรของเราเองนี่นะ ไมรูสิเนื้อหาไมไดลึกอะไร ดูเหมือนครูจะเขาใจ กิจกรรมเพียง
ยากเหรอ ไมรส
ู ิ ไมรส
ู ึกวามันยากเพราะกิจกรรมเราก็งายๆนะ

157

The content knowledge and activities in our curriculum are not difficult. I
think teachers seem to understand all of them. (Somsri, Interview #1)
Somsri indicated that in teaching the concept of heat conduction, the difficulties that
teachers might have would be knowledge about the kinetic energy. However, this
knowledge was already provided in the teacher-guided book.
ในระดับนี้เราก็ไมไดพูดอะไรมากเพียงแตวาในคูมือครูเราจะเขียนไว มันเกี่ยวกับเรื่อง
พลังงานจลนเหมือนกันอานุภาคของของแข็งเมื่อไดรับความรอนแลวมันจะเคลื่อนที่เร็วมี
พลังงานจลนเพิ่มขึ้นเราไมไดลงในเนื้อหาแตเขียนไวในคูมือครูเพราะฉะนั้นเราก็ไมไดลงลึก

I don’t go into details about kinetic energy during the PD, but I tell
teachers that they can look at the teacher-guided book. (Somsri, Interview
#1)
In addition, Somsri mentioned that the concept of kinetic energy might be too high for the
teachers to teach at primary levels. Thus, she preferred to emphasize only the concepts
that teachers had to teach.
เนื้อหาที่เราจะอบรมใหครูนี้กจ
็ ะเทากับที่นักเรียนทํา หรือเทากับหลักสูตรโรงเรียน ไมได
เกินไปกวานั้น

The content knowledge that I will provide to teachers during the PD will
be the same level of knowledge for students. (Somsri, Interview #1)
Knowledge of PD Strategies. Similar to Piti and Vimon, Somsri demonstrated her
knowledge that there are 5 steps in inquiry including engagement, exploration,
explanation, elaboration, and evaluation. Somsri indicated that she used inquiry as her PD
strategy because it provided opportunities for teachers to participate in hands-on
activities. This strategy helped teachers to understand the science process and develop
laboratory skills when professional developers led teachers to discussion and provided
correct knowledge at the end of activities.
เพราะเคาไดทาํ จริง ไดสัมผัส ไดสังเกตโดยการสัมผัสจากของจริงแลวก็มค
ี ําอธิบาย
อภิปรายกันประกอบเขาก็นาจะเขาใจ วิทยากรนําอภิปรายและอภิปรายรวมกัน

Because they have real experience by doing the activities, and together
with my explanation, I think they will develop knowledge. (Somsri,
Interview #1)
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เราจะเริ่มแนะนําเนื้อหาในสาระ เคมีกอน แลว แนะนํากรอบวากรอบของสาระนี้ใน
ระดับประถมนี้เปนยังไง จากนัน
้ ใหครูทาํ กิจกรรมที่มีอยูใ นใบงาน แลวเราจะมาอธิบายองค
ความรู พรอมทัง้ เนนย้ําสิ่งที่ครูควรจะรู เชน เทคนิคการทํา lab หรือวาการนําไปใชใน
หองเรียน อาจารยควรจะถามอยางนี้ เราจะสอดแทรกไปดวยตลอด ก็คิดวามันนาจะเปน
อยางนี้ละนะ เรามานั่งคิดอยางนี้นะ คิดวาบางทีรายละเอียดทีเ่ ราอยากจะใหเขาบางที เวลา
มันไมพอ บางทีเราก็ลืมไปบางอะไรอยางนี้ รายละเอียดเรื่ององคความรูบางอยางเรา
อยากจะพูด แตบางเราไมไดพด
ู เชนวา ทําไมของเหลว และ แกซ จึงมีรูปราง หรือ ปริมาตร
ไมคงที่เหมือนกับของแข็ง มันเพราะอะไร เพราะวาการจัดอนุภาค อนุภาคที่อยูใ นของเหลว
และแกส มันจัดตัวตางจากของแข็ง อันนี้ก็ลืมพูดไป บางทีมันเรงจนกระทัง่ ลืม องคความรู
บางอยาง เราก็ไมไดพูด ซึ่งบางทีเราก็เสียดายเหมือนกันมันนาจะไดพด
ู

I start by briefing the chemistry concepts in the Standards to teachers in
order to provide an image to them about the framework, such as what
students have to learn at primary grades. Then, I have teachers do
activities and then I explain content knowledge and knowledge of
laboratory techniques to them. When teachers are doing activities, I walk
around and remind them of the techniques. I know that there is much
content knowledge that I want to give to them, but I forget. For example,
why solid, liquid, and gas have different properties in terms of mass,
volume, and shape. Unfortunately everything is in a hurry so I forget to
tell them. (Somsri, Interview #2)
Hence, Somsri displayed her knowledge of PD strategies in that she was able to describe
and demonstrate the 5E to teachers during the PD. She also helped teachers to relate this
strategy to their use in their classrooms.
Somsri exhibited her knowledge of representation of specific topics by providing
direct explanations to the teachers. Somsri claimed that during the PD:
ถาอาจารยทําการทดลองชา เราก็ไมมีโอกาสจะบอกสิ่งที่อยากบอก เพราะฉะนั้นอาจารย
รีบๆ ทํากิจกรรม เราจะไดบอก concept อาจารยจะไดได concept ไปดวย

If you do not hurry, I won’t have opportunity to explain to you. So, if you
want to have the concept, you need to hurry. (Somsri, During PD
Implementation)
Her PD implementation revealed that Somsri only demonstrated one way of
representation in order to facilitate teachers’ learning. In addition, the excerpt above also
reveals that Somsri believed that without her explanation, the PD activities alone could
not be used to help teachers comprehend important information about the specific
concepts.
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Knowledge of PD Curriculum. Somsri exhibited her knowledge of the PD
curriculum in that she described to teachers the framework of the IPST curriculum and
how it served the Standards. In addition, she was able to explain what activities were
necessary to put into the PD curriculum and why.
อยางกิจกรรมทีเ่ ราจัดมาเราก็คด
ิ วาจัดมาครอบคลุม ตั้งแต ป1 - ป6 แลว ถาเผื่อนอยกวานี้
เราก็รูสึกมันจะนอยไป มากกวานี้ก็ไมไหว ถาแคนี้ เราก็คด
ิ วาถาเรงหนอย ถาเรงแบบรีบ ๆ
มันคงจะทัน เราก็เลยเอาแคนี้

The activities that are in the PD curriculum cover the content for 1st-6th
grade. If we prepare less than this, I feel it is not enough. But, we cannot
provide more activities or content than what we prepare right now because
we don’t have enough time to talk and implement in the PD (Somsri,
Interview #1)
Somsri knew that there were not answers in the activity worksheets, which were
in the activity handbook. Thus, she rushed teachers to finish activities, so she could have
more time to her to provide answers and information for answering the questions on the
worksheets.
Knowledge of assessment of scientific literacy. Somsri was the only professional
developer whose central goal was to develop teachers’ content knowledge in the
chemistry topics that they had to teach in their classroom. However, she did not explicitly
display her knowledge about what aspects of teachers’ learning were important to assess
within the chemistry concepts in the PD. The information about teachers’ learning of the
concept she taught was only from her senses--by discussion and interaction with teachers
during her session.
จากปญหาที่บอกคือเนื้อหามันเยอะ เวลามันไมทันถาจะทําอยางนั้นมันตองเพิ่มเวลาเวลา
อบรมตองมากกวานั้น เขาจะมีชั่วโมงวัดผล ซึง่ วัดผลทัว่ ๆไปเปนหลักการวัดผลทั่วๆไปไมได
วัดผลในเนื้อหาที่เราอบรม ไมไดวัด ไมมีโอกาสไดวด
ั เลยเราตัดสินไมได เราบอกไมได
เพียงเราสังเกตุอาการความสนใจของเขาวาเขาอยากรูอยากเห็นเขาก็ตั้งใจทําเราคิดวาเขา
จะตองไดความรูสวนนั้น แตเราไมมีโอกาสไปวัดหรือประเมินผลเขาไดเลย

The problem is there are too many contents. We don’t have time if we do
assessment in the PD. If we want to do it, we have to extend the days.
Actually, we have a session for evaluation, but it is not for assessing
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teachers. We just give general assessment knowledge to teachers. (Somsri,
Interview #1)
มันไมมีโอกาสไดคุยไมมีโอกาสพอหมดเวลาก็แยกกันไปเลยไมมีเวลาคุย เพียงแตวาเราจะรู
วากลุมไหน รุนไหนมาสนใจมาก สนใจนอย ถาเขาสนใจมากเราก็คิดวาเขาตองไดความรู
มากถารุนไหนไมคอยสนใจทําLabก็นั่งดูเฉยๆใหเพื่อนทําตัวก็นั่งดูเราก็คิดวานั่นนะไมประสบ
ความสําเร็จหรอก เราประเมินดวยความรูสึกของเราแตถา เราเห็นเขากระตือรือรนทําชวยกัน
ทํา ทําตรงไหนไมถูกเราก็แนะนําเราก็คิดวามันนาจะไดผลดีกวากลุมที่นั่งนะ แตการไป
ติดตามผลเราไมมีโอกาสรูเลยวาไดผลดีหรือไมดีแคไหน เรารูแตวาพื้นฐานความรูของครู
อยางเอกชน พวก สช. เรารูส
 ึกวาเคาจะมีพน
ื้ ฐานคอนขางดีกวากลุมกรมการปกครอง หรือ
พวกครูเทศบาล

We don’t have time to talk to teachers after the session or PD. I can only
tell the success from teachers’ performance in doing the activity. If they
do an activity actively, so it might succeed in terms of they may
understand it and use it with students. But, we don’t have a follow-up plan
to observe that whether or not they really understand and use it. But, I
believe that this group of teachers has more knowledge than the public
school teachers, so it might work. (Somsri, Interview #2)
According to knowledge of methods of assessment, Somsri did not display this
type of knowledge. She mentioned that she did not have enough time to do the
assessment of teachers’ understanding of science concepts. She indicated that if she
included assessment, then she had to reduce the number of activities for teachers, which
she did not want to do.
รูสึกทุกสาระเลยไมไดวัด คิดวาเวลาไมพอ เพราะวาจากที่ประชุมสาขาเราก็พูดอยูตลอด วา
เวลาไมพอ เวลานอยไป เพราะฉะนั้น เรื่องวัดผลนี่คงไมมีทางที่จะทําได ในชั่วโมงนอกจาก
จะเพิ่มเวลา เพราะเรื่องเพิ่มเวลาเราพูดกันตลอด แตทีนี้ทางสาขา เขาบอกวางบไมพอที่จะ
จัดหนึ่ง สองถาเพิ่มเวลาครูเขาจะทิ้งโรงเรียนมานาน ทําใหเขาเสียการสอน ปญหามันหลาย
ๆ อยาง แตถา ใหทันก็คือเราลด lab ลดการทดลองลง เราทําได แตทีนี้เราอยากใหเขาได
เยอะ ๆ

None of the PD sessions do the assessment. It is not possible under the
time restriction. If the department really wants me to do assessment, that
means I have to reduce the labs, which I don’t want to. I want teachers to
have many labs (Somsri, Interview #1).
In summary, Somsri held moderate understanding about the IPST curriculum. She
could explain the framework of content knowledge that was in the IPST curriculum.
However, similar to other professional developers, Somsri held limited PCK for PD on
understanding teachers’ learning, PD strategies, and assessment methods. Somsri did not
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know teachers’ prior knowledge, learning approaches, or misconceptions. Although
Somsri mentioned about the 5E model of instruction, she did not display how much she
knew about this teaching strategy, using only engagement activities in the PD. Somsri
believed that the 5E strategy provided opportunities for teachers to participate in handson activities and helped teachers to practice and understand the science process and
develop laboratory skills, but she did not use the entire learning cycle. In regards to her
knowledge on assessment, Somsri did not explicitly display her knowledge about what
aspects of teachers’ learning were important to assess within the chemistry concepts in
the PD. Somsri used discussion and interaction with teachers during her session as ways
to observe teachers’ understanding.
Sommit’s Implementations, Orientations, and PCK to Professional Development
PD Implementation
During the PD implementation, Sommit started his session by introducing
chemistry topics that were in the IPST Curriculum. He indicated to the teachers that he
hoped they already knew about the 5E model of instruction from the previous PD
sessions. Thus, he did not explain this teaching strategy again. The activities that Sommit
introduced to the teachers in his session were exactly the same as the activities that
Somsri provided to the teachers in another group. However, his PD strategy was
completely different from Somsri’s. Sommit believed that the PD teachers already had
good content knowledge in primary science and those activities in the IPST Curriculum
were easy for the teachers. Thus, he let the teachers decide which activities they wanted
to do, based on their interest. Sommit indicated that the teachers did not have to do the
activities that they already knew.
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อันไหนที่งาย งายคือครูเขาเคยทํามาแลวมีภาพในหนังสือเราเลาเรื่องแลวครูเขาเขาใจก็จะ
เลาใหครูเขาฟงเฉยๆ โดยที่ไมตองลงมือทํา แตถา มองดูแลววากิจกรรมนี้ยงั ไงๆครูตอง
ทดลองเพื่อใหเห็นจริงๆเพราะวาเราเลาแลวครูนึกภาพไมออกตรงนี้ตองลงมือทํา เราจะเลา
วาใสอันนีผ
้ สมอันนี้ลงไปแลวเกิดสีนี้เกิดแกซนี้ยังไงๆครูก็จินตนาการไมออก เพราะฉะนั้นครู
ิ ิจกรรมที่มันเปนกิจกรรมแตสวนใหญแลวครูตอ
 งทํากิจกรรม
ตองพยายามใหเด็กไดปฏิบต
ั ก
แทบทุกกิจกรรมเพื่อสอนเด็ก ยกเวนแตวามันงายเกินไปเราจะขาม แตบางอยางถึงแมวามัน
งายแตบางคนเขาก็ไมเคยทํา เขาก็จะทําเพราะอุปกรณเราเตรียมไวใหหมด อุปกรณเรา
เตรียมใหบนโตะหมดแตวาเราจะใหเขาทํากิจกรรมนี้ๆหรือกิจกรรมอื่นทีแ
่ ตละกลุมสนใจทําที่
มีในคูมือเราครูก็สามารถที่จะทําได

For the basic activity, which means teachers used to doing it before or
we have pictures of that activity in the resource book, I will skip or just
give details of that activity. However, if I notice that the teachers won’t
understand it only by telling them, then I will have them do the activity.
Indeed, the teachers need to do and understand every activity because
they have to allow the students to do every activity as well. But, if the
activity is too easy, I have materials for them so they can practice it if
they want. (Sommit, Interview #1)
Before the teachers started doing activities, he explained which activities he
recommended that they do and what alternative activities that each group could decide to
do. Then, he let each group of teachers explore the activities on their own. While the
teachers were doing the activities, Sommit visited each group to observe them performing
the activities. As opposed to Somsri, Sommit did not have every group of teachers do
each activity step-by-step by following the suggested instructions. Rather, he encouraged
the teachers to design their own investigations.
ถาเราปลอยใหครูเขาคิด ถาครูเขาเกิดปญหา เด็กก็จะเกิดปญหา กระตุนใหการชางคิด
ชางสังเกตไดหลุดออกมา ถาเคาไปถาม เราก็ไมตอบใหเคาไดคิดเอง เราก็ไดเห็น
พฤติกรรม ของครูทําอะไรแปลก ๆ

If we have the teachers thinking on their own, they will be able to pose
questions. We are trying to encourage them to think, and be observant.
When they ask some questions, I try not to answer those questions. I
want them to think on their own and, at the same time, I can see what
they are going to do. Hopefully, they will do it like this with their
students, too. (Sommit, Interview #1)
However, his endeavor did not seem to succeed because the teachers still followed the
activity instructions when they did the activities. During his visits with each group,
Sommit asked several questions to the teachers in order to initiate their thinking about the
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activities. However, his questions were closed and subject-centered. It appeared that
Sommit did not pay attention to the teachers’ responses to his questions. He did not
revisit the groups to observe how his questions influenced the teachers to action. Sommit
rarely responded to teachers’ questions, but informed teachers that they needed to check
those out when they left the PD. Unlike Somsri, Sommit did not seriously explain science
concepts to the teachers, because he indicated that the knowledge of those concepts was
already in the PD manual. Thus, the teachers should go back and read it.
ครูก็ไมรูนะเขาทําแลวอธิบายก็ไมได ตองไปคนตองไปถามผูรูอีกทีหนึ่ง เพราะวาบาง
คําตอบเราไมสามารถตอบเด็กไดในชั่วโมงนัน
้ หรือบางทีเราอาจจะไมรูก็ไดบางอยางอาจ
เปนเรื่องใหมสาํ หรับครู เราก็ตอ
 งลองแลวไปคนซึ่งมันมีคําตอบอยูแลว

I know the teachers were not able to explain about the activities. They
need to find those explanations by themselves. It is like in the classroom.
Sometimes when the students have questions, we can’t answer all of the
questions. Sometimes, it is new to the teacher, too. So, they need to try
out the activity and find the explanation later, which, of course, they can
find it somewhere. (Sommit, Interview #2)
Similar to other professional developers in the PD, Sommit took a major role as a
lecturer. However, his lecture consisted mostly about his experiences with previous PD
projects with teachers or informing the teachers of general knowledge or things that they
should be aware in doing each activity, rather than focusing on providing scientific
knowledge. Unlike Somsri, Sommit only provided brief conclusions after the teachers
finished the activities. He did not explain specific science knowledge, but only reviewed
general knowledge or techniques that the teachers needed to know. During the PD
implementation, Sommit mentioned that sometimes the students already knew the
concepts that they were going to study. Thus, the teachers need to check the students’
understanding of a topic before the instruction. He instructed them that if the students
were familiar with the concept, the teachers could either abandon that concept or expand
the concept in more depth. It was interesting that when Sommit was teaching his session,
164

he always mentioned to the participants about TV programs that used scientific
knowledge to solve particular problems. He suggested that teachers videotape those
programs to use in their science classrooms. The teachers could use those tapes either
before the instruction to engage students in the science lesson or after the instruction to
check students’ understanding of the concept. Sommit indicated in the interview that the
teachers should watch these programs because they can answer the students’ questions
when asked.
กอนที่จะทํากิจกรรมแตละกิจกรรมเรานาจะมีกจ
ิ กรรมที่เปนกิจกรรมสรางความสนใจมันเปน
แบบโชวๆ ตั้งคําถามแบบทาทายใหคิดที่จะตอบคําถามนี้ไดตองอาศัยเรื่องที่เรียนนีม
้ าตอบ
เหมือนกับเกม Mega Clever สรางปญหาแบบนั้นหลายๆปญหา ยังตอบไมไดคิดไวกอน
แลวทํากิจกรรมถามีประเด็นอยางนี้ครูเขานาจะสนใจ ถาเปนครูอาจจะตอบไดแตถาเปนเด็ก
อาจจะตอบไมไดตองเรียนกอนจึงจะตอบไดอาจจะมีตัวอยางใหดูเปนตุกตาสัก2-3 ตัวอยาง

Before doing the activity, I will provide a show for them and ask them
questions in order to make them think. Like a TV program called Mega
Clever, it uses problem-solving techniques by introducing many scenarios
or circumstances for people to find ways to solve problems. I think this
kind of activity might be interesting to teachers, which they might use
with their students as well. I will provide 2-3 examples for them. (Sommit,
Interview #1)
However, when Sommit implemented the PD, it appeared that although he showed an
activity that he called “science show activity,” he did not focus the teachers as he stated
during the interview. For example, the science show activity that Sommit demonstrated to
teachers was called a magic cup. Sommit started this show by pouring water into one of
three plastic cups. Then, he rotated those cups quickly and asked teachers what cup had
water in it. He did the same pattern for three times and then turned each cup down.
Teachers were very surprised when they found that water had disappeared. Sommit asked
teachers where the water was. Teachers said that there might be something in the cup that
could absorb water. Sommit responded to this by telling teachers what material he put in
the cup. Sommit also named other materials that could absorb water. However, Sommit
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seemed to miss his goal of stressing to teachers see the purpose and importance of the
engagement activity to students’ learning. In other words, instead of helping teachers
connect this experience to classroom teaching, Sommit only told teachers that they could
use this activity with their students and then he walked teachers through other activities in
the manual.
Orientation
Figure 14 represents my analysis of Sommit’s orientation to PD. I found that,
during the interviews and PD implementation, Sommit’s orientation to PD consisted of
two central goals and three peripheral goals. Sommit’s central goals were quite similar to
Somsri in that they pertain to the following: 1) to introduce scientific activities in the
IPST Curriculum that were aligned with the reformed National Science Standards, and 2)
to develop PD participants’ laboratory skills necessary to make the activities work.
เปาหมายจริง ๆ แลวเราตองการใหครูที่มาเขารับการอบรมไดเขาใจกระบวนการเรียนการ
สอนวิทยาศาสตรและไดรูเนื้อหาของวิทยาศาตรดวย คือตองรูทั้งเทคนิคการสอนและรู
เนื้อหาคือ Concept หลัก ๆ อีกอันหนึ่งก็เรื่องการวัดผลประเมินผลรูถึงการใชสื่อ ดานการ
สอนลักษณะของรูปแบบการสอนนี่เราจะใหสว นที่เปนตัวอยางการสอนใหในคูมือเรามีวิธีการ
เขียนแผนการสอนที่เปนแบบ 5E หรือเปน Inquiry เปนตัวอยางใหครูเขาเวลาสอนจริงเราก็
แนะนําเปนสวนๆ ไป

My goals are to help teachers to understand the teaching and learning
process, content knowledge, concepts, teaching techniques, assessment
strategies. We provide examples of the 5E model of instruction or inquiry
as well. (Sommit, Interview #1)
Sommit believed that his job is to expose teachers to the information and make them
aware of that information. His job was also to help teacher improve their laboratory skills
and understand the purpose and importance of the activities through performing hands-on
activities.
เราอยากจะใหเปนเทคนิคปฏิบต
ั ิมากกวา เพราะเขาใจวา ครูกลุมนี้ถาสอนถาเปดตําราสอน
เขาก็สอนไปตามตําราโดยที่ไมเขาใจหรือความซาบซึ้งในการทํากิจกรรม เขาอาจจะไมรูวา
ทําไปทําไม มีประโยชนอะไร ทําแบบนั้นแลวเด็กเกิดความคิดอะไรบางทีนี้เราเนนทํา
กิจกรรม เพื่อใหครูเขาเห็นวาการทํากิจกรรมตัวครูเอง ก็ยังตื่นเตน ยังมีความรูสึกวามัน
นาสนใจนะ มันมีคําถามเกิดขึ้นมากมายที่ไมนา เกิดอยาง
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I want to improve their techniques because most of teachers follow the
textbook or activity book without appreciation of the activities. They don’t
know the purpose and learning goals of the activities. What students will
achieve when they do those activities. I want them to realize how excited
they are when they are engaged in the activities. (Sommit, Interview #2)
Sommit demonstrated that improving content knowledge in chemistry was not his
primary goal for this PD. He indicated that:
ที่ไมใหความรูส
 วนใหญในเอกสารของเรามีเอกสารที่ อ.นัทสรวง ทําไวมันมีเนื้อหาอยูแลว
เพราะฉะนั้นคิดวาครูเขานาจะไปอานเองได ที่เราพยายามทําคือใหครูเคาเกิดปญหา

I don’t give explanation about knowledge to teachers because it already is
in the manual. Teachers can read that explanation from there. What I want
them to have is seeing the problems. (Sommit, Interview #2)
Sommit indicated that Somsri and he already provided all necessary knowledge for
teachers in the PD handbook. Hence, they could read this knowledge anytime after PD.
Sommit gave an example of one activity in the PD that introduced the concept that a gas
can change its shape base don its container. According to this activity, teachers had to tie
one end of a plastic tube to a balloon containing air and tie another end to a rubber glove.
Teachers had to observe what happened after they released air in balloon through the
tube.
ยกตัวอยางกิจกรรมลูกโปง มีบางกลุมก็พยายามบีบ ๆ จนจากลูกโปงเขาไปในถุงมือยางจน
ถุงมือยางพอง ปญหามันก็จะเกิด เวลาบีบกลับมาทําไมมันบีบกลับมาไมไดที่จริงมันมี
หลักการทางฟสิกสอธิบายเรื่องนี้อยู แตวาเราไมสอนเรื่องนั้น แสดงวาเรื่องนีเ้ ปนสิ่งที่ละเลย
ถาเขาไปทํากับเด็ก ถาเปนเด็กเกง ๆ ที่ชอบเลนเด็กจะบีบแลวก็เกิดคําถามตามมาทีนี้เด็กก็
อยากจะรู ครูกอ
็ ยากรู ก็ตองไปคนหาหรือถามผูรู ถาเราไปสอนครูเขาอาจจะไมเขาใจวาบีบ
ไปแลวมันเคลือ
่ นที่จากที่มันมี pressure มากไปที่ pressure นอยจากมากไปหานอย แต
ทําไมพอไปอยูอ
 ีกฝงหนึ่งแลว pressure มันมากกวา ปริมาณมวลของอากาศนอยกวาทําไม
มันไมยอมเขามาในลูกโปง แลวคราวนี้มันมีเรือ
่ งสภาพยืดหยุน
 ของลูกโปงเขามาเกี่ยวของ
่ ีปญหาเหลานี้ สวนใหญก็ไม
ซึ่งตรงนี้เราไมไดอธิบาย ครูเขาเกิดปญหาอีกหลายกลุม ทีม
เคยเจอปญหานี้บางครั้งก็มาเจอ ถาเราปลอยใหครูเขาคิด ถาครูเขาเกิดปญหา เด็กก็จะเกิด
ปญหา กระตุนใหมีมโนกรรมทีอ
่ ยูในเด็กใหชางคิด ชางสังเกตไดหลุดออกมาถาเราไปถาม
เด็ก ๆ เขาก็ไมตอบ เราก็เห็นพฤติกรรม ของครูทําอะไรแปลก ๆ ครูก็ไมรูนะเขาทําแลว
อธิบายก็ไมได ตองไปคนตองไปถามผูร ูอีกทีหนึ่ง เพราะวาบางคําตอบเราไมสามารถตอบ
เด็กไดในชั่วโมงนั้น หรือบางทีเราอาจจะไมรูก็ไดบางอยางอาจเปนเรื่องใหมสําหรับครู เราก็
ตองลองแลวไปคนซึ่งมันมีคําตอบอยูแลว

For example in the balloon activity, some groups tried to squeeze the
balloon to move air inside it into the rubber glove. But, they found that
they couldn’t do it. Teachers didn’t know why they couldn’t. So, they
have curiosity and want to know the answer. But, they have to find the
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answers on their own. If I teach them, they won’t understand it because
there are many concepts to explain about this phenomenon. Teachers
won’t understand about pressure or elasticity of the balloon. I encourage
them to do this activity because I want teachers to have curiosity and think
about it. Then, they will do the same thing with their students. However,
they have to find the answers on their own by asking expert or reading
from the textbook. I cannot answer all the questions. (Sommit, Interview
#2)
The excerpt above reveals that Sommit saw himself as having a role in initiating teachers’
curiosity, while the teachers had to take responsibility in finding the correct answers
themselves. He wanted the teachers to get excited with the activities and focused less on
teachers’ understanding of the scientific concepts beyond the activity.
ใชอยากจะใหเคาสงสัย เพียงแตวาขั้นตอนในการจะหาขอมูล เราแนะนําไปบาง เชนเขาไป
ใน internet หรือถามผูรห
ู รือถามมาทาง สสวท.ก็ได

Yes, I want them to have curiosity. I may provide some information to
them, but if they really want the answer they might find it from the
internet, expert, or IPST staff (Sommit, Interview #2).
However, during the explanation phase, Sommit provided general knowledge, such as the
connection of the concept that was taught to everyday experience rather than helping
teachers develop understanding about that particular concept. For example, after teachers
finished activities on chemical changes, Sommit provided knowledge about advantages
and disadvantages of chemical changes rather than conceptual understanding on this
topic.
ที่สาํ คัญเราอยากใหเคารูว าปฏิกิริยาเคมีมันมีทั้งขอดีและขอเสียเวลาเราสอนเราจะ
ยกตัวอยางปฏิกิริยาเคมีใหทั้งขอดีและขอเสียโยงไปถึงชีวิตประจําวันใหเขาเห็นผลกระทบ

I want them to recognize pros and cons of chemical reactions. So I will
provide information about the pros and cons and also link to their real-life
experience. (Sommit, Interview #1)
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In addition to reviewing activities in the IPST Curriculum, Sommit also compared
the activities in previous and current IPST Curricula in terms of their advantages and
convenience.
เปรียบเทียบกับสิ่งทีส
่ อนดูแลวพิจารณาวาสองอัน อันใหมที่เรานําเสนอใหกบ
ั วิธีเดิมที่เคา
เคยสอนมาดูวาสองอันนี้ อันไหนมันดีกวากันแลวใหเขาพิจารณา แลวเอาไปเลือกใช นั่นคือ
เราเสนอทางเลือกใหเขาซึ่งอาจจะบอกแบบเดิมดี เขาเลือกแบบเดิมก็ไมเปนไร แตถา เขา
ทําแบบเราเขาก็จะมีขอดีคือประหยัดเวลาประหยัดสารเคมี

I compare activities in previous and new curriculum to teachers, how the
new one is better than the previous one. However, they have to make their
own decision what activity they are going to use. It doesn’t matter if they
use the old one, but it is better if they use the new one because it saves
time and chemicals (Sommit, Interview #2).
คาดหวังวากลับไปแลว เขาคงจะทบทวนนะ หลักสูตรที่เราเสนอใหเขาเปนหลักสูตรตาม
พรบ.ใหมที่โรงเรียนหรือครูทุกคนจะตองสอนกิจกรรมลักษณะนี้ เพื่อใหตรงตามมาตรฐาน
ลักษณะของกิจกรรมอาจจะแตกตางก็แลวแต เพราะวาตัวอยางที่เราเสนอใหมันเปนเพียง
ตัวอยางเพื่อใหได concept ตามมาตรฐานก็เทานั้นเอง แตไมไดหมายความวาทุกคนตอง
ทํากิจกรรมตามเราแบบนี้ อยางเรื่องการนําความรอน บางคนก็ใชวิธีเดิมก็ไมเปนไร แตเรา
เสนอวิธีงาย ๆ

I anticipate that teachers will recall what they learned form us. Our
curriculum is aligned with the Standards that they have to teach at school.
We try to use activities that introduce the concepts that are required in the
Standards. We give them a choice, but we cannot do anything if they don’t
use it. (Sommit, Interview #2)
Sommit provided current IPST activities to teachers and made comparisons between the
previous and the current curricula because he wanted teachers to have more choices in
selecting activities for students. However, the purposes in giving activities were related to
teachers’ convenience in preparing materials, time, and other factors rather than the
relation to student learning.
In order to help teachers to develop laboratory skills, Sommit visited each group
of teachers to observe their skills during the activity. Sommit warned the teachers when
they did not demonstrate good scientific laboratory skills or when the teachers used too
many chemicals in an experiment. He also suggested the teachers use alternative ways in
doing the activity.
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Sommit’s peripheral goals were to (1) develop knowledge and techniques
necessary for teaching to teachers, (2) promote classroom implementation of PD
activities, and (3) promote students’ positive attitude toward science. Sommit indicated
that he did not have time to provide content knowledge to teachers during the PD, but the
knowledge that was necessary for teaching was already in the PD handbook. Thus,
teachers would increase their knowledge if they read the PD handbook after they left the
PD.
To meet his goal on promoting students’ positive attitude toward science, Sommit
provided the participants with a CD that had animation games. He indicated to the
teachers that they should encourage students to link their knowledge in the science
classroom to their everyday experiences. He believed that when the students saw the
connection of science knowledge to their lives, students would have a more positive
attitude toward science.
Table 10 showed the arrangement and reflection on the cards sort scenarios that
Sommit selected as most representative of his PD teaching. Sommit indicated that
scenarios 8 and 9 closely represented his PD strategies for this PD. Sommit indicated that
he used these strategies in the PD. Sommit’ reflections on these two scenarios were also
supported with interview data.
บางกิจกรรมใหเขาทําใหเขาไดลงมือปฏิบต
ั ิแลวใหเขาไดขอสรุปจากการปฏิบัติจริง ๆ เราจะ
ไมสอนวาอันนี้ Concept วาไง จะไมเปนแบบบรรยาย ใหเขาทําใหเขารูตรงนั้นแลวคอยทํา
กิจกรรม เสร็จแลวคอยสรุปวาตรงนี้มี Concept อะไร ขอควรระวังมีอะไรบางหรือวาถาไปทํา
การเรียนการสอนทํามาถึงขั้นนี้เกิดผลอยางนี้แลวครูนาจะทําอยางไร ครูนาจะถามอะไรกับ
เด็กเพื่อกระตุนใหเด็กเกิดความรูข้น
ึ มา

I won’t explain or give knowledge about the concept to them right way. I
will have teachers to do the activity and then I will tell them the concepts,
awareness of safety, questions that they should ask students to encourage
their interest. (Sommit, Interview #1)
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เราก็ตองใหเขารูมาตรฐานวิทยาศาสตรของประถมมีอะไรบางแลวเราก็ใหความรูหรือให
ตัวอยางกิจกรรมใบบันทึกกิจกรรม

I will provide a framework of chemistry concepts shown in the Standards,
such as what chemistry knowledge primary students need to learn. I will
provide an example activity and its worksheet to teachers. (Sommit,
Interview #2)
Although Sommit placed scenario 9 in a group that represented his teaching strategies, he
determined that he did not want to model science teaching. Sommit believed that the
teachers did not need to follow his way of teaching. Instead, the teachers had their own
teaching styles. They only needed to adjust what they learned in the PD to their own
teaching style.
เราไมไดอยากใหเคามาตามแบบเรา เคาไมตอ
 งมาสอนเหมือนเรา ครูเคามีเทคนิค มีวิธีสอน
๋ วเคากลับไป
ของเคาเอง เพียงแตเราให ideas เคา ใหเคาไดทํากิจกรรม ไดฝกทักษะ เดีย
เคาก็เอาไปสอนตามแนวทางของเคาเอง

I don’t want them to copy my teaching, it isn’t necessary. Teachers have
their own way of teaching. So, I will only help them to develop ideas,
activities, skills, teaching skills and then they will modify to their own
teaching. (Sommit, Interview #1)
However, Sommit put scenario 9 in the “like me” group because the team’s purpose of
this PD was to help the teachers understand the activities in the IPST Curriculum. He
mentioned that if it was possible, he would like to use a problem-based strategy or other
strategies in the next PD.
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Table 10
Sommit’s Arrangement and Interpretation of the Card-Sort Scenarios
Items
8

Scenarios
You, as a professional developer, design a
PD lesson on dissolution by encouraging
teachers to do activities that their students
would do. At the end of session, you assign
teachers to discuss within their group, then
as a whole about what they learn about
dissolution and about teaching this unit.
(reflective)

Sommit’s Interpretations
“This is what I do in the PD. Teachers need to do
the same activities that they have to teach
students. Then, I encourage them to discuss about
their results. I may have them compare their
results to other groups. Then, I provide more
information about the activity, such as its
application.” (activity-driven)

9

You, as a professional developer, begin a
unit on sound by introducing curriculum,
explaining materials, allowing teachers
doing activities, and you explaining the
concepts at the end of activities. (didactic)

“Introducing curriculum to teachers to help them
have a big picture about the curriculum, such as
what’s in there. For this PD, I do everything
similar to this scenario because I want teachers to
know curriculum, be able to do activities, and use
with students. However, I may change strategy in
the next PD.” (didactic)

15

As a professional developer, you begin a
unit of heat conduction by engaging in
activities that you hope the teachers will use
with their students. You demonstrate
teachers to use whiteboarding and
cooperative learning in teaching those
activities. (pedagogy-driven)

“I introduced the heat conduction kit, then
encouraged them to guess which material best
conducts heat. Then, teachers explored on that kit
and did the activity and compared their results to
other groups. I encouraged them to find reasons
in case their results deviated from other groups.
We used whiteboard to present the findings
because I saw this example when I visited the US
and then I brought this idea to teachers.”
(activity-driven)

14

You, as a professional developer, set up a
variety of materials at a back of room for
teachers to investigate about sound has
different properties such as pitch, volume,
and timbre. (inquiry)

“This scenario represents what I like to do. I
want teachers to explore the activities based on
their interest. I provide the overview of each
activity at the beginning and tell teachers that I
prepared materials for them at the back of room.
So, they can decide what activities they want to
do. They don’t have to do the activity that they
already know.” (activity-driven)

12

Teachers have just completed a simple
circuit with multiple bulbs. For the next unit
on electricity, you ask the teachers to make
the bulbs light using a combination of wire,
bulbs, and switch. (guided inquiry)

“We can have teachers do the activity before, like
trial and error things. Then, we explain to them
later about function of each material.” (activitydriven)

Sommit also mentioned that he asked teachers questions when they were doing
activities in order to help teachers develop their creativity by guiding them to solve some
other problems that were not included in the activity manual.
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มันไมมีในกิจกรรม พอเราโยนคําถามใหครูเขาเกิดความคิดสรางสรรคหาวิธท
ี ี่จะเอาแกสใน
ลูกโปงมาทดสอบกับน้ําปูนใส มันก็ไดหลายแบบตรงนี้ก็เปนการฝกใหเขารูจักสรางกิจกรรม
ขึ้นเอง ไมตองทําตาม Direction ของเราที่เขาไมรู คือเขาอาจจะมีความคิดทํากิจกรรม
ตรงนั้น เราเพียงแตตั้งคําถามและใหเขาหาวิธีการเทานั้นเอง จะทําประจําในระหวางทีส
่ อน

It doesn’t have it in the activity worksheet, but I want them to have
creativity so I throw questions for them to solve problems. They don’t
have to follow direction. I will usually do this technique when I deliver
PD. (Sommit, Interview #1)
He expected teachers to develop curiosity and then find out the information later. In
addition to developing teachers’ creativity, he also wanted teachers to recognize how
curiosity led them to want to learn science. He anticipated that teachers would bring this
feeling back to school and use it with students in order to develop students’ thinking
skills. However, his endeavor about increasing teachers’ creativity did not show any
relation to the development of knowledge. Sommit stated that the time restriction of the
PD session did not allow him to provide explanations or answers to his questions.
In addition to the time restriction, Sommit explained that he did not provide
content knowledge on heat conduction to teachers because he believed that teachers
already understood this concept. Thus, he decided to provide its application instead of the
body of content knowledge.
การนําความรอน เรื่องชอนโยงมาถึงวาของใชในบานทําไมมันมีสวนที่เปนฉนวน สวนนั้นก็
ไมอภิปราย แตคิดวามันมีในเนือ
้ หาอยูแลวมีในเอกสารอยูแลว ถึงแมเราไมไดอภิปราย คิด
เองนะ โดย sense ของครูหรือของผูใหญมันก็ตองรูวาอันนี้มป
ี ระโยชนอะไร คิดวามันมีใน
เนื้อหาอยูแลวก็ไมไดอภิปราย ถาเราไปอภิปรายอีกมันก็จะทําใหเสียเวลา concept นั้นครูก็รู
แลว ก็เลยขามไปคิดวาครูนาจะรู นาจะพออธิบายได

To teach the heat conduction topic, I will help them make connection with
what products have heat insulator and conductor properties that we
commonly use in a household. But, I don’t explain about the content. I
think they already know it because they are teachers, or adults might know
it also. So, I won’t spend time to repeat this knowledge again, but I skip
this explanation part because I think teachers should know. In addition, we
already explain it in the activity manual. (Sommit, Card Sort Activity)
As indicated in Table 8, the strategies in scenario 14 were ones that Sommit
would like to do. After he introduced the IPST Curriculum and its framework, the
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teachers were provided with materials for each activity. He wanted the teachers to predict
the results before doing the activities. His reflection on this scenario confirmed his belief
about the role of the professional developer when he explained that he would observe the
teachers doing their activities and post critical questions to the teachers when necessary.
If some groups of teachers did not have the same results as other groups, he would not
answer their questions. Instead, he would encourage them to try the activity again.
อันนี้ที่อยากทํา คือใครสนใจกิจกรรมไหนก็ทาํ เราอธิบายภาพรวมกอนจากนั้นเราก็บอกครู
วาอุปกรณตั้งไวดานหลังหอง ใครสนใจจะทดลองกิจกรรมไหนก็ลองทําดู เพราะครูบางคน
เคารูแลววาอากาศมีมวลเคาก็ไมตองทํากิจกรรมชั่งมวลอากาศ แลวเราก็ไมตองเตรียม
เครื่องชั่งใหทุกกลุมดวย กลุม
 ไหนไมรูก็ไปทําตรงอุปกรณที่เรา set ไวให อยางเรื่องการ
นําความรอนเราก็แนะนําการใชอุปกรณกอนจากนั้นใหครูเคาเดาวาอันไหนนาจะนําความ
รอนไดดีกวากัน พอเคาทดลองแลวก็ใหเคาเปรียบเทียบกับกลุมอื่นถาผลออกมาไม
เหมือนกัน เราก็จะใหเคาลองคิดดูวาเปนเพราะอะไร ถามเคาวาลองทําดูใหมดีมั้ย

I want to have the teachers do activities that they really want to do. After
explaining the framework of the National Curriculum, the teachers might
explore the activities based on their interests. We will set all materials
out for them, but we don’t need to prepare all materials for every group.
Just set the materials for each activity at the back of the room. When they
finish the activity, they should have time to share their results with other
groups. If their results do not match with other groups, I would
encourage them to think and redo the activity again. (Sommit, Card Sort
Activity)
เราอาจจะพูดภาพรวมทั้งหมด พอถึงเวลาก็เปนกิจกรรม ปลอยแบบผึ้งแตกเลยใครอยากทํา
กิจกรรมอะไรทําเลย กลุมเดียวก็มี 3-4 lab มันก็ดีอยางเสียอยาง คือเราจะควบคุมชั้นเรียน
ไมคอยได ครูเขาจะหลากหลายเดินเพนพาน เต็มไปหมด แตถาเราเอาทีละกิจกรรม มันก็ดี
อยางคือสรุปเปนเรื่อง ๆ แตแบบนั้นใชเวลามากก็ตองดูครูกอน ถาเขารับไดเร็วพื้นเขาดี เรา
ก็คงพูดภาพรวมแลวแบงไหเขาทําเลย อันไหนที่เขารูแลวกิจกรรมนั้น เขาไมตองทํา
กิจกรรมไหนที่เขาสนใจ เขาก็ไปทําซึ่งเรามีอุปกรณใหหมด สมมติเรามี 10-20 กิจกรรม
กิจกรรมไหนที่เคารูแลวเคาก็ไมตองทําแลว บางกิจกรรมเคาสนใจเคาก็ตองทําดู แลว
วิทยากรเดินตามกลุมอธิบายเปนกลุม ๆ

I will provide an overview of activities then I will allow them to do
activities freely. The Pro is teachers will do the activities that they really
want to do. In this case, we have 10-20 activities, they don’t have to do all
but decide which ones they want to do. The Con is we cannot provide
knowledge of each activity to them. (Sommit, Interview #1)
Sommit believed that PD should provide activities and knowledge as much as
possible. He explained that “it was like they were hungry, so it is our job to give them
food. We [the professional developers] have to give them enough food to help them
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survive. Then, it was their job to digest the food we give them.” Sommit explained that
this analogy, in his opinion, represented the nature of PD, professional developers, and
teachers. The teachers needed knowledge and information about teaching and learning
science. The professional developers had a role in helping them to address their needs.
After the PD, the teachers need to recall what they learned from PD and construct their
own knowledge based on what they learned from the PD.
สิ่งที่เราใหครูไปนี้มันเหมือนเราใหเขากินขาวมีเทาไหรอด
ั ๆใหเขาครบกินอยางเดียวเลยหิว
ไงมาถึงก็ตักใสปากแลวเหมือนกับควายกลับไปแลวคอยไปเคี้ยวเอื้อง ขะยอกออกมายอย

It’s like they are hungry so we have to put food in their mouths as much as
possible. Then, similar to cows, they will put food back into their mouths
from their stomach and chew it again (Sommit, Interview #2).
In summary, Sommit seemed to exhibit activity-driven and didactic orientations.
However, these orientations were blurry, which led to his confused teaching during the
PD implementation. He believed that during the PD, the professional developers should
encourage teachers to think on their own. He did not want the teachers to follow his
instructions or the activity instructions in the resource book. He was aware that this
transformation might not occur immediately during the PD implementation. The teachers
needed time after PD to construct their own knowledge of teaching and learning science.
Sommit wanted the teachers to adjust all the knowledge and information they learned
from the PD to their own teaching style. According to his orientations, Sommit
introduced many activities and general knowledge for doing the activities. He rarely
explained the scientific concepts because he believed that the teachers were able to find
those facts in the PD manual or other resources. In addition, he liked to challenge the
teachers into engaging in critical thinking. However, he did not follow up with the
teachers to see if they were meeting his expectations. For example, Sommit threw
questions to teachers without waiting for responses or other follow-up plans in order to
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help teachers develop critical thinking skills. In regards to his goal in developing
appreciation and thoughtfulness of teachers from doing activities, Sommit only let
teachers to do the recommended activities and other activities that teachers were
interested to do. However, he did not demonstrate other techniques to ensure how his
goals could be met. Although Sommit adopted many strategies during the PD, he used
them superficially. This led to the questions of to what degree the PD teachers would
meet his goals.
PCK for PD
Knowledge of teachers’ understanding of science. Similar to many professional
developers, Sommit indicated that most of the private school teachers graduated in
science education, in which they took many science courses. Thus, Sommit believed that
the PD participants were already had good content knowledge in science.
สวนใหญคด
ิ วานาจะตรงแผนมากกวาครูทั่วไป เพราะครูเอกชนเขาสามารถทีจ
่ ะ เชน ถาเขา
ตองการครูวท
ิ ยาศาสตรเขาก็จะรับครูวท
ิ ยาศาสตรเขามา หรือถาเคาตองการครูคณิตศาสตร
เคาก็เปดรับครูคณิตศาสตรขึ้นมา แตกรณีที่ครูเกามาแลวเขาไมมีครูเขาก็เอาครูที่เคยสอน
อยูเอาไปหมุนเรียนกันสอนแทนซึ่งตัวนี้ก็จะเปนปญหาเหมือนของรัฐบาล แตราชการที่มี
ี วนหนึ่งจะตรงวุฒิ บางครั้ง
ปญหาที่ครูไมจบตรงวุฒิท่เี ราตองอบรมใหเขา แตครู สช. ก็มส
อาจจะวุฒิจบปริญญาโท หรือ ปริญญาเอกทางดานวิทยาศาสตรเคยมีมาเหมือนกัน

I think these PD teachers should have science education background when
compared to the public school teachers. Some teachers graduated with
master degree. I used to see some teachers with a Ph.D. also. (Sommit,
Interview #1)
Sommit’s belief about teachers’ knowledge background led him to the decision to ignore
providing content knowledge to teachers. Hence, Sommit emphasized developing
teachers’ laboratory skills because he believed that most teachers did not have correct
laboratory skills when they studied at schools or college.
วัตถุประสงคของการอบรมครั้งนี้ในการเลือกกิจกรรมแตละกิจกรรมเพื่อหนึ่งมุง เนนใหครู
พัฒนาทักษะในการทํากิจกรรมวิทยาศาสตร มุงเนนทักษะการใชเครื่องมืออุปกรณและดาน
ความรูค
 รูสามารถไปเสริมไดเอกสารที่ใหไปอยูในคูมือ พยายามใหครูไดทาํ Lab ใหมาก
ที่สด
ุ ใหครูมีความมั่นใจเพราะวาครูบางคนไมเคยทํา lab เลย หลอดทดลองไมเคยจับ
สารเคมีไมรู รูแ
 ควาผสมกันแลวเปลี่ยนสีแตวา ไมเคยทํา lab เลยสมัยเขาเรียนเขาก็ไมเคย
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ทํา lab บางคนก็ไมไดจบดานวิทยาศาสตร ทีจ
่ บสมัยกอนก็ไมไดทํา แตพอมาทํา lab บางที
เขาก็ไมมีความมั่นใจ ครั้งนี้เราคิดวาใหเขาทํา lab แลวเขามีความมั่นใจมันไมยากเกินไป
อยางทีค
่ ิดไมอน
ั ตรายอยางที่เขาใจเขานาจะกลาที่จะเอาไปเลนกับเด็กที่ผา นมาเขาไมกลา
เพราะวาหนึ่งเขาไมรูจะหาสื่อทีไ
่ หน สองเขาไมมีความมั่นใจในการทํากิจกรรม สวนประเด็น
ิ วาของตัวเองไมยาก
เนื้อหาจริงๆแลวของเคมีมันไมยากเกินไปนัก คิดไปเองนะ ฟสิกสก็คด
เคมีก็วาไมยาก อาจจะยากสําหรับครูก็ไดเราไมรูแตวา สิ่งที่มใี นเอกสารครูเขานาจะอานและ
สรุปตรงนั้นไดแตวาอยากใหทําคือใหเขาลงมือปฏิบัติใหมากที่สด
ุ

I select the activity that help teacher practice the laboratory skills and
other skills that are necessary in learning science. I want teachers to do as
many labs as possible because they didn’t have adequate experience when
they were at school or college. So, they don’t have confidence in having
students do labs. I think the chemistry concepts at primary level are not
difficult. They shouldn’t have problems. Rather, I want them to improve
their lab skills. (Sommit, Interview #2)
Sommit displayed his knowledge about teachers’ learning difficulties for concepts
of chemical change and heat conduction. According to the chemical change concept,
Sommit indicated that teachers generally did not know when the chemical reaction
occurred, which led to their ineffective use of chemicals during the activities.
นาจะเรื่องของการเกิดปฏิกิรย
ิ าเคมีวาตัวไหนที่เปนตัวบอกวาตัวไหนปฏิกิรย
ิ าตัวไหนไม
เกิดปฏิกิริยาเคมี แลวจะเอาเกณฑอะไรมาวัดบางอยางเราบอกวาใชสารนิดเดียว เขาไม
มั่นใจเวลาทดลองครูเขาจะใชสารไปเยอะ ที่เรารูเราใชสารนิดเดียวมันก็เกิด แตครูเขาใส
สารไปเยอะทําใหสิ้นเปลือง มันยังมาถึงเรื่องของสิ่งแวดลอม ความสิ้นเปลืองทางดานวัสดุ
ในการเรียนการสอน

Teachers don’t have evidence in doing labs. They don’t know how much
chemical they should put into a reaction. So, they like to use excessive
amounts of chemical to have the reaction occur, which is not good for the
environment and wastes the chemical. (Sommit, Interview #1)
When asked about teacher learning difficulties on the heat conduction concept, Sommit
indicated that he did not think teachers find this concept difficult to learn because
teachers did not to learn on a molecular level in that heat is transferred from one molecule
to another molecule.
ไมแนใจถึงไหนเพราะสวนใหญเรื่องการนําความรอนที่เราสอนมามันไมคอยมีปญหา มันเนน
ในมาตรฐานนําความรอนไดแตกตางกันแคนน
ั้ แตวาวิธีการนําความรอนถายทอดพลังงาน
ผานโมเลกุลหนึ่งสูโมเลกุลยังไปไมถึง สวนมากเราจะใชแทงโลหะที่ขนาดใกลเคียงกันมา
ทดสอบการนําความรอน

I never have problems with the heat conduction concept because we only
focus on the rate of conducting. We don’t go to the concept about
molecule yet. (Sommit, Interview #1)
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Sommit also exhibited his knowledge about teachers’ misconceptions on some
scientific concepts.
เคยทดลองดูแลวถามครูบอยๆ คือครูเคาเขาใจผิดตรงนี้ คือวาเวลาเราเอาเกลือใสลงใน
น้ําแข็งทําใหนา้ํ แข็งละลายเร็วขึ้นหรือหลอมเหลวเร็วขึ้นหรือชาลง สวนใหญครูจะบอกวาถา
เอาเกลือใสในน้ําแข็งน้ําแข็งหลอมเหลวชาลง มันก็ตองเร็วขึ้น อุณหภูมิตา่ํ ลงมันเปนสมบัติ
ของสารละลายอุณหภูมิจุดเยือกแข็งต่ําลงจุดเดือดจะสูงขึ้นครูบางคนเขาไมไดเรียนตรงนี้แต
เขามี Concept วามันจะต่ําลง เพราะเขาไปเห็นถังหวานเย็น เมื่อถังหวานเย็นมันมีน้ําแข็ง
แลวใสเกลือลงไปมันทําไอศกรีมได แสดงวาน้ําแข็งมันจะหลอมเหลวชาทีจ
่ ริงมันยิ่ง
หลอมเหลวเร็วขึ้น ซึ่งเด็กบางคนเขาก็ misconcept ดานนีอ
้ ยู แตเด็กบางคนที่มีโอกาส
เห็นกิจกรรมของฝรั่ง ที่เวลาหิมะตกเขาเอาเกลือมาโรยเขาได Concept ตรงนั้น ตรงนี้เราก็
จะชีย
้ กตัวอยาง เราอบรมทุกครั้งจะยกตัวอยางใหครูเขาเห็นทุกครั้งตัวนี้บางทีเด็กก็เขาใจ
ผิด ถามครูหลายคนเขาจะตองบอกวาชาลงเพราะวาครูยึดติด Concept

Teachers have the misconception that when I ask putting salt in ice it
causes the ice to melt slower or faster. They will say slower because they
know the temperature will be lower. They don’t know because they didn’t
learn it before so they cannot explain even though they see this
phenomenon when they make ice cream. But, if we ask students in a
country that has snow, they could be able to answer this because they see
it. (Sommit, Interview #1)
อีกเรื่องของการชั่งวัตถุในน้ํา ถาชั่งทั้งระบบเอากอนหินกอนหนึ่งวางไวบนเครื่องชั่งแลวมี
Beaker แลวมีน้ําแตไมไดอยูด
 วยกันเสร็จแลวก็เอาไปชั่งแลวพอเปลี่ยนใหมเอากอนหินใส
ใน Beaker ใสน้ําแลวเอาไปชัง่ ดูถามวามวลมันเปลี่ยนไหม ครูเขาบอกวามันจะเบาลง
เพราะครูเขาติด Concept วาชั่งวัตถุในน้ําจะทําใหวัตถุนั้นเบาลงแตนั่นคือเฉพาะวัตถุไงเคา
ไมไดมองทั้งระบบพอครูไมเห็นภาพตรงนั้นเราก็ตองพยายามยกตัวอยางแลวก็ชี้ใหเขาเห็น

They don’t understand about the conservation of mass. For example, I ask
them which circumstance will have more weight between putting a stone
and a beaker with water on a scale or a beaker that contains the same
volume of water and a stone. Teachers cannot answer this because they get
stuck with the knowledge about weight of the object in water. They only
think of the object separately rather than thinking of a whole system.
(Sommit, Interview #1)
However, the interview and observation of PD implementation of Sommit revealed that
although he had some knowledge about teachers’ difficulties and misconceptions, he
commonly lacked important knowledge necessary to help teachers overcome those
difficulties. For example, Sommit decided to deliver the correct knowledge to teachers
directly by either oral or written format rather than using any conceptual change
strategies to help the teachers. In addition, Sommit did not display that he could respond
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in appropriate ways when teachers exhibited misconceptions. He seemed to ignore the
teachers’ misconception of the concept and tried to push the task to the teachers
themselves in order to find out the accurate knowledge on their own.
ในการเตรียมการสอนเราก็จะเตรียมเนื้อหาสอนนี้ใหมีอยูใ นคูม
 ืออยูแลว ถาครูเคาถามเราก็
อธิบายบางสําหรับคนทีส
่ นใจ แตทส
ี่ ําคัญเราอยากใหเคารูวา ปฏิกิริยาเคมีมน
ั มีทั้งขอดีและ
ขอเสียเวลาเราสอนเราจะยกตัวอยางปฏิกิรย
ิ าเคมีใหทั้งขอดีและขอเสียโยงไปถึง
ชีวิตประจําวันใหเขาเห็นผลกระทบ เราพยายามอยางนอยครูก็ตองรูมากกวาเด็ก บางอยาง
ถาเราใหไดมากเราก็ใหเพิ่มเขาไป บางอยางถาเราใหมากไปครูก็รับไมไดการอบรมครู
บางสวนอยากจะไดเยอะ ๆ ถาบางคนรูแ
 ลวในสวนนี้ บางคนบอกแคนี้ก็เอาแลวไมไหว
อธิบายไมได จริง ๆ เราก็เตรียมไวเยอะครูที่เขามานั้นพื้นเขาไมเทากัน เราไมรู Back
Ground เขามากอน เรา Check ไมไดเรารูแคครูมาเราไมรูหนาตาเขาเปนยังไง เรา Check
ไมไดวาเขาจบอะไรมาทางทีด
่ ถ
ี าเราสามารถแยกไดวาพื้นฐานเขาเปนเทาไหรเราสามารถจะ
ใหไดเนื้อหาเคมีทส
ี่ ูงขึ้น พื้นๆ นี่เราไมตองพูดถึงแลว

Most of activities that we have teachers do, we will provide content
knowledge in the PD handbook. So, I won’t answer all the questions that
teachers ask me. But, I want them to recognize advantages and
disadvantages of the chemical changes and how it connects to everyday
experience. We try to help teachers to have knowledge more than students.
But, the teachers don’t have similar background and we don’t ask for that
information before they come to the PD. Sometimes we give content
knowledge to them, but it is to difficult for some of them to understand
when some of them can understand it. This is because they don’t have
similar background. (Sommit, Interview #1)
ครูเขาจะสังเกตเห็นวามันเกิดการเปลี่ยนแปลงแลวเกิดสารใหม แตที่เราไมใดเนนย้ําเรื่อง
ของความรอนเกิดสารใหมมันตองมีความรอนเขามาเกี่ยวของมันเปนปฏิกริยาดูดหรือคาย
ความรอน ในเนื้อหาเราไมใดใหถึงขั้นนั้น ตรงนี้ครูก็ยังสับสนอยูวาพอเราพูดถึงปฏิกริยาดูด
หรือคายความรอน ครูเขาจะงงเวลาเดินตามกลุมครูเขาจะงง แตที่ไมใหความรูเพราะสวน
ใหญในเอกสารของเรามันมีเนื้อหาอยูแลวเพราะฉะนัน
้ คิดวาครูเขานาจะไปอานเองได

To teach the concept of chemical changes, many teachers get confused
with exothermic and endothermic reactions. I know they don’t understand
it because I notice this when I walked to each group. But, I did not explain
about this concept to them because this content is in the PD handbook so
they can go back and read. (Sommit, Interview #2)
In addition, Sommit was the only professional developer who mentioned during the card
sort activity that scenario drawing a picture of sugar in water would help the professional
developers to understand the teachers’ prior knowledge of the dissolution concept.
However, he put this scenario in the “not like me” group because he believed that the
drawing technique might not be appropriate for the teachers.
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ถาเปนครูเอาไปสอนนี่ไดเพราะเด็กจะชอบวาด แตครูเคาไมชอบวาดยกเวนคนที่วาดเกง
จริงๆมันก็ดีเพราะเปนการพยายามดึงความคิดครูวาถาน้ําแข็งหรือน้ําตาลใสในน้ําแลวจะ
เปนยังไง แตครูเคาไมชอบวาด ถาสําหรับครูนะคิดวาเราเอาน้ําตาลใสในน้ําแลวสังเกต เรา
ไมตองบอกเคาก็ไดวาเราจะสอนเรื่องการละลาย แลวพอเคาสังเกตแลวเราก็อธิบายเคา
เรื่องการละลายและการเกิดสารละลาย จากนัน
้ เราก็มี animation การละลายของ
สารละลายจุนสีวาละลายยังไงซึ่งทําใหครูเขาใจมากขึ้น จริงๆ เทคนิคนี้ก็ดแ
ี ตครูไมกลา
วาด

This technique can be used with the students because they like to draw.
But the teachers are different from students. Only the teachers who are
good at drawing will like this activity, but the other teachers will not do it.
In the PD, I think it is better to let the teachers do the activity and ask them
to observe that change. We may not tell them before observation what we
are going to teach. After the activity, I will explain to them about the
dissolution and solution concept. Then, I will use a CD animation to
display the dissolution of Copper (II) Sulfate in water. I think these
strategies may help teachers to understand better about these two concepts.
(Sommit, Card Sort Activity)
Knowledge of PD strategies. Sommit overviewed his instructional sequence in the
PD including providing knowledge to teachers about the Standards and its framework,
allowing teachers to do activities, and providing necessary knowledge and techniques.
สวนใหญเปนหลัก 5E ตามมาตรฐาน หรือเปน Problem Solving บาง ก็จะมีตั้งคําถาม
แบบ Problem Solving บาง ซึ่งครั้งนีค
้ ิดวานาจะมีตั้งคําถามแบบ problem solving
หรือยกตัวอยางการแกปญหา

I will use the 5E model of instruction as stated in the Standards. I will also
use problem-solving strategy by asking questions to teachers to have them
solve some problems. (Sommit, Interview #1)
However, during the PD Sommit did not either model or explicitly use the 5E model of
instruction because he believed that teachers already understood about the 5E and also
they learnt this strategy in other sessions prior his session.
โดยทั่วไปแลวคนแรกในการอบรมหรือวิธีการ เราก็จะพูดถึงการสอนแบบ 5E พอมาถึงเคมีก็
ไดเรียนเรื่อง 5E มาแลวอาจจะพูดถึงวาขั้นนําไปกิจกรรมนี้มอ
ี ะไรสวนใหญถาเราจะขึ้นสอน
ตัวอยางเรื่องมีกิจกรรมเราจะถามเด็กวาไง เราสอนครูโดยทีค
่ รูไมรต
ู ัววานีค
้ อ
ื เทคนิคของเรา
โดยที่เราจะถามครูกอนนั้นคือกระตุนดวยคําถาม ทางเราเองพยายามศึกษาวาเจาะเอา
ความคิดของเด็กวาเขาคิดอะไรอยู เขามีอะไรอยูในหัว เอาออกมาใหไดกอนเทคนิคตรงนีถ
้ า
ไดตรงนั้นมาจึงจะเอาไปวางแผนการสอนไดสวนใหญมาถึงเราก็สอนๆ เลยโดยที่ไมสนใจวา
เด็กเคารูอะไรมากอน บางอยางเด็กเขารูมาแลว เราก็ไปสอน ถาเด็กรูเรื่องนี้ รูไมจริงรูผด
ิ
คลาดเคลื่อนเราก็ตองแกตรงนีก
้ อนแทนทีจ
่ ะสอนเรื่องอื่นเลย ครั้งนี้พยายามวางแผนเอา
เทคนิคตัวนี้เขามาใช คือเทคนิคคนหาความรูในตัวเด็ก อยางคําถามหือกิจกรรมที่เปนคนหา
ความรูใ นเรื่องนัน
้ อยางไร ยกตัวอยางเอาใบกิจกรรอันนั้นมาทํามีท่เี อามา

In general, the earlier sessions will introduce about the 5E model already.
So, I will suggest to them only how to engage students, how to ask
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students about this activity. I will use these techniques without telling
them these are my techniques. I will encourage them with questions. I am
interested in investigating students’ thinking. Before teaching students, we
need to know first what’s in their head. In general, teachers like to teach
every single thing even though students know it already. So, if they know
it, we don’t have to teach it again. But it they misunderstand it, we can
help them understand it correctly. I try to tell teachers about these
techniques and encourage them to use this technique with their students.
(Sommit, Interview #1)
Sommit mentioned about using another strategy, such as problem-solving, in the PD.
Sommit displayed his knowledge on this strategy in that it initiated teachers’ thinking
more critically about the activities. During the PD implementation, it found that his
instruction through the problem-solving strategy involved throwing out questions to
teachers without any efforts in helping teachers become knowledgeable about this
strategy or about the content knowledge.
ซึ่งตรงนี้เราไมไดอธิบาย ครูเขาเกิดปญหาอีกหลายกลุม ทีม
่ ีปญหาเหลานี้ สวนใหญก็ไม
เคยเจอปญหานี้บางครั้งก็มาเจอ ถาเราปลอยใหครูเขาคิด ถาครูเขาเกิดปญหา เด็กก็จะเกิด
ปญหา กระตุนใหมีมโนกรรมทีอ
่ ยูในเด็กใหชางคิด ชางสังเกตไดหลุดออกมาถาเราไปถาม
เด็ก ๆ เขาก็ไมตอบ เราก็เห็นพฤติกรรม ของครูทําอะไรแปลก ๆ ครูก็ไมรูนะเขาทําแลว
อธิบายก็ไมได ตองไปคนตองไปถามผูร ูอีกทีหนึ่ง เพราะวาบางคําตอบเราไมสามารถตอบ
เด็กไดในชั่วโมงนั้น หรือบางทีเราอาจจะไมรูก็ไดบางอยางอาจเปนเรื่องใหมสําหรับครู เราก็
ตองลองแลวไปคนซึ่งมันมีคําตอบอยูแลว

Many groups of teachers have the same curiosity about this activity, which
I let them think. If teachers have curiosity, students will have this
curiosity, too. I know teachers don’t know the answers, so I tell them to
ask experts or find answers in the texts. Sometimes we could not give
answers to students immediately or we may not know the answer. So we
have to tell teachers to find out the answer. It already exists somewhere
(Sommit, Interview #2).
The excerpt above reveals that a lack of pedagogical content knowledge including
purposes of the strategy, and knowledge of teachers’ learning science was linked to the
ineffective use of strategies. It is also evident that Sommit’s use of problem-solving
strategy was influenced by his beliefs about roles of teachers and himself in the PD-teachers had to take their own responsibility in finding the knowledge. He believed that
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knowledge already existed, which could be found anywhere. His goal for using this
strategy was to encourage teachers to see the importance of reasoning and critical
thinking skills and then use this technique with their students.
แตวิธีไหมครูเขาจะถามเอง เด็กเขาก็จะถามเอง คิดวาอันนี้นา จะประสบความสําเร็จที่เรา
กระตุนใหเด็กกลาถามขึ้นมาแลวเด็กคิดวาเพราะอะไรตรงนี้นา จะโอเค คือวานาจะเปน
ผลสําเร็จในการกระตุนใหครูหรือเด็กคิดขึ้นมาได ซึ่งการคิดหรือตั้งคําถามนีค
้ าํ ตอบมัน
อาจจะยังไมไดมันก็ตองไป find out อีกทีหนึ่ง อันนั้นคือสิ่งที่เราอยากจะใหทํา

With this method, teachers or students will have questions. I encourage
them to ask questions, which means they are thinking. But, they have to
find out the answers on their own. (Sommit, Interview #2)
Also, Sommit did not either explicitly model science teaching to teachers nor
explain and help teachers to connect the PD strategy to the classroom strategy. This made
me question how much and to what degree Sommit’s knowledge bases for PD, such as
knowledge of students’ and teachers’ learning, classroom and PD strategies, and context
of changes of teachers’ teaching behavior were connected. He provided much
information, such as students’ prior knowledge and teaching techniques, but he did not
make explicit to teachers how these chunks of knowledge were important to classroom
teaching.
Knowledge of PD curriculum. Sommit indicated that the PD curriculum contained
everything that teachers could use for their classroom teaching--activity directions,
worksheets, materials needed, and knowledge for teachers. He indicated that the
curriculum was designed in a general way, which contained knowledge that teachers
needed to know. Thus, he, and also other professional developers, did not redesign the
curriculum to fit with the needs of these particular PD participants. However, he
indicated that he prepared himself in terms of content knowledge, and teaching
approaches for these teachers because they had better knowledge than the public school
teachers.
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หลักสูตรนี่เราวางแผนทั่วๆ ไปเลยวาครูประถมควรจะตองรูเรือ
่ งนี้ เรื่องนี้ เสร็จ แลวครูประถม
ยังตองรูเรื่องอะไรบาง เนื้อหาอะไรบาง แตวิธีการไปอบรมเนี่ย วิธีการอาจจะแตกตางกัน
ความเขมของเนื้อหาจะแตกตางจากครูทั่ว ๆ ไป คิดวาอยางนั้นการเตรียมตัวเราจะเตรียมตัว
หนักขึ้นเพราะวาครูที่มาเขาคอนขางที่จะเกง เพราะฉะนั้นเราตองเตรียมตัวใหหนักเปนที่
ไววางใจของครูเขา ยอมรับในความสามารถของกลุมเราดวยสําหรับเราคงจะไมดําน้ําขุน ๆ
ไมได

We designed a curriculum by talking to each other about what we want
primary teachers to know and what contents or activities that primary
teachers need to know. So, this curriculum is appropriate to every primary
teacher in terms of content and activities. However, the teaching approach
during the PD will be different depending on teachers. For example, I well
prepare myself for teaching these private school teachers more than
teaching the public school teachers because they know more than the
public school. So, I have to be solid. (Sommit, Interview #1)
Although Sommit believed that the PD curriculum and IPST curriculum covered all
requirements stated in the Standards, he did not know whether or not teachers appreciated
this curriculum and used it in their classroom.
แตถา โรงเรียนที่ใหนเคยเห็นหนังสือเรา เคยใชหนังสือเราใชหลักสูตรเราแลวก็จะดี เพราะนี่
ขอนี้คือขอเสียของโรงเรียนหลายที่ที่เขาไมไดหนังสือเรา เพราะวาเอกชนเขาเขาไปขาย
เพราะหนังสือของเอกชนเขามีแต content เขาไมมี lab เพราะฉะนั้นบางที่เราพูด lab เขา
จะมีความรูส
 ึกวา เขาไมคุนเคย แตจริง ๆ แลวสิ่งที่เราไดทํา ทําแบบสรุปเสร็จแลวเด็กเคาจะ
ไดครบ เขาจะไดสรุปความคิดรวบยอดออกมา แตแบบเดิมมันก็จะเปนเนื้อหาอธิบาย เขาไม
ทํากิจกรรมเพราะฉะนัน
้ ก็เลือกเอาวาทําแบบไหน ทําแบบเราได concept เสียเวลาหนอยแต
วาเด็กรูเกิดประเด็นที่จะจุดประกายอะไรใหเขาเยอะแยะ แตถาแบบเดิม คือสอนใหเขา
ทองจําซึ่งเราพบแลววาวิธีนน
ั้ ไมทําใหเด็กเกิดการเรียนรู เด็กไดจําอยางเดียว ไมใหเด็ก
ี ารสอนสองมา
เรียนรูไมเกิดความคิดสรางสรรคขึ้นมา เรารูว าครูหลายคน ไมยอมเปลี่ยนวิธก
เพื่อรูวาเราจัดการเรียนการสอนยังไง แตเราไมสามารถการันตีไดทุกคนวาครูที่มาตองไป
สอนตาม Model ของเรานะ เราบังคับไมได โรงเรียนใหสอนแบบเดิมใชเนื้อหาอยางเดียว
อันนี้คอนขางลําบาก ถึงแมเราสอนแบบนี้ ถาโรงเรียนไมไดใชหนังสือของเราเอง เขาใช
หนังสือเอกชน เปนแบบ Chalk and talk เนื้อหาเขียนไวหมดแลว ไมมใี หเด็กคิด ครูเขา
สอนแบบนั้นซึ่งเราแกไมได มันก็เลยไมรวู าครูเขาไดเอาความรูไปใชประโยชนจริง ๆ หรือ
เปลา

It is good if teachers use our curriculum at school because our curriculum
has all they need including, content knowledge and activities. The
curriculum of a private company will contain only content knowledge,
which use a “chalk and talk” teaching style. Teachers don’t have activities
for students so students don’t have opportunities to develop their
creativity. For this PD, we will model how to use our curriculum in
teaching science. However, we cannot guarantee that teachers will use our
curriculum and we don’t know they really use our curriculum and
methods. (Sommit, Interview #1)
Knowledge of assessment of scientific literacy. Sommit demonstrated that he did
not agree with assessing teachers’ learning during the PD. In addition to the time
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restrictions to assessment processes, Sommit believed that teachers would not fully
develop understanding on the concepts that they learned during the PD, but they need
several times to recall their PD experience and then construct knowledge. Further, his
view to PD, as a warehouse and the teachers’ learning as a cow ruminant, shaped his
knowledge of assessment in the PD.
จังหวะที่จะประเมินผลโดยมันยังไมยอยเลยประเมินไมไดแลวรูปแบบไหนทีจ
่ ะไปประเมิน
มันนาทาทายเหมือนกันที่จะใหครูวา มาอบรมแลวประเมินประเมินยังไงกอนเขากลับหรือ
ประเมินหลังจากเขากลับไปแลวจะเอายังไงใหมันมีความยุตธ
ิ รรมกับทุกคนเพราะฉะนั้นถา
เขากลับสงแบบสอบถามไป เราก็ไมรูวาเขาตอบจริงหรือเปลาเขาใหใครตอบแลว
ระยะเวลาในการตอบเพียงแคใหตอบคําถามประเด็นกวางๆเราดูการวิเคราะหหรือการ
อภิปรายของเขาวาครูเขามีความคิดยังไงอาจจะสรางเปนประเด็นไปใหเขาแลวใหเขา
ิ เหมือนกันวาเราจะทํายังไงถึงจะประเมินครู ถาจะสอบครูเขา
วิเคราะหเปนประเด็นเราก็คด
จะเครียด จะเกร็ง แลวจะอบรมแบบไมมีความสุข อยากใหเขามีความสุขในการอบรมครั้งนี้
มากกวา ถาครูสอนเด็กแลวครูไปขูเด็กวาเดี๋ยวจะมีการสอบแลวเอาผลสอบเปนการตัดสิน
เด็กเด็กเกิดความเครียด ทํานองเดียวกันถายอนกลับถาเรามาทํากับครูครูกอ
็ าจจะเกิด
ความเครียดอยากใหครูมีความสุข ทําไปไดซก
ั ถาม มันก็ไดอยางเสียอยาง แตใหรูวิธีการ
วาทํายังไง

I think it isn’t fair if we assess teachers when they don’t digest the
information we give them yet. When the assessment should be is a
critical question because if we assess them right away, they will use their
prior knowledge to do the testing. But, if we do it after PD, how do we
know they do it themselves. In addition, teachers will be too stressed
when they know they will be assessed, which I don’t wan. I want them to
enjoy the PD. (Sommit, Interview #1)
Sommit believed that assessing the teachers’ understanding right after the PD
might not be sufficient because the teachers did not have enough time to transform and
absorb what they learned from the PD yet. In addition, it was very difficult to evaluate
whether or not the professional developers succeeded in the PD by testing the teachers. In
addition, Sommit mentioned that it would complicate the work of the professional
developers to design a good test that assesses all of the knowledge that the teachers
should have. In other words, Sommit indicated that when the teachers did not get the
right answer on some test items, it did not mean that they were unknowledgeable or the
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PD was not effective. The teachers might know other things that were not asked on the
test.
ที่จริง 2 วันครึ่ง ถาสอบเสร็จแลวจะประเมินยังไง ประเมินไมได เราคิดวาเราไปเรียน
หนังสือ 3 วันแลวสอบเลยมันคงยาก สิ่งที่เขาทําไดคือเอาความรูเดิมมาตอบถาตอบถูกก็
ไมไดหมายความวาเราสอนดี หรือวาเขาตอบผิดก็ไมไดแปลวาเราสอนไมดี ขอสอบแค
ไหนที่มันจะคลุมเนื้อหาที่เราใหละ ประถม 6 ชั้นป 8 สาระเสร็จแลวเราจะประเมินผลยังไง
เพื่อคลุมวาเขารูหมดขอสอบของวิทยากรคนละขอก็ 7 ขอ ขอสอบคงไมเปนchoice คง
อธิบายขอหนึ่งใชเวลากี่นาทีถา ใชเวลา 5 นาทีครูคงอธิบายไมไดอยางนอย 10 นาที ใน
การอภิปรายในการตอบขอสอบอัตนัย 5 คนก็ชั่วโมงนึง เราก็ตองมาตรวจแลวเกณฑที่จะ
ตรวจตรวจแลวคนนี้คะแนนมาก คนนี้คะแนนนอย คะแนนจะแปลความหมายวายังไงแปล
ความหมายวาเราสอนดี เราสอนไมดี หรือเด็กความรูด
 ี ความรูไมดี ซึ่งมันก็บอกไมไดครู
เขาอาจจะมีความรูก็ไดแตบังเอิญที่เราถามแคบางจุดทีค
่ รูเขาตอบไมไดแตความรูท
 ั้งหมด
เขาอาจจะดีก็ได ยกเวนขอนั้น เพราะเราไมไดถามทุกเรื่องทุกๆจุดประสงคที่จะสอบวัดผล
ตองถามทุกจุดประสงคที่เราจะสอนซึ่งยากพอสมควร

To do that, the test might be designed to cover every single concept in
the single grade level, which I think it was not possible for a 3-day PD
project. Otherwise, the testing could not tell whether or not the PD was
successful since the teachers might not know the items in the test while
they knew other parts that were not in the test. Furthermore, the testing
should not be a multiple choice testing. That means we have to develop a
scoring guide. The problem is what criteria leading [to use to determine]
“good” or “bad” scores. It’s difficult. (Sommit, Interview #2)
In summary, Sommit displayed limited PCK for PD. Although he indicated he
knew about teachers’ misconceptions of some concepts in chemistry, he did not display
knowledge in helping teachers to overcome those misconceptions. Sommit believed that
teachers’ learning occurred after they left the PD. Teachers had to digest all the
information that they had from the PD and develop their own understanding. In addition,
Sommit believed that science knowledge is facts that teachers could find from books or
asking people. Thus, he did not focus on providing content knowledge to teachers.
Sommit mentioned about the 5E and problem-solving strategies. However, he did not
explicitly show his understanding about how those strategies valued teachers’ learning.
Similar to Vimon, Sommit did not agree with providing testing to teachers. He indicated
that he did not know how to design the test that would provide accurate results about
whether or not the PD helped teachers to increase their understanding of science.
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The Cross-Case Analysis of Professional Developers’ Implementation, Orientation, and
PCK for Professional Development
The observation of PD implementation of all professional developers through an
entire PD project revealed that, in the PD sessions, the professional developers talked
about 90% of the time with very little input by the participants. The data reveals that the
professional developers believed science as information that was there to be discovered
and that science instruction means helping the learners to discover this body of
information through activities, experiments, or telling from teachers. The professional
developers believed that sometimes doing activities alone could not help teachers to
understand the scientific concepts. Thus, the professional developers had to provide
accurate science knowledge to teachers either by oral or in print. All professional
developers indicated that the PD handout that they gave to teachers contained clear
information and background knowledge for each activity. Thus, the teachers would be
able to find out information on their own in the PD resource book anytime they wanted.
Although the professional developers indicated that they would provide
opportunities for the class discussion, the observation revealed that there was little
opportunity for the teachers to share their ideas. The professional developers did not
question the PD participants much and the communication during PD implementation
was mostly one way. In other words, the PD participants were mostly passive recipients
of information and the professional developers maintained their role as lecturer. In
addition, the professional developers’ questions, discussions, and teaching strategies
failed to check PD teachers’ comprehension. The professional developers’ questions were
designed to lead toward their expected answers. Their questions were closed and subject-
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centered and did not prompt the teachers’ critical thinking. The professional developers
offered few opportunities for the PD participants to communicate orally. For example,
although some of those professional developers, such as Piti and Somsri, focused on
modeling using the 5E teaching strategy in the science classroom, during the explanation
step, they provided few opportunities for the teachers to communicate their findings.
They only asked one or two groups out of 10 to share their findings from the activities.
Furthermore, all professional developers believed that the PD participants who
were from private schools had better science knowledge than the teachers from public
schools because the private schools could hire teachers who had a background in science
education. The professional developers believed that the teachers in the private schools
might have different needs from the teachers in the public schools. However, the
professional developers did not design a new PD curriculum that best served the needs of
these PD participants. They report that the amount of activity, scientific knowledge, and
teaching strategies they used in this PD project were essentially the same as the previous
PD that they provided to the public school teachers.
The observations of PD implementations also showed that the professional
developers paid less attention to assessing teachers’ learning. This may be because all of
the professional developers believed that the PD participants already knew the science
content that they were teaching in the primary grades. When I asked them how they
would know if the teachers learned during and at the end of their session, all of the
professional developers brought up the idea of summative evaluation. According to them,
the evaluation of teachers’ learning would be impossible for the PD because of the time
constraint. Some professional developers, such as Piti and Sommit, indicated that the

188

teachers’ questions during the activities could provide them with an idea of whether or
not the teachers understand or develop any knowledge throughout the PD. Furthermore,
some professional developers mentioned that if the teachers did the activities on their
own, they would understand that concept. In addition, the PD also provided a PD manual,
which contains clear explanations of each activity. Thus, the teacher would be able to
review the manual at their convenience. It was also interesting when Vimon indicated
that she did not agree that teachers should take tests before and after PD, it was because
she did not want the teachers to view testing was important in teaching and learning. She
believed that the teachers should alter the way in assessing students’ learning to be more
authentic.
The remaining of this chapter presents the 4 assertions that I developed from the
data in order to answer my research questions.
Assertion 1: The Individual Professional Developers Displayed Multiple Orientations
which were Internally Related. These Orientations Deviated from the Reformed Science
Education Standards.
All professional developers in the study reflected multiple orientations, which
complicated the research. These orientations included activity-driven, didactic, and
pedagogy-driven orientations. The majority of professional developers shared activitydriven and didactic orientations although two professional developers, Piti and Somsri,
held a strongly pedagogy-driven orientation. Table11 shows the orientations for PD that
each professional developer displayed.
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Table 11
Orientations of the Individual Professional Developers
Professional Developers
Piti

Orientations
Pedagogy-driven, Didactic, Activitydriven, and Discovery-driven

Vimon

Activity-driven and Didactic

Somsri

Didactic, Pedagogy-driven, Activitydriven

Sommit

Activity-driven and Didactic

Activity-driven orientation. To support this claim, all professional developers tried
to cover the PD activities that they planned for the PD. For example, Vimon had a strong
activity-driven orientation. She provided many activities in order to encourage the
teachers to try those activities with their students. She did not seem to be concerned about
whether or not the activities developed coherent understanding of the scientific
knowledge and purposes of activities. Sommit also demonstrated the activity-driven
orientation during the PD implementation. After his introduction of Science Education
Standards and the chemistry concept map, he allowed the teachers to do the activities
independently. The teachers could decide which activity they desired to do and which
activity they did not want to do. Sommit did not pay close attention to whether or not the
teachers developed the important concepts and/or understood the purpose of the activities.
Piti’s implementation in the PD demonstrated partly an activity-driven orientation as well.
Although Piti did not provide as many activities as the other professional developers, he
did not explicitly help the teachers to conceptually understand the purpose and the critical
aspects of the activities. His purpose for the PD was to model science teaching. Thus, Piti
selected activities in which he was able to model all of the 5 steps of the 5E model of
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instruction. Piti allowed the PD participants to do hands-on activities and reminded the
teachers what he had done in terms of teaching techniques.
The professional developers also believed that they should provide opportunities
for the teachers to do many activities in order to increase the teachers’ confidence in
implementing those activities with their students. In addition to developing teachers’
confidence, the professional developers indicated that direct experiences in doing
activities helped the teachers realize why they need to provide these experiences to the
students as well.
พยายามใหครูไดทํา Lab ใหมากที่สด
ุ ใหครูมค
ี วามมั่นใจเพราะวาครูบางคนไมเคยทํา lab
เลย หลอดทดลองไมเคยจับสารเคมีไมรู รูแควาผสมกันแลวเปลี่ยนสีแตวาไมเคยทํา lab
เลยสมัยเขาเรียนเขาก็ไมเคยทํา lab บางคนก็ไมไดจบดานวิทยาศาสตร ทีจ
่ บสมัยกอนก็
ไมไดทํา แตพอมาทํา lab บางทีเขาก็ไมมีความมั่นใจ ครั้งนี้เราคิดวาใหเขาทํา lab แลวเขา
่ ิดไมอน
ั ตรายอยางที่เขาใจเขานาจะกลาที่จะเอาไป
มีความมั่นใจมันไมยากเกินไปอยางทีค
เลนกับเด็กที่ผา นมาเขาไมกลาเพราะวาหนึ่งเขาไมรูจะหาสื่อที่ไหน สองเขาไมมีความมั่นใจ
ในการทํากิจกรรม

I wanted the teachers to do many activities as much as possible because
some teachers never had experiences in doing laboratory. They did not
have science background. So, they were afraid and lacked confidence to
implement the activities with their students. (Sommit, Interview #2)
Didactic orientation. The professional developers also displayed a didactic
orientation. In general, all professional developers maintained their role as a lecturer
during the PD implementation in order to provide explanations of the results, conclusions,
and scientific knowledge for each activity. The clearest example of didactic orientation
was Somsri. Somsri explained and provided scientific knowledge for every PD activity
although she did not have the teachers do those activities during PD implementation. For
the activities that Somsri had the teachers perform, she discussed the activities and shared
the correct answers and explanations. However, on the activities that the teachers did not
do, Somsri directly informed the teachers about the purpose, conclusion, explanations,
and scientific concepts of those activities.
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เคาก็อาจจะไดวิธีการสอน ไดเนื้อหาไดการทํากิจกรรม อาจจะชวยแกปญหาการทํา
กิจกรรมใหเขา แลวก็วิธส
ี อน เราก็ไมแนใจวาเขาจะเกงกวาเราหรือเปลาแตเราก็จะใหเขา
วิธีสอน การอภิปราย สรุปผลการทดลอง เทคนิคตางๆ

The teachers will learn teaching strategy, content knowledge, and
activities. We also help them with the problems they have in the
classrooms. I am not sure whether or not they know better than us. But,
we will train them anyway about teaching techniques, explanations,
conclusions of activities, and other important techniques. (Somsri,
Interview #1)
Somsri was not the only one to display this orientation. The other professional
developers also gave facts to the teachers, especially in regard to the scientific concepts
that they did not perform with hands-on activities. For instance, Piti only spent a few
minutes talking and allowing the teachers to do a frequency activity, although he stated
that this concept was the most difficult concept in the sound unit at the primary level.
When Piti introduced this activity, he did not seem to expect that the teachers would
conceptually understand the frequency concept, because he believed that this concept
could not be taught by the 5E model of instruction or inquiry teaching methods to develop
teachers’ and students’ understanding. He indicated that for this abstract concept, it was
necessary to use other teaching strategies, such as directly telling the teachers, and also
the students, frequency is and what its impact on human hearing.
Pedagogy-driven orientation. This orientation was the major orientation of two
professional developers, Piti and Somsri. Piti displayed a strong pedagogy-driven
orientation. He believed that the teachers should be able to develop their teaching ability
if they had opportunities to see good examples of teaching science. Piti also indicated that
the primary teachers normally did not have many experiences in learning science. They
also did not take courses about primary science teaching methods that aligned with the
reformed science education when they were in college. Thus, the teachers did not have
good examples of how science should be taught in the classroom. Piti determined that his
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goal for the PD was to help the teachers address this need. During the PD design, Piti
selected the activities in which he could model the 5E model of instruction. During the
PD sessions, Piti kept reminding teachers about the teaching techniques that he used with
them before, during, and at the end of each activity.
Somsri also displayed a pedagogy-driven orientation. However, her PD
implementation, shaped by orientation, was different with from Piti’s. Somsri kept
emphasizing that teachers needed to have an accurate understanding about scientific
information and laboratory skills in order to be able to instruct their students when they
were asked. Somsri also implicitly modeled the traditional role of teachers in that the
teacher should be the “container” of knowledge for the students. During PD
implementation, Somsri asked the teachers to closely follow the activity instructions,
whereas Piti did not. Somsri explained the scientific knowledge of every single activity to
the PD teachers, whereas Piti sometimes challenged the teachers to develop their own
explanations. Thus, although Piti and Somsri shared a pedagogy-driven orientation, their
pedagogy used in the PD was completely different from each other.
How the Multiple Orientations Fit within Individual Professional Developers.
Although the professional developers had multiple orientations to PD, which influenced
their implementation in the PD, these orientations fit together and sometimes they were
blended together. As in Piti’s case, he strongly displayed a pedagogy-driven orientation.
In addition, he also exhibited activity-driven, didactic, and discovery orientations. In
teaching a topic such as “sound,” one of four orientations that Piti had might play a
dominant role another orientation might play a dominant role in teaching other concepts.
For example, in regards to teaching the concept that that sound is produced by vibration,
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the orientation that played a dominant role in implementation was the pedagogy-driven
orientation, because Piti believed that he could demonstrate the 5E model of instruction
to teachers when they were engaged in the PD activity. In addition, Piti believed that
most of teachers did not have difficulties to learn this concept—that this concept would
be easy enough for teachers to develop understanding by reading the PD handbook.
During the activity, the discovery orientation played role when Piti encouraged teachers
to do the activity in order to discover how the sound is produced. However, when Piti had
to teach the concept of frequency to teachers, his orientation changed from pedagogydriven to didactic, which led to the use of a different teaching approach. Piti decided to
provide knowledge directly to teachers because he believed that this concept was difficult
for teachers to develop understanding by doing an activity or reading in the PD
handbook.
อันนี้คือกระบวนการสืบเสาะหาความรู เอาละจบไปแลวเรื่องกระบวนการเรียนการสอน
ตอไปเปนเรื่องที่ตองแนะนํา คือเรื่องของความถี่

What I just demonstrated was the inquiry process. Now, we finished
talking about the process of teaching and learning. Next, I will talk about a
topic that needs to be directly informed. That is the frequency topic. (Piti,
PD Implementation)
ความถี่เปนเรื่องที่เด็กเคาทดลองเองไมได ทําไดแควา สั่นเร็วเปนอยางไร สัน
่ ชาเปน
อยางไร มีการทดลองคือเราจะใชไมบรรทัดวางกับขอบโตะแลวดีดดู ฟงเสียงดวย หรือถา
จะดูสั่นเร็วก็เอาไมบรรทัดมาโบกๆ ดูก็ได แลวก็เอาดินน้ํามันมาแปะไวอลวโบกดูอีกที สิ่ง
ที่สรุปไดคือของที่สั่นเร็วนั้นใน 1 วินาทีจํานวนรอบทีส
่ ั่นจะเยอะ สวนของทีส
่ น
ั่ ชาจํานวน
รอบทีส
่ ั่นก็จะนอย อันนี้ตองใหความรูว าจํานวนรอบทีส
่ ั่นตอ 1 วินาทีเรียกวาความถี่ มี
หนวยเปนเฮิรตซ สวนใหญจะเปนความรูในสวนนี้ อยางมนุษยไดยินเสียงทีค
่ วามถี่เทาไร
อันนี้ก็ตองใหความรูกันโดยตรง

The students cannot do experiments on this concept. What they can do is
to observe a ruler vibrate fast or slow. We have that experiment by placing
a ruler on the table and pressing at the end of the ruler. Then, moving the
ruler ahead and doing the same thing. Or, we can hold the ruler and make
it wave. Then, we put play-do at the end of the ruler and wave it again.
The students can observe how fast the ruler waves with and without playdo. Then, the teachers tell the students that the number of time the ruler
move back and forth in 1 minute is called frequency. (Piti, PD
implementation)
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In Vimon’s case, she exhibited two orientations including activity-driven and
didactic orientation, which fit together. Based on the beliefs of Vimon, teachers,
especially these particular PD teachers, already had good content knowledge in science.
In addition, she believed that teachers would develop understanding and also correct their
misconceptions when they did the activities. Furthermore, Vimon believed that the
teachers came to PD because they needed to know many activities in order to use them
with their students. Hence, the activity-driven orientation played a dominant role in
Vimon’s design and implementation for the PD. Vimon tried to introduce as many
activities as possible to teachers with less attention to teachers’ understanding of the
concepts. The didactic orientation played a secondary role in her design and
implementation for the PD. Vimon believed that content knowledge could be transmitted
trough textbooks, other written resources, and direct explanation. Thus, Vimon ended her
session by providing a PowerPoint presentation about the content knowledge and its
application to teachers. She also indicated that teachers could refresh their existing
knowledge by reading the PD handbook or teacher-guided book.
In regards to Somsri’s case, she displayed a combination of activity-driven,
pedagogy-driven, and didactic orientations. Somsri strongly displayed a didactic
orientation. She also exhibited process and pedagogy-driven orientations. The didactic
orientation played a dominant role in PD design and implementation for Somsri. Somsri
believed that teachers should be knowledgeable persons who possessed knowledge for
answering and guiding the students in the activities and explanations. Teachers should be
able to instruct or tell students whenever they had problems or questions. Based on her
orientations, Somsri always emphasized, the importance of science knowledge, activity
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techniques, and pedagogical knowledge. She often used the statement: “You need to
know this in order to be able to tell your students.” In addition, she believed teachers
should be able to perform activities using scientific laboratory skills correctly. According
to these beliefs, Somsri allowed teachers to perform activities and she ended each activity
by presenting information and knowledge of every single PD activity to teachers. The
didactic orientation played a role over the activity-driven orientation when Somsri
preferred to provide knowledge to teachers rather than giving time for them to do the
investigation when the time is rushing. Somsri decided to warn teachers to finish their
activities, and then she could give the correct answers of the questions on the worksheet
and knowledge of the topics to the teachers. The pedagogy-driven orientation played the
third role in this PD because Somsri only selected some activities to fully model the 5E
teaching strategy at the beginning of her session. After she fully demonstrated the 5E
model, Somsri kept reminding teachers about each phase of this model and mentioned to
teachers about teaching techniques that teachers could use with students without
modeling them to teachers. The didactic orientation played a role over the pedagogydriven orientation in that although Somsri modeled how to teach science in the spirit of
reform, she also held a teacher-centered view. Somsri was aware that the teachers might
allow the students to explore the hands-on activities or get the students involved in a
science lesson beyond the traditional way of teaching. However, she explicitly modeled
that the teachers still had the primary role of lecturing the knowledge to the students, as
seen in the way she gave explanations for all of the activities that the teachers were
doing. Somsri’s orientations to PD might not be consistent when she expressed that
implementing the 5E model of instruction in the PD was a waste of her time when she
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would rather introduce to the teachers the hands-on activities and explain the content.
This concern led her to express that she might redesign the future PD to not fully model
the teaching strategy.
สาขาตองการใหทุกสาระมีการแสดงการสอนที่ Inquiry ครบ 5 ชั้น ก็แลวแตสาระจะเลือก
กิจกรรมไหน ซึง่ กิจกรรมนี้มันสามารถครอบคลุมเนื้อหาตั้งแต ป1 – ป3 ครอบคลุมไดหมด
เลย เราก็เลยจัดอันนี้ แตทีนี้ถา จะแสดงการสอนใหครบทุกขัน
้ ตอน ซึ่งคราวกอน ๆ ไมได
แสดงกันขนาดนี้ แตคราวนีแ
้ สดงจนครบ ก็เลยทําใหเสียเวลา เพราะฉะนั้นคิดวา คราวหนา
ถาจะอบรมใหม คิดวาเราไมตอ
 งเอาใหครบชั้นแลว มันไปทําใหเนื้อหาสวนหลังที่มัน
สําคัญกวา มันเสียเวลาไป เพราะคราวหนาคิดวาจะตองลด ใหเขาทํานิดหนอย แตไมตอง
ครบทุกขั้นตอน คิดวามันจะชวยใหมีเวลาพอสําหรับเรื่องขางหลัง เพราะเรื่องขางหลังมัน
เรงมาก

The PD team wanted every session to model inquiry teaching. We
independently designed what activities we would use for the
demonstration. We modeled a portion of the 5E model of instruction in the
previous PD but [modeled] every step for this PD. I think it wasted time
because we had to rush at the end of the session. I won’t use this strategy
again in the next PD. I may allow the teachers to experience in some steps
of the 5E model of instruction then move to the next activities. (Somsri,
Interview #2)
According to Sommit’s case, he held blurry activity-driven and didactic
orientations. Sommit displayed the latter orientation, believing that science knowledge is
facts that can be transmitted through reading the textbooks or direct explanation from
experts. These two orientations were fit together when the activity-driven orientation
played a dominant role in design and implementation of the PD over the didactic
orientation. For example, in teaching the chemistry topics in the activity manual, Sommit
encouraged teachers to perform the activities in order to verify the science concepts.
Although he exposed teachers to the information and awareness related to those concepts,
he did not provide adequate efforts in helping teachers develop understanding of the
concepts from the activities. This related to his beliefs that knowledge could not be
developed directly from doing the activities. However, the activities provided windows
for teachers to discover the ending results of the activities, which teachers could later
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verify with the factual knowledge in the textbook, and then construct to their own
understanding. The didactic orientation played a secondary role when Sommit
demonstrated that he had a role in providing knowledge that was not written in the PD
handbook, such as teaching techniques and application of knowledge that related those
activities to teachers.
Considering the Orientations of Professional Developers in Light of the Reformed
Science Education. The activity-driven orientation of the professional developers drove
their PD design and implementation in providing hands-on experience that similar to
classroom activities to teachers. This orientation fit with the reformed National Science
Curriculum Standards (2003) in that the standards request teachers to change their
science teaching from rote learning toward inquiry by providing more opportunities for
students to develop investigations in science classroom.
กระบวนการเรียนที่ผูเรียนจะตองสืบคน เสาะหา สํารวจตรวจสอบ และคนควาดวยวิธีการ
ตางๆ จะทําใหผูเรียนเกิดความเขาใจและเกิดการรับรูความรูนั้นอยางมีความหมาย

Learning process is a process that learners have to investigate and research
for information through various methods in order to develop meaningful
knowledge. (Standards, p. 219)
During the PD, some professional developers provided a few opportunities for class
discussion. The professional developers tried to use questions, discussions, and
engagement techniques to encourage teachers to perform investigations, but these
opportunities were rare.
In comparing the cases with the Science Education Standards, there were
instances when the cases deviated. The Standards indicate that sustainable learning
occurs through a variety of learning processes, which include the inquiry process, rather
than by telling.

198

กอนที่ครูผส
ู อนจะจัดการเรียนการสอนในหองเรียน จะตองตระหนักวาการเรียนรูเกิดขึ้นดวย
ตัวของผูเรียนเอง การเรียนรูเรือ
่ งใหมจะทีพื้นฐานมาจากความรูเดิม ฉะนั้นประสบการณของ
นักเรียนจึงเปนปจจัยสําคัญตอการเรียนรูเปนอยางยิ่ง กระบวนการเรียนรูทแ
ี่ ทจริงของ
นักเรียนไมไดเกิดจากการบอกเลาของครู หรือผูเรียนเพียงแตจดจําแนวคิดตางๆ ที่มีผูบอก
ใหเทานั้น กระบวนการเรียนทีผ
่ เู รียนจะตองสืบคน เสาะหา สํารวจตรวจสอบ และคนควาดวย
วิธีการตางๆ จะทําใหผูเรียนเกิดความเขาใจและเกืดการรับรูค
 วามรูน
 ั้นอยางมีความหมาย จึง
จะสามารถสรางเปนองคความรูของผูเรียนเอง และเก็บไวในสมองไดอยางยาวนาน สามารถ
นํามาใชไดเมื่อมีสถานการณใดๆ มาเผชิญหนา ดังนั้นการทีผ
่ ูเรียนจะสรางองคความรูใดจึง
ตองผานกระบวนการเรียนรูทห
ี่ ลากหลาย โดยเฉพาะอยางยิ่งกระบวนการสืบเสาะหาความรู

(inquiry process)
Teachers should be aware that the learner takes his or her own
responsibility in learning. What learners already know influences their
learning. Thus, students’ experience is an important factor for the learning
process, which does not occur by remembering teachers’ telling. However,
learning occurs through the learning process that learners have to
investigate through various methods in order to construct new knowledge
and keep in a long-term memory, and be able to face and solve other
problems. Learners can construct knowledge through the investigation
process called the inquiry process. (Standards, p. 219)
I found evidence that all professional developers displayed a didactic orientation instead
of inquiry, guided-inquiry, or other orientations that could serve the request of the
Standards. The professional developers still believed that science knowledge is facts,
which could be learned by reading or telling from experts. Thus, many professional
developers still served their role in telling knowledge to teachers at the end of activities.
In addition, the PD implementation of the professional developers revealed that they used
activity in the PD as a tool in developing teachers’ laboratory skills and also a tool for
discovery or verification of the existing knowledge. Thus, the professional developers
provided a set of activities for teachers to investigate rather than challenging them to
define problems and design their own investigation.
The professional developers displayed that their understanding about the 5E
model of instruction deviated from the Standards. Also, their orientations, which were
activity-driven and didactic orientations, led their PD implementation to be different from
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the purpose of the Standards. As the Standards explained each phase in the 5E model of
instruction, the explanation phase was described as:
ขั้นอธิบายและลงขอสรุป ผูเรียนนําขอมูลจากการสํารวจตรวจสอบมาวิเคราะห แปลผล
สรุปผล และนําเสนอผลที่ไดในรูปแบบตางๆ ซึ่งการคนพบในขั้นนี้อาจเปนไปไดหลายทาง
เชน สนับสนุนหรือโตแยงสมมติฐานที่ตั้งไว หรือไมเกี่ยวกับประเด็นที่กําหนดไว แตผลทีไ
่ ด
สามารถสรางความรูและชวยใหเกิดการเรียนรูไ
 ด

Explanation and conclusion is for learner to analyze and interpret data or
information from the exploration phase. Learner should be able to explain
whether or not their analyzed data supports or refutes their hypothesis.
(Standards, p. 220)
However, I found that although the professional developers allowed teachers to perform
the activities in the exploration phase, they did not promote teacher learning through the
processes stated in the Standards. They rarely encouraged teachers to analyze information
that teachers had from observations, conclude or develop explanations based on the data
and evidence, or communicate their findings and learning to the peers. The professional
developers viewed these processes as wasting their time. Thus, they decided to skip this
part, but verbally reminding teachers to do these steps with their students. The
professional developers preferred teachers to have hands-on experience from doing as
many activities as possible and also preferred to provide much information for teachers.
Their teaching behavior during the PD was influenced by the activity-driven and didactic
orientations.
Assertion 2: The Professional Developers’ Components of PCK for PD were Limited.
These PCK Components were Associated with their Orientations.
Knowledge of teachers’ understanding of science. Rather than having solid
knowledge supported by research, it is evident that the information on PD participants’
knowledge background and understanding of science held by professional developers was
mainly from their perspective gained from the previous PD experiences. Based on their
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belief that teachers already had good science content knowledge, the professional
developers overlooked considering teachers’ understanding of science in their PD design.
Also, they seemed to have limited knowledge on how teachers best learned science and
pedagogy in a sustained and in-depth way, so that they were able to teach science
effectively in the classroom.
The standards indicates that learner learn more when new information is
structured and related to their prior knowledge and experience, when they are assigned
academic tasks at appropriate levels of difficulty, and when they are provided with
adequate feedback on their task performance.
ผูสอนจะตองตระหนักวาการเรียนรูเกิดขึ้นดวยตัวของผูเรียนเอง การเรียนรูเรือ
่ งใหมจะมี
พื้นฐานมาจากความรูเดิม ฉะนั้นประสบการณของนักเรียนจึงเปนปจจัยสําคัญตอการเรียนรู
เปนอยางยิ่ง กระบวนการเรียนรูท
 ี่แทจริงของนักเรียนไมไดเกิดจากการบอกเลาของครู

Teachers should be aware that the learner takes his or her own
responsibility in learning. What learners already know influences their
learning. Thus, students’ experience is important factor for the learning
process, which does not occur by remembering of teachers’ telling.
(Standards, p. 219)
The professional developers’ orientations and knowledge were not consistent with
the learning philosophy stated in the Standards. The didactic orientation that the
professional developers exhibited and their limited knowledge of how people learn and
influences of prior knowledge to learning limited them in designing a PD that connected
with or challenged prior knowledge of teachers. Also, they paid less attention to
providing opportunities for interaction among teachers and challenging teachers’ existing
ideas.
Knowledge on PD strategy. As indicated earlier, the didactic and activity-driven
orientations did not seem to fit with the reformed Standards. During the PD, it was
evident that the didactic orientation led the professional developers to play a primary role
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as lecturers or discussion leaders when teachers were typically presented with science
content, and laboratory activities. In the case of the professional developers who
displayed both didactic and pedagogy-driven orientations, it is evident that they did not
effectively change their role to accommodate the new instructional approaches that
aligned with the Standards. Instead, these professional developers still used a didactic
teaching strategy in teaching teachers about the 5E model of instruction. In other words,
they modeled inquiry teaching methods through a didactic teaching approach. In addition,
they paid less attention to helping teachers to recognize the differences between the
traditional role and the new role of teachers in the science classroom.
As the Standards explained, the elaboration phase is a phase to encourage learners
to use their new knowledge or model in explaining or understanding a new situation.
ขั้นขยายความรู เปนการนําความรูทส
ี่ รางขึ้นไปเชื่อมโยงกับความรูเดิมหรือแนวคิดที่ได
คนควาเพิ่มเติม หรือนําแบบจําลองหรือขอสรุปที่ไดไปใชอธิบายสถานการณหรือเหตุการณ
อื่นๆ เพื่อเกิดความเชื่อมโยงและทําใหเกิดความรูกวางขวางขึ้น

Elaboration is a process of learners connecting new knowledge or
information to their prior knowledge or ideas. Learner might use new
knowledge, models, or conclusions to explain other circumstances in order
to make connections and extensions their knowledge. (Standards, p. 220)
The professional developers displayed their understanding that this phase was for the
teachers to explain or restate students’ explanation into scientific meaning.
ครูจะมาทําในขัน
้ ที่ 4 คือที่เขาพูดมาแลวอะไรที่ยังเปนความเขาใจไมถูกตองครูก็ชวยแนะนํา
ชวยบอกวาอันนี้เปนอยางนี้นะแลวครูก็เปนคนสรุปชวยสรุปใหอีกทีหนึ่งวาสิ่งที่เคาเรียนรูวันนี้
หลักๆ แลวมันคืออะไร concept คืออะไร อะไรถูกตองไมถูกตองสิ่งที่เขาเรียนรูมันเชื่อมโยง
กับชีวิตจริงยังไงชีวิตประจําวัน หรือสิ่งที่อยูร อบตัวเขายังไงบาง

Teachers will take responsibility in step 4 by correcting students’
explanation from the previous step. Teachers also suggest and help
students make correct conclusions about the concept. (Vimon, Interview
#1)
ขั้น elaboration นี้ เปนขั้นที่ครูจะไดทํางานเสียที ขั้นนี้เปนขั้นที่ครูใชอธิบาย อะไรที่เด็ก
เคาอธิบายมาจากขั้นที่แลว ที่เคาอธิบายไมถก
ู สรุปยังผิด ครูอยากเพิ่มเติมให เวลาเด็กเคา
เขียนอธิบายเคาไมไดเขียนแบบที่อาจารยเขียนเพราะเดเคาตัวแคนั้นเอง พื้นความรูเคายัง
นอย เพราะฉะนั้นอาจารยก็ตอ
 งมาอธิบายใหชัดเจนอีกครั้งหนึ่ง
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Elaboration phase is for teachers to explain or rephrase students’
explanation to accurate scientific explanations. Students have little
knowledge background, so their written explanations may not be correct.
(Piti, During PD Implementation)
Thus, the professional developers modeled this phase of the 5E model of instruction by
directing teachers to the correct scientific knowledge, not to solving new problems as
discussed in the Standards.
The 5E model of instruction also includes the evaluation phase. The professional
developers paid less focus on this phase either by developing understanding about
assessment and evaluation techniques for teachers or implementing the assessment in
order to assess teacher learning. The type of questions used by the professional
developers during the PD teaching revealed two possibilities, including (1) limitation of
knowledge of questioning or (2) an orientation that framed ways to formulate questions
that were less inquiry-oriented.
It is evident that the professional developers tended to view hands-on activity and
science content instruction as two separate activities. Rather than teaching content
through hands-on activity using the inquiry process as stated in the Standards, the
professional developers supplemented the hands-on activities with more didactic or
activity-based lessons.
ที่แสดงใหดจ
ู บไปนี้เปนเรื่องของกระบวนการสืบเสาะหาความรู จบไปแลวเรือ
่ งกระบวนการ
จัดเรียนการสอน ตอไปเปนเรื่องเกี่ยวกับหัวขอที่ตองแนะนํา อธิบาย หรือใหความรูโดยตรง
เชนเรื่องความถี่

I just finished modeling the inquiry methods and that was an example of
teaching and learning process. Now I am going to talk and explain to you
about the topics that are needed to give knowledge directly. (Piti, During
the PD Implementation)
เราไมไดไปลงในเนื้อหามากนักเราแนะนําในเชิงของกิจกรรม ถาหากไปลงเนื้อหาอาจจะมี
ไมเขาใจ อยางบางเรื่องเวลาไมมีเราอาจจะไมมีเวลาถามหรือเปลาไมแนใจ หรือเขาอาจจะ
ไมกลาถามเห็นเรารีบจุดมุงหมายของเราคือพยายามแนะนํากิจกรรมใหกับครู เพื่อที่ใหครู
เอาไปใชสอน พยายามใหกิจกรรมไปเยอะ ๆ อยางไฟฟาสถิตก็มีหลาย ๆ กิจกรรม พยายาม
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แนะนําแนวทางที่วาสอนยังไงใหเด็กเขาใจไดงาย ถาเกิดมีตรงไหนที่ครูเขาใจผิดก็จะแกให
ใหครูไปขยายตอ

I do not go into too many details about the content because I want to
introduce the activity. If I talk about the content, there might be some
teachers who don’t understand it. My goal is to give many activities to
teachers and encourage them to use these activities with their students. For
example, there are many activities about electrostatic concepts that I
prepared for them. I try to suggest to them how to use the activity with
students in an easy way. If teachers have a misconception, I will help them
to correct it. (Vimon, Interview #2)
ที่ไมใหความรูส
 วนใหญในเอกสารของเรามีเนื้อหาอยูแลวเพราะฉะนั้นคิดวาครูเขานาจะไป
อานเองได เราอยากจะใหเปนเทคนิคปฏิบัติมากกวา เพราะเขาใจวา ครูกลุม
 นี้ถาสอนถาเปด
ตําราสอนโดยที่ไมเขาใจหรือความซาบซึ้งในการทํากิจกรรม

Teachers can read for gaining content knowledge. I want to improve their
techniques rather than the content because I’m sure that these teachers
follow the activity directions without understanding and appreciation of
the activities. (Sommit, Interview #2)
Also, some professional developers exhibited a perceived need to retain control of the
learning process in order to ensure teachers were successful in performing activities. For
example, Somsri liked to have every teacher move through each activity at the same pace,
suggesting that when the teachers did not perform the same activity at the same time, she
felt she was loosing control of the PD session.
มีอาจารยบางคนเขาเคยสอนแลว เคยสอนในกิจกรรมของเราดวยซ้ํา แตพอมาทํา รูส
 ึกวา
เขาก็ดูสนใจเพียงแตวา เขาทําลวงหนาไป ทําลวงหนาในสิ่งที่เรายังไมไดพด
ู ถึง มันทําให
ความสนใจของกลุมมันไมเปนไปตามลําดับ บางชวงตองดุครูเขาวาใหเก็บไวกอน อยาเพิ่ง
ทํา เพราะครูบางคนเคยสอนตอนชวงชั้นสอง แกก็รูแลวกิจกรรมนี่อะไร มันทําใหกลุมอื่น
้ ิมันสนุก แทนที่จะไดมาพูดเปนลําดับขัน
้ ตอนไป
มาสนใจเขา ถาเปนเด็กก็หันมาตรงนีส
เรื่อย ๆ นี้ก็เปนสิ่งที่ไมควรจะเกิดขึ้น

Some teachers used to the activities before they came to the PD. So they
did the activities ahead of other teachers, which I think it was very
disorderly and uncontrolled. I had to tell them to wait for other teachers
because the teachers from other groups were interested in the activities
they did instead of paying attention to their own work or my
explanations. This should not happen. (Somsri, Interview #2)
In addition, the professional developers rarely provided opportunities for teachers to
engage with their peers in focusing on classroom teaching practice and how to make
practice effective.
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Metaphors for PD could have a strong impact on what professional developers
taught during their PD implementation. There were obvious connections between
professional developers’ images of PD and their teaching behavior. For example, one
professional developer had a magician metaphor, which led to the selection of activities
that looked miracles, fun, and exciting to teachers. Or, one professional developer held a
metaphor of the warehouse and cow ruminant, which meant teachers could not develop
knowledge immediately at the PD, but they needed times to recall the activities,
explanations of professional developers and then read the PD handbook for content
knowledge in order to construct new knowledge. This metaphor led the professional
developer provided much information to teachers with little attention to helping teachers
to increase knowledge and make connections of PD experience to classroom teaching.
Knowledge on PD curriculum. There is little evidence revealing how much and to
what degree the professional developers understood the PD curriculum. However, the
data reveal that the professional developers believed that the PD handbook that they
provided for teachers contained enough information, such as an activity and its directions,
content knowledge for students and teachers, and student worksheets, necessary for
teaching. Thus, the PD teachers could review the PD handbook whenever they needed to
find information or refresh their existing knowledge. In addition, the professional
developers ensured that the PD curriculum was designed to serve the Standards’
requirement for content aligned with primary grade levels.
Knowledge on assessment of scientific literacy. Rather than relying on summative
assessment only, the reformed Standards recommend teachers use formative and
authentic assessment strategies as alternative ways in assessing student learning.
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การวัดและประเมินผลมีความสําคัญเปนอยางยิ่งตอกระบวนการเรียนการสอน วิธีการวัดและ
ประเมินผลทีส
่ ามารถสะทอนผลการเรียนรูอยางแทจริงของผูเ รียนและครอบคลุมกระบวนการเรียนรู
และผลการเรียนรูพื่อวินิจฉัยความรูความสามารถ ทักษะและกระบวนการ เจตคติ คุณธรรม จริยธรรม
และคานิยมของผูเรียน และเพือ
่ ซอมเสริมผูเรียนใหพฒ
ั นาความรูความสามารถและทักษะไดเต็มตาม
ศักยภาพเพื่อใชเปนขอมูลปอนกลับใหแกตัวผูเรียนเองวาบรรลุตามมาตรฐานการเรียนรูเพียงใดเพื่อ
ใชขอมูลในการสรุปผลการเรียนรูและเปรียบเทียบถึงระดับพัฒนาการของการเรียนรู จึงตองวัดและ
ประเมินผลจากสภาพจริง (authentic assessment)

Assessment and evaluation are important to the teaching and learning
process. Authentic assessment aims to evaluate students' abilities in 'realworld' contexts. In other words, students learn how to apply their skills to
authentic tasks and projects. Authentic assessment does not encourage rote
learning and passive test-taking. Instead, it focuses on students' analytical
skills; ability to integrate what they learn; creativity; ability to work
collaboratively; and written and oral expression skills. (Standards, p. 231)
Although the professional developers indicated that they used authentic assessment to
assess teachers during the PD, as recommended by the Standards. However, the
professional developers only used asking questions and observing teachers’ performance,
in the assessment process. As the Standards indicated, the purposes of authentic
assessment included:
(1) การประเมินความสามารถของผูเรียน เพื่อวินิจฉัยผูเรียนในสวนที่ควรสงเสริมและสวนทีค
่ วรจะ
แกไขปรับปรุง, (2) เปนการประเมินที่เปดโอกาสใหผูเรียนไดมีสวนรวมประเมินผลงานของทั้งตนเอง
และของเพื่อนรวมหอง, (3) สะทอนใหเห็นถึงกระบวนการเรียนการสอนและการวางแผนการสอนของ
ผูสอนวาสามารถตอบสนองความสามารถ ความสนใจ และความตองการของผูเรียนแตละบุคคลได
หรือไม, (4) ประเมินความสามารถของผูเรียนในการถายโอนการเรียนรูไปสูช
 ีวิตจริงได

(1) assess learner’s ability in order to recognize what should be supported and
adjusted, (2) get learner involved in the assessment process of themselves and of
peers, (3) reflect to teacher whether or not he or she can address the needs of
individual learner, and (4) assess learner’s ability in making connections
knowledge to real-life experience. (Standards, p. 232)
It is evident that the professional developers did not provide opportunities for teachers to
get involved in the assessment process in order to reflect on their learning achievement.
In addition, it is also evident that the professional developers did not ensure that their PD
implementation would help teachers to increase their knowledge and implement this
knowledge and experience with students. Furthermore, the professional developers did
not spend enough time to help teachers develop understanding of assessment strategies or
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make connections for teachers to classroom practice, such as what they could learn by
examining student work, thinking, performance, and discourse. Hence, the analysis and
interpretation of professional developers’ knowledge of assessment of teacher’s scientific
literacy led me to question how much the professional developers know about authentic
assessment, to what degree they thought this assessment could be used in the PD, and
what factors, excluding time restrictions, influenced the professional developers to not
fully perform authentic assessment.
Assertion 3: The Activity-Driven Orientation and Time Restrictions were the Main
Influences the Professional Developers’ Design of and Selection of PD Activities.
It was evident that the activity-driven orientation of the professional developers
influenced their design and implementation of the PD. Many professional developers
provided activities that work (Appleton, 2003)-- that met various goals, introduced the
science content and science teaching strategies that were required by the Science
Education Standards, were hands-on and fun to do, were manageable in the classrooms,
and manageable in the PD. They felt limited by time in designing the PD and selecting
activity.
The activities that work were required by the reform science education standards.
The professional developers stated that the PD activities were selected from the IPST
Curriculum, which was developed under the National Science Education Standards
framework. Consequently, the PD activities introduced the scientific concepts the
students needed to acquire by the end of each grade level. For the PD, the professional
developers indicated that the teachers needed to understand the mission and requirements
of the reform Science Education Standards. The Standards requested the teachers teach
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science as inquiry and get the students more involved in science. The professional
developers were anxious that the teachers understood and were able to do the science
activities that were required by the Standards. The professional developers believed that
the teachers, as well as the students, would understand some easy science concepts if they
got involved in the hands-on activities. Thus, it was necessary for the PD to provide
opportunities for the teachers to do those activities before they implemented them in their
classrooms. The professional developers also mentioned that if the teachers used the
IPST Curriculum and PD activities in their science instruction, they would not have any
anxiety that they would not meet the requirements stipulated in the Standards.
หลักสูตรที่เราเสนอใหเขาเปนหลักสูตรตาม พรบ.ใหมที่โรงเรียนหรือครูทุกคนจะตองสอน
กิจกรรมลักษณะนี้ เพื่อใหตรงตามมาตรฐาน ลักษณะของกิจกรรมอาจจะแตกตางก็แลวแต
เพราะวาตัวอยางที่เราเสนอใหมันเปนเพียงตัวอยางเพื่อใหได concept ตามมาตรฐานก็
เทานั้นเอง หลักสูตรนี้กค
็ งเดิม หลัก ๆ ใหญ ๆ เนื้อหาอะไรก็คงเดิมเราอบรมยังไงก็หนีไม
พนมาตรฐาน เราก็ตองใหเขารูมาตรฐานวิทยาศาสตรของประถมมีอะไรบางแลวเราก็ให
ความรูห
 รือใหตวั อยางกิจกรรมใบบันทึกกิจกรรม

The curriculum that we introduced to them was aligned with the
Standards; these activities were also the kinds that they needed to teach
to their students. We wanted them to have the examples of teaching
science and the science concepts in the Standards. (Sommit, Interview
#2)
หนึ่งใหครูไดศก
ึ ษาหลักสูตรทีเ่ ราจัดไวให ทีนี้เมื่อศึกษาหลักสูตรก็ตองรูวาในหลักสูตรมี
กิจกรรมอะไรบาง เทากับใหครูไดมาฝกใหแมนยําขึ้นกอนทีจ
่ ะนําไปสอนเด็กถาเขาไดฝก
และเราไดชี้แนะในสิ่งที่เคาควรจะเนนกับเด็ก เคาก็จะเกิดความมั่นใจขึ้นนั่นคือประเด็น
หลักวา ไดมาฝกดวยตัวของตัวเอง ผิดถูกยังไงเขาจะไดสํารวจตัวของเขาดวยวาที่ผา นมา
เขาทํายังไงกับเด็ก เราเพิ่มเติมใหเขา เขาจะไดนําไปเพิ่มกับเด็กหรือไปชีแ
้ นะกับเด็กตอ
นั่นคือประเด็นที่หนึ่ง

We wanted the teachers to know what was in the Standards. We also
wanted them to know the activities in the curriculum. Some teachers may
have used these activities with their students before they came to the PD.
But, it would be a great opportunities for them to reconfirm whether or
not they did it right in the classroom. We also explained more to them so
they could do the same thing with their students as well. (Somsri,
Interview #2)
The reformed Science Education Standards also required the teachers to teach
science using the 5E model of instruction. This requirement also guided the professional
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developers to select activities in which they were able to model the science instruction
using the 5E framework. For example, the requirement in using the 5E model of
instruction guided Piti to select PD activities that fit the 5E model of instruction. As Piti
indicated, “The activities that the teachers need to do in the PD must be the activities that
lead them to understand the inquiry process” (Piti, Interview #2).
การใชกระบวนการ Inquiryในการอบรมเอาอันแรกกอนเพราะ สสวท. สนับสนุนใหใช
กระบวนการนีใ้ นการจัดการเรียนรูวท
ิ ยาศาสตร นั่นคือเรามีหนาทีท
่ ี่จะตองเผยแพรออกไป
โดยทําใหดู เราพยายามทําใหดูโดยที่ไมไดบอกเหมือนการบรรยายวา inquiry 5Eตองทํา
อะไรบาง 1, 2, 3, 4, 5 อันนี้คือยุทธศาสตรทใี่ ช สวนการใหองคความรูอันนีก
้ ็เปนสิ่งที่เรา
จะตองให basic concept แกครู เราใชกระบวนการทั้งหมดไมได เราก็ตองใหองคความรู
ั้ ก็ตองสอน วิธท
ี ําการทดลองโดยใชการทดลองเหมือนใน
โดยตรง การใหองคความรูนน
หองเรียนจริงใหเขาลองทําเปนกิจกรรมการทดลองที่เราไดเสนอแนะไวในหนังสือเรียนให
เขาลองทําเพื่อจะไดนําไปใชเพราะบางคนเขาก็ไมเคยใชหนังสือ สสวท. เขายังไมคุนเคย
กับการทดลองเหลานี้ เขาจะไดเอาไปใช

The IPST Curriculum requires the teachers to teach science using the
inquiry process. So, it was our job to help the teachers understand this
teaching technique. We tried not to tell them directly what the 5E was,
but we modeled it to them by using this technique. For some of the basic
concepts, we needed to inform them of the concepts because we could
not use the 5E with all the concepts. We need to teach them. For the
activities, we had the teachers do the activities as if they were students.
Some teachers never used the IPST Curriculum before; so when they
came to the PD, they would not be familiar with it. (Piti, Interview #2)
Vimon and Somsri expressed concern that it was necessary that the PD activities
were exactly the same activities as the students. In addition, Somsri and Piti indicated that
the teaching strategy used in the PD should be the same as the teaching strategy that they
needed the teachers to adopt in the classrooms.
The professional developers believed when the teachers had to teach a particular
science concept, they would certainly adopt the activities that they had directly
experienced in the PD and had seen with the full array of teaching techniques. However,
the teachers might not fully implement the activities that they only had experiences in
doing activities and had not seen teaching examples.
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คาดหวังวาในกรณีที่เราแสดงใหดู เชนแสดงใหดูวาเสียงเกิดจากการสั่นของแหลงกําเนิด
เต็มรูปแบบเขาคงเอาไปใช แตอันที่เราไมไดแสดงใหดูเต็มรูปแบบคงไมคอยไดใชเพราะ
เขายังไมเห็นตัวอยางวาเวลาใช ใชอยางไร

We expect that all things that we fully modeled to them, they would
implement it in their classrooms. But, they might not use it if they only
had experiences with doing the activities, but did not see the sample of
how to teach it. (Piti, Interview #2)
คาดหวังวาสิ่งที่ครูไดจากเราไปก็นาจะสงผลตอนักเรียน นักเรียนนาจะสนใจการเรียนการ
สอนวิทยาศาสตรมากขึ้น แลวก็มีความรูท
 างวิทยาศาสตรหรือ science literacy มากขึ้น
หวังวาครูจะไดกระตุนหรือไปเปลี่ยนแนวคิดเด็กที่ไมชอบวิทยาศาสตรหรือที่รัก
วิทยาศาสตรใหรักวิทยาศาสตรยิงขึ้นหรือใหเขาสนใจ ชางคิด ชางสังเกต อะไรใหมากขึ้น
เราหวังวาอยางนั้น

We expected that the teachers might use the activities with their students,
which helps to increase the students’ positive attitude to science or
develop the students’ scientific literacy. We wanted the teachers to help
the students to have more scientific skills. (Sommit, Interview #2)
The activities that work were hands-on and fun to do and that teachers could
learn from. All of the professional developers indicated that they selected the PD
activities because they were hands-on activities that would capture the teachers’ interests.
The professional developers drew on what had interested the PD teachers from their
previous experiences in PD. The professional developers indicated that if the activities
interested the teachers, they [the teachers] would think those activities would be
interesting to the students as well.
กิจกรรมมันตื่นเตน สมมุติเราเลนกลทุกคนจะชอบ นาสนใจ เดี๋ยวครูจะเอาไปเลนบางกับ
เด็ก ครูเหมือนเด็ก ครูก็เหมือนเด็กโชวหนาหองเรียกความสนใจเด็กได เขาก็คิดวาเอา
แนวคิดนี้ไปใชกับเด็ก

The activities were exciting. If we did magic things, the teachers would
like them and pay attention to them. Then, they would do these with their
students because they knew this would draw the students’ interest.
(Vimon, Interview #1)
ครูไดรวมมือกัน แบงงานกันทํา ถาครูไดอภิปรายไดทําแบบนี้ คิดวาเด็กก็คงไดทําลักษณะ
แบบนี้เหมือนกัน ครูเขาคงจะเห็น point วาครูเขาไดอภิปรายหรืออานdirection มา อันนี้
ผสมอันนี้ มีการวิเคราะหกันบางกลุมมีผสมผิด ผสมคูผ
 ิดมีประเด็นเหมือนกัน

The teachers had opportunities to do the activity, plan, and discuss,
which I think the teachers might give the same opportunities to their
students as well. When doing these, the teachers might understand why
they had to do these processes and when they understand it, they will use
it when they return to the schools. (Sommit, Interview #2)
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The professional developers also believed that having the teachers do hands-on
activities not only helped them to develop conceptual understanding, but also developed
laboratory skills. For instance, Somsri indicated that the teachers might not have used the
IPST Curriculum before they came to the PD. Other curriculum materials, developed by
private companies, usually emphasized content knowledge rather than hands-on activities.
Thus, these teachers might not have had many experiences in conducting the activities,
and also might not have ideas on how to implement those activities in the classrooms.
Somsri mentioned that she selected the activities that allowed the teachers to participate in
order to help them understand the content knowledge and improve their laboratory skills.
คนทีส
่ อนแลวบางทีเขาก็ใชหนังสือเรา บางทีเขาก็ใชของเอกชนซึ่งเขาไมมก
ี ารทดลอง
เพราะฉะนั้นเราใหการทดลอง เขาก็จะทําการทดลองแตถึงแมวาเขาใชหนังสือเรา เขา
ทดลองมาแลวเขาจะไดสํารวจตัวเองวาที่เขาทดลองผานมานี่จะมีอะไรเพิ่มเติมใหเขา
รวมทั้งเทคนิคเอย การสรุปการอภิปรายเอยซึง่ เขาจะนําไปใชใน การสอนของเขาอีกเขาก็
จะไดเพิ่ม

Our curriculum had many hands-on activities, which the teachers would
have opportunities to do. Most curriculum from the private publishers
usually had no hands-on activities. Whether or not the teachers used our
curriculum before, they would have a chance to do the hands-on
activities and we would end up by providing them with explanations.
(Somsri, Interview #1)
Vimon was another professional developer who believed that the teachers might
develop conceptual understanding of the static electricity concept after they did the
activities.
เรื่องเนื้อหาเราไมไดอธิบายลึกมากก็แคอธิบายวามันเกิดจากการขัดสี ครูบางคนที่เคาไม
เขาใจก็อาจจะเขาใจ เพราะเราสอนเคาแบบทีเ่ คาไปสอนเด็กวาการขัดสีเนี่ยมันเกิดนะ แต
วาเกิดเนี่ยมันเกิดประจุไมเหมือนกัน บางอันก็ผลักกัน บางอันก็ดูดกัน คือเราก็ใหเขา
ทดลอง

We did not explain the concept in depth. But, they might understand it
later because we taught them as if they were students. We had them do
the activity and taught them the same way that they had to teach the
students. (Vimon, Interview #2)
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The excerpt above revealed that Vimon selected the hands-on activities because she
believed that these activities might help the teachers to develop better understanding of
the physics concepts that she taught in the PD. In addition, Vimon stated that when the
teachers learned something or enjoyed the activities, they would certainly adopt those
activities into their classrooms.
The activities that work drew on equipment that was available in the classroom.
The professional developers indicated that they selected the PD activities based on the
materials and equipment that were already available in the classroom. Indeed, the
decision of using the activities that needed simple materials occurred before the IPST
Curriculum was even developed. Most of the science activities in the IPST Curriculum
used science equipment commonly found in schools, rather than more expensive and
professional materials. In addition, they also designed the activities that used materials
that the teachers could easily find inside or outside of the schools. During the PD
sessions, the professional developers tried to introduce the teachers to alternative
materials that the teachers could adapt in the science classroom.
Vimon indicated that primary teachers usually ignored teaching science in a way
that aligned with the Standards because they did not have the resources and equipment to
follow the Standards’ suggestions. In addition, it would not be possible for the PD to
provide the equipment and material to all schools across the country. Thus, the PD should
provide the teachers with alternative ways to modify other materials for doing the science
activities. Otherwise, the teachers would not give the students opportunities with handson activities. In the selection of PD activities, Vimon chose activities that only needed
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common equipment. She also provided alternative ideas about adapting other materials to
do the activity.
นาจะชวยใหครูเกิด Idea มากกวาก็คือจะสอนเรื่องนี้ เดี๋ยวนีเ้ ขาใชอุปกรณสื่อตรงนีท
้ ี่เคามี
ในหองไปสอน Idea ที่เขาจะใชอะไรไปสอนใหเขาใจงาย วัสดุที่เราแนะนําเปนวัสดุที่เปน
ทางเลือกมากกวาวาถาไมใชตวั นี้จะใชอะไรไดบาง

We gave them [the teachers] ideas rather than taught them. We
introduced the instructional materials that they could use in the
classroom. (Vimon, Card Sort Activity)
แตตอนกิจกรรมในการทดลองเราคงไมใหครูเขามานั่งทดลองทีละขั้นๆ ถาเรียนเรื่องนี้มี
กิจกรรมอะไรทีน
่ ําไปใชสอนไดบาง แลวสื่อเราจะหาไดจากไหน เชนเม็ดโฟมกับแทงพลา
สติคนี่ราคากี่แสนหาซื้อไดไหม หาไดไมยากใชไหมใหเขาสามารถหาสื่อมาใชไดงายๆ ถา
ไมมี เม็ดโฟมแพงไปหลอดกาแฟไดไหมเศษกระดาษไดไหม แตเศษกระดาษมันก็ดูเชยๆ
เดิมๆ ถามีสีสันหนอยเม็ดโฟมสีเด็กก็สนใจมากขึ้น

We won’t have the teachers spend times in doing the activities. Instead,
we will suggest to them what other activities, besides the activity in the
curriculum that they can adopt into the classrooms. We also introduced
the alternative materials that they can find in their local area to attract the
students’ interest. (Vimon, Interview #1)
Piti indicated that the teachers might not use the sound activity because the
materials in teaching this unit were expensive. Some of the materials also took much time
to prepare. For example, in the activity using the metal string to produce sound, Piti cut
the metal rods of a television antenna and used them as metal strings to teach sound. In
addition, Piti realized that the schools needed to spend a lot of money to buy tuning forks
for each student. Thus, he introduced the teachers to a tuning fork made from a curved
steel rod from a window. Piti demonstrated to teachers how to use this tool instead of the
more scientific tuning fork.
The activities that work were manageable in the PD. The major aspect of
management to which the professional developers referred was the amount and types of
activities that were needed to fit within the PD time restriction. In selecting the activities,
the professional developers chose activities that introduced the science concepts that were
in the Science Education Standards. However, the activities needed to be manageable
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within a limited PD duration. For instance, Somsri selected PD activities from the IPST
Curriculum. She left out the activities that were too simple, or too time consuming.
Sommit mentioned that he would like to add activities about the acid and base
concept if he had a longer PD period. The acid and base concept was included in the
Science Education Standards for the primary level. However, it was very superficial at
the primary level. Thus, Somsri and Sommit left this activity out. However, Sommit
believed that this concept was very important and related to the teachers’ and students’
everyday life. Thus, if he had more time in the PD, it would be a great opportunity for the
teachers to have direct experience with the acid and base activities.
All professional developers indicated that their PD design and implementation
decisions were framed by the time constraints. The professional developers indicated that
they had to design the PD activities to fit within a 3-hour PD session. In addition, the
time restriction was also a major factor of the professional developers in selecting the PD
strategies and managing their PD sessions.
บาง Concept ก็ตองใชเวลาในการเรียนรู ระยะเวลามันจํากัด 3 ชั่วโมง เคมี 3 ชั่วโมง
ฟสิกส 3 ชั่วโมง อีกอยางเราไมจังหวะที่จะไปตามครูทุกกลุมได บางครั้งกลุม
 นี้กําลังทํา
อันนี้อยู อีกกลุมไปแลวผานขัน
้ นั้นไปแลว คอนขางที่จะลําบาก แตเราพยายามที่จะไป
พรอม ๆ กัน

The teachers need to have more time to develop understanding of some
concepts. The 3-hour sessions are not enough. In addition, we couldn’t
closely look at every group because they did not do the same thing at the
same pace, although we tried to have them do it. (Sommit, Interview #1)
อยางเชนเรื่องการแยกสารนะ ก็ไมไดใหเคาทําเพราะเวลาไมมี แตเราก็อธิบายใหเคาทุก
เรื่อง อันไหนทีเ่ ปนเทคนิคเราก็เนนใหเคาแตเคาก็ไมไดลงมือทํา แตกค
็ ิดวาถาเคาลงมือ
จริงๆ มันก็ทําไดเพราะมันไมมอ
ี ะไรยาก แตมน
ั ไมมีโอกาศปอนคําถาม เชน ถาเปนยังงี้จะ
ุ กันเทาที่ควร
ทํายังไง มันไมมีโอกาศไดอภิปราย หรือไดคย

We did not have the teachers do the activity about the separation
technique because we don’t have time. We only told the teachers, but did
not have them to do it. But, I think they can do it anyway even though
we did not have them do it in the PD because this was easy. The problem
was we did not have enough time to talk, discuss, or question. (Somsri,
Interview #2)
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รุนแรกเวลามันสั้นแสดงอะไรใหเขาเห็นไดไมคอยชัดเจนเราตองกระชับขึ้น แตรุนที่ 2 ที่
แสดงใหเขาเห็นถึงกระบวนการการเรียนการสอนที่คอนขางจะเต็มรูปหนึ่งเรือ
่ ง
นอกจากนั้นก็จะใหความรูค
 อนขางจะรวดเร็วเพราะเวลามีแคประมาณ 1 ชั่วโมง ถึงชั่วโมง
นิดๆ

The teachers in the first group did not see everything and we had to make
it short because they had a shorter time than the second group, which we
could show them all the things that we prepared. The first group only had
about an hour for the sound topic. (Piti, Interview #2)
The excerpts above indicate that the professional developers’ decision-making about the
PD strategies and activities were strongly influenced by time. For example, Sommit
indicated that having the teachers do all activities based on their interest solved the
problems with the time constraints. If possible, he wanted to allow the teachers to do and
finish each activity at the same time and discuss the topic as a group similar to Somsri did
in her session. However, the observation of Somsri’s teaching led Sommit decide to keep
his PD strategies as planned because he noticed that there was not enough time for the
teachers to do the activities at the end of the PD curriculum.
The other professional developers exhibited the same concerns over the time
constraint of the session. For instance, Vimon believed that the PD session needed to be
longer than 3 hours to develop the teachers’ knowledge of the discipline. She indicated
that providing activities and having the teachers explore the hands-on activity is at that is
possible for the time duration provided in the PD.
เราไมไดไปลงในเนื้อหามากนักเราแนะนําในเชิงของกิจกรรม แตเรื่องของเนื้อหามันสอน
ในชวงเวลาแคนี้มันไมพออยูแลวหรือเขาอาจจะไมกลาถามเห็นเรารีบ พยายามแนะนํา
กิจกรรมใหกับครู เพื่อที่ใหครูเอาไปใชสอน เพราะวาเทาที่ดค
ู ือพยายามใหกิจกรรมไป
เยอะ ๆ อยางไฟฟาสถิตก็มีหลาย ๆ กิจกรรม

We did not go to the content knowledge but provided ideas and
experiences in hands-on activities. We cannot ensure that the teachers
understand the concepts within 3 hours. Thus, I tried to introduce many
activities to them instead in order to encourage them to implement those
activities with their students. (Vimon, Interview #2)
Sommit revealed that if he had more time or more sessions in the PD, he would
use different PD strategies. As Sommit indicated, a longer period of PD would allow him
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to design his PD session toward problem-based learning or inquiry instruction. It would
also allow him to have time to help the teachers develop an understanding of the scientific
concepts.
เวลามันไมพอ พยายามจะเอามาใสเหมือนกันแตเวลามันไมพอ ในเมื่อมันมีเวลาเปน
ตัวกําหนดเราก็ตองเลือกอันไหนที่ หนึ่งครูเขาจะเรียนรูงายและสองสอนเขาใหเคาเห็น
วิธีการนําเสนอหรือสอนใหเขาสามารถเรียนรูไดถาเขาได อยางเวลาเคาถามเราไมมีจังหวะ
ใหก็คือบางอยางเราไมสามารถตอบไดในชั่วโมงนั้นหรือตัวเองไมมีเวลาที่จะอธิบายไดใน
ชั่วโมงนั้นตองทิ้งทายวาใหไปคน ถามีจังหวะวาชั่วโมงหนาหรือมีเวลามอบหมายไปคน
เปนชิ้นงาน ครูไปคนมาหรือใหเด็กไปคนมาแลวมาอภิปรายรวมกัน นี้ก็นาจะเปนประเด็น
หนึ่งในการเรียนการสอนวิทยาศาสตร หรือถามีเวลามากขึ้นก็สอนโดยใชเทคนิค 5E เต็ม
รูปแบบ กับใชเทคนิค Problem Solving เพื่อใหครูจะมั่นใจในการที่จะทํา lab มากขึ้น อีก
อยางบาง Concept ครูกต
็ องใชเวลาในการเรียนรูดว ย

We were fixed by time to what activities we would use in the PD. These
activities needed to be easy for the teachers to understand. They also
needed to learn how to implement the activities in the classrooms and to
search for the results and knowledge themselves. We did not have time
to answer all of their questions, so we ended up telling them that they
needed to search the answers on their own. However, if we had more
time, we could have the teachers search [for the answers and
information] and come back to share it. We could also model the 5E
model of instruction or problem solving strategy. In addition, the
teachers also need more time to understand some concepts. (Sommit,
Interview #2)
Other aspects of management, including equipment, numbers of PD participants,
and the teachers’ needs, did not affect the professional developer selection of PD
activities. In regard to the number of PD participants, the professional developers
indicated that the PD normally had 100 to 200 PD participants. This PD only had 135 PD
participants, which they believed, would not be a problem for them to manage. The
Kurusapa Business Organization (KBO) provided scientific resources, such as the
materials and equipments for the PD session.
In summary, the findings of this study indicate that the professional developers’
orientations influenced their PD design and implementation. The professional developers’
central goals for PD dominated the PD design and implementation, as demonstrated
during the interviews and during the PD sessions. In addition, the PD design and
216

implementation were also framed by the time restriction. Although the professional
developers had many ideas and strategies that they could adopt in the PD, they believed
that they were forced to select the strategies that fit the time they were allotted.
Assertion 4: The Professional Developers’ PCK for PD Influenced the PD Design and
Implementation.
It is evident that limited knowledge of teachers’ understanding of science
influenced the design of the PD. All of professional developers believed that the PD
teachers had good content knowledge in science because most of them had science
education background. Also, they believed that the content knowledge in primary science
was superficial, which would not lead to any teaching difficulties for the teachers.
Furthermore, the professional developers were not concerned about the teachers’
alternative conceptions in science. When asked about the teachers’ learning difficulties of
the particular topics, the professional developers indicated that the primary science topics
were simple. The teachers, especially these private school teachers, would not have any
problems in understanding the concepts.
เรื่องเสียงเปนเรื่องทีส
่ วนใหญครูมี basic concept อยูแลว ในเรื่องของเนื้อหาเทาทีผ
่ าน
มาไมมีปญหา มีเฉพาะขอสงสัยดานเทคนิคของการใชอุปกรณตางๆเชน เชน ทําไมเอา
แกวมาลองถูใหสั่นแลวมันไมสั่น อันนี้ก็เปนเรื่องของทักษะในการทดลองที่มันมีเทคนิค
เล็กๆนอยๆ อันนั้นก็คุยกันไป สวนใหญแลวเรือ
่ งเนื้อหาไมมีปญหา

The teachers usually have basic concept about the sound topics. The
understanding of the concepts is not a problem, but the teachers don’t
know techniques like why there is no sound when they rub the glass that
was filled with water. (Piti, Interview #2)
Although Vimon mentioned that the teachers might have some misconceptions
about magnetic concepts, she indicated that these misconceptions would not persist after
the teachers finished with the PD activities.
ในเมื่อทําการทดลองไดลองทําดวยตัวเอง ไดเห็น ไดสัมผัสและเกิดการเรียนรูดวยตัวเอง
แลวเคานาจะเขาใจและยอมรับไดวาที่เคยเขาใจมานั้นผิด
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They should change the way they think when they are engage in the
activities because they will do it and see it. Thus, they should realize that
what they know before is wrong. (Vimon, Interview #2)
Vimon, and other professional developers, did not seem to realize that the
teachers might have alternative conceptions that were not scientifically accurate before
they went through the PD sessions and that those misconceptions often persisted and
survived beyond the PD. The unawareness of teachers’ understanding of science led the
professional developers to disregard the redesign the PD curriculum and strategies that
could address the needs of these particular PD participants.
Knowledge of PD strategies also influenced the PD implementation. The
understanding of each phase of the 5E model of instruction led professional developers to
model this teaching strategy to teachers in ways that deviated from the Standards. In
addition, the analysis leaves questions about how well the professional developers
understand the PD strategies they used and the complexity of their knowledge structure.
These factors influenced the professional developers’ implementation. For example,
some professional developers only adopted breadth, but not depth of teaching strategies
during the PD implementation, which might lead to the development of superficial and
disconnected knowledge among teachers.
Their knowledge of assessment had little to no influence on PD design and
implementation. The professional developers were neither concerned about the
assessment of the teachers’ prior knowledge before the PD, nor their learning outcomes at
the end of the PD. The professional developers realized that the assessment of teachers’
learning was important in order to determine whether or not the teachers’ learning really
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occurred. They also indicated that the assessment outcomes would allow them to assess if
the PD was effective, what made it ineffective, and how to address those defects.
ตรงนี้ยังขาดรื่อง feed back ที่จะกลับมาวาเขารูเรื่องจริงหรือไม

We need to have some feed back from teachers about whether or not they
understand or able to use it. (Piti, Interview #2)
ตอบไมไดเพราะเราไมรูวามันสําเร็จแคไหน ยังไงที่ไมรูเพราะเราไมไดตด
ิ ตาม แลวก็เราไมมี
เวลาจะมาคุยกับครูเขาวาพอไหมที่เราใหนี่นะ มันไมมีโอกาสไดคุย

I can’t answer it because I don’t really know how successful we are. We
don’t follow teachers to their schools and observe them. We don’t have
extra time after the session to talk to teachers. (Somsri, Interview #1)
However, the professional developers did not try to integrate assessment within
the PD plan. The professional developers explained that although the assessment was
important, they did not think the PD had enough time to assess the teachers’ learning.
จากปญหาที่บอกคือเนื้อหามันเยอะ เวลามันไมทันถาจะทําอยางนั้นมันตองเพิ่มเวลาเวลา
อบรมตองมากกวานั้น เขาจะมีชั่วโมงวัดผล ซึง่ วัดผลทัว่ ๆไปเปนหลักการวัดผลทั่วๆไปไมได
วัดผลในเนื้อหาที่เราอบรม ไมไดวัด ไมมีโอกาสไดวด
ั เลย

The problem is there are too many contents. We don’t have time if we do
assessment in the PD. IF we want to do it, we have to extend the days.
Actually, we have a session for evaluation, but it is not for assessing
teachers. We just give general assessment knowledge to teachers. (Somsri,
Interview #2)
In addition, they were not certain how to assess the PD teachers when the goal of
the PD was to develop the teachers’ teaching ability. Another professional developer,
Sommit, indicated that it might be difficult to evaluate the teachers immediately at the
end of the PD.
รูปแบบไหนที่จะไปประเมินมันลําบากเหมือนกันที่จะใหครูวามาอบรมแลวประเมินประเมิน
ยังไงกอนเขากลับหรือประเมินหลังจากเขากลับไปแลวจะเอายังไงใหมันมีความยุติธรรมกับ
ทุกคนเพราะฉะนั้นถาเขากลับสงแบบสอบถามไป เราก็ไมรูวา เขาตอบจริงหรือเปลาเขาให
ใครตอบ

It’s difficult to do. We don’t know what assessment format we should do.
Should we do it right after the PD or after they are back to school. And
how will we know if it is fair, how will we know they do the test
themselves or have other people to help them. (Sommit, Interview #2)

219

He believed that the evaluation outcomes might not be accurate because the
teachers needed time to absorb and “transform” what they learned. He believed that this
transformation needed time to occur. The teachers might use their prior knowledge before
the PD to complete the testing rather than the knowledge that they earned from the PD.
Based on these constraints, the professional developers ignored the assessment
process in the PD design and implementation. Instead, the professional developers
assumed that the teachers might not have any misconceptions. In addition, they might
learn something if they did not have any questions at the end of each activity.
ก็เวลาสอนก็จะถามเคาตลอดวาเขาใจหรือไม หรือมีปญหาอะไรมั้ย ก็ไมเห็นมีใครถามอะไร
แลวเคาก็ทํากิจกรรมได ก็แสดงวาเคาเขาใจกันดี อันนี้ก็ไมรูนะ จริงๆ เคาอาจมีไมเขาใจ
เหมือนกัน แตเราไมมีเวลามาวัดผลอะไร ก็ตองยกประโยชนในจําเลยไป

I always ask for their understanding, but I don’t hear any teachers have
problems. I think when they see the results of activity, they will
understand it. I don’t know… I might be wrong. However, I don’t have
time to assess them, so I give them credit by assuming they understand all.
(Vimon, Interview #2)
Summary
The findings discussed in this chapter reveals that the professional developers
displayed multiple orientations. These orientations included activity-driven, didactic, and
pedagogy-driven orientations. The individual professional developer could exhibit more
than one orientation when they designed and implemented the PD. These orientations
within an individual professional could be either consistent or inconsistent when they
taught different topics or lessons. In addition, there is evidence that the orientations that
were found among the professional developers mostly deviated from the reformed
Science Education Standards.
The professional developers seemed to lack PCK for PD, including knowledge of
teachers’ understanding of science, PD strategies, PD curriculum, and assessment of
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teachers’ scientific literacy. The limitation of one type of knowledge affected other types,
including orientations.
The professional developers’ knowledge and orientations influenced their
decisions of selecting PD activities and teaching approaches. The professional developers
implemented their teaching using the activities that work (Appleton, 2003), including (1)
introducing the science content and science teaching strategies that were required by the
Science Education Standards, (2) using activities that were hands-on and fun to do, (3)
using activities that were manageable in the classrooms, and (4) using activities that were
manageable in the PD.
Professional developers’ orientations, PCK, and time constraints influenced their
design and implementation of the PD.
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CHAPTER FIVE: FINDINGS ABOUT ELEMENTARY TEACHERS’
KNOWLEDGE, ORIENTATIONS, AND PRACTICES
I organized this chapter by beginning with a description of classroom
implementation, orientations, and PCK of each of the elementary science teachers,
Manee, Chujai, Jinda, and Wanna. Then, I present the cross-case analysis and assertions
that I developed from the data to address the research questions about the primary science
teachers’ knowledge, orientations, and practices in primary science teaching.
The Individual Cases of Professional Development Participants’ Implementation,
Orientation, and Pedagogical Content Knowledge for Science Teaching
Similar to the previous chapter, I defined central component of orientations as
goals that dominated the primary science teacher participants’ thinking and appeared to
drive their instructional decision-making process. These goals were highly visible during
classroom instruction, the card sort activity, and interviews. I defined peripheral goals as
secondary goals that hardly seemed to influence decision-making. The science teacher
participants might have stated something about these goals, but they were not
demonstrated during the classroom instruction.
Manee’s Implementation, Orientation, and PCK for Science Teaching
Classroom Implementation
The first day that I observed Manee’s classroom, she was going to teach about the
properties of liquid to the 5th grade students. In regard to this lesson, Manee used the
IPST Curriculum and activity worksheet that was included in the curriculum. The activity
that Manee prepared for the students on that day aimed to develop the students’
understanding that liquid has constant mass and volume, but its shape will change by the
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shape of the container. Before the class, Manee prepared needed materials on each table.
She drew a data table on the whiteboard in front of the classroom for the students to put
their observation data. When the students came to science classroom, they were assigned
to sit in groups of six students. Manee reminded the students of previous instruction by
telling them that they had learned about the properties of matter in the solid state in a
previous week and today they were going to learn another state of matter called the liquid
state. Then Manee asked the students to open the activity book and put the date on the top
of the activity sheet. Manee asked the students to look at the materials on the table while
she introduced each material and its function. At the same time, Manee wrote the name of
the materials on the whiteboard. She told the students how she wanted them to do the
activities, to observe, and to record the data in the table. Manee strictly followed the
activity directions in the teacher-guided book. She asked the students not to start doing
the activity when she was explaining to them how to perform the activity, but to carefully
listen to her explanations. Although Manee reviewed the activity directions with the
students before allowing them to do the activity, she manipulated the students’
investigation by telling them to perform the activity step by step following her guidance.
Manee believed that the students learn better when they are engaged in hands-on activity
and see the results of the activity before hearing her instruction.
เด็กเขาจะไดเห็นของจริง สัมผัสของจริง เขาเกิดความสนใจ และเขาสามารถตอบคําถาม
เองได มันเหมือนกับเห็นผลนะคะ บางทีเราใหนักเรียนเรียนแตในหนังสือ โดยที่เราไมมี
อะไรใหเขาเลย เขาก็ไมเห็นของจริง เขาก็นึกภาพไมออกวาผลการทดลองมันตองเปนอยาง
นี้นะ พอเขาทําจริงปุปอยางดึงถุงกระดาษ โอเคมันมีแรงกดนะ เขาก็จะตอบของเขาได โดย
ที่เราไมตองมานั่งพูดมาก ไมตองมานั่งเหมือนครูบอกทุกอยาง เขาเห็นของเขาเอง

Students will see and do activity and then they will have interests about
the activity. They can answer questions because they have that image and
teachers don’t have to tell them everything. If we only tell them or have
them read from a book, they won’t know it because they don’t see it
themselves. (Manee, Interview #1)
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This belief drove Manee’s decisions and actions in her classroom. After she clearly
explained to the students what she wanted them to observe, she provided opportunities
for the students to engage in hands-on activity. Following the instructions about
implementing the activity, Manee prepared many containers for each group of students,
such as a graduated-cylinder, flask, soft drink bottle, and beaker. In order to find the mass
of water, Manee asked students to put a graduated cylinder in a plastic bag and weigh the
cylinder with a balancing scale. Then, Manee told the students to pour colored water into
a graduated cylinder and put it in a plastic bag to weigh water with a balancing scale.
Manee asked students to subtract these two numbers and record on the white board in
front of classroom. Manee told students that they had to subtract the weight of graduated
cylinder and the plastic bag from the weight of water plus the graduated cylinder plus the
plastic bag because they needed to find out the weight of water only.
Manee then organized the students to do the next activity, which aimed to find
that the volume of liquid is constant, no matter what shape the liquid takes. Manee had
students pour colored water from a beaker into a cylinder until the volume was 25
milliliters (ml). Manee waited until every group finished this process and then asked each
group to put the volume of the water on the board. Then, Manee told the students to pour
the water from the cylinder into a flask, from the flask to a glass, and from the glass to a
beaker. Finally, Manee asked students to pour the water in the beaker back into a cylinder
and read the volume of the water. Manee told the students to put the resulting volume on
the board. While the students were doing the activity Manee traveled from group to group
to observe the students’ investigation. She told the students to redo the activity again
when the students did not see the expected results. During the activity, Manee continually
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reminded the students to use the materials scientifically correctly. For example, Manee
warned students to put the graduated cylinder on a table, make their eyes at the same
level of water in the cylinder, and then read the number. During the activity, Manee asked
students to write their observation data on the board in front of the classroom. When
students finished the activity, Manee asked them to open their activity book and look at
their observation sheet. Manee asked the students to enter the data from their observation
onto the observation sheet. Rather than asking the students why they did not have the
same weight of water, Manee directly told the students that “each group might not have
the same volume of water because you used different graduated cylinders and they were
made from different materials” (Manee, Classroom observation). In regards to the second
activity focused on finding the volume of water, Manee asked students whether or not the
volume of water changed after students poured the water from a cylinder to several
containers and back to the cylinder again.
Manee:
Students:
Manee:
Students:
Manee:

Why did the volume of water of some groups decrease?
Water is left.
Where is water left?
In the containers.
Yes, some groups had volume of water less than the
beginning because there is some water left in each container.
Manee:
Can the volume of water increase?
Students: No.
Manee:
If volume of water increases, that means you added some
water in the cylinder.
Manee:
O.K. Copy what I just said on your worksheet.
(Manee, Classroom Observation)
It was during the time that the students were putting data on the worksheet that they
asked Manee what the unit they should use to represent the amount of liquid because they
saw the milliliter (ml) on the graduated cylinder, but cubic centimeter (cm3) on the
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activity worksheet. To response to the students’ question, Manee had the students change
the words ‘cubic centimeter’ to ‘milliliter’ without any explanation for the change.
Then Manee demonstrated the next activity to students. This activity aimed to develop
students’ understanding that the shape of water is changeable. Manee asked students to
observe the shape of colored water in a soft drink bottle and then she poured water into a
flask. Manee asked students to observe shape of the water in the flask before she poured
the water into a beaker. Then, she asked students what shape the water looked like when
it was in the soft drink bottle, flask, and beaker. Manee instructed the students to write
the property of liquid in terms of its shape on the worksheet. During the conclusion step,
Manee told students to write the conclusion following what she told them. At the same
time, she wrote the conclusion on the whiteboard for the students to copy onto their
observation sheet.
It appeared that Manee rarely provided opportunities for the students to formulate
their own explanation using their observation data. Manee’s questions did not challenge
the students to develop critical thinking, but focused them on telling the facts. Manee
ignored the wrong answers of the students many times. She only asked the students who
were able to give the right answer to restate their answer for the students in the class.
In the next science class, Manee introduced the properties of gas. She wanted the
students to understand that gas has mass, but its volume and shape will change by the
container. Manee used similar teaching strategies that she used in teaching the properties
of liquid. She started by reminding the students that they had already learned the
properties of matter in solid and liquid states. She introduced each material that students
had to use in the activity and wrote the names of materials on the board. Manee

226

overviewed the activity directions and directed the students to perform the activity stepby-step following her guidance. Similar to the activity on properties of liquid, Manee
used the IPST Curriculum and observation sheet. She strictly followed the activity
instructions. Students followed Manee’s directions even though they found that Manee
misunderstood the activity directions. For example, in the activity that aims to introduce
the concept that the volume of gas is changeable, the activity directions indicated that
students had to get air into a syringe, plug the end of syringe, press the stalk of the
syringe, and then read volume. Then students had to release the hand that pressed the
stalk of the syringe and read the volume again. Instead of having students follow these
steps, Manee told the students to unplug the end of syringe and read the volume. The
students seemed to be puzzled, but followed what Manee told them to do. Manee got
through this activity very quickly even though she realized that the students still did not
understand this concept.
After doing all of the activities, Manee asked the students several questions that
focused on facts rather than challenging the students to think about what they found out
from the activities. Although Manee provided opportunities for the students to discuss
their findings with their peers, she only allowed 1-2 minutes for the students to discuss.
Manee did not encourage the students to show their ideas. Manee asked the students to
copy her words onto their observation sheet. Manee wrote the conclusion on the
whiteboard for the students to copy down on their observation sheet.
Another science lesson that I observed Manee teaching was a Sound Lesson. The
activities that Manee provided for students included making sound from different
materials, such as a brandy glass, a plastic straw, and two tendon strings that were pulled
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tight liked guitar strings. According to the brandy glass activity, students were asked to
pour 50 ml into a glass and rub the glass to make sound. Manee asked students to observe
water in the glass. According to the plastic straw activity, Manee asked students to cut
one end of the straw to a “V” shape. At the beginning, Manee asked students to blow the
end of the straw that had not been cut. However, students told her that the direction stated
to blow at the other end. Manee went back to check the teachers guidebook and found
that she misunderstood the activity direction. Then Manee asked the students to blow at
the end that had the “V” shape and observe what happened after blowing the straw.
Manee provided a new straw to each student and asked the students to cut the new straw
shorter than the first one. Manee asked students to compare sounds from the two straws.
Manee had only one kit for the tendon string activity. Thus, she took this kit to each
group of students and asked them to play on the thick string and thin string. Again,
Manee asked students to compare the sound from the two strings. To teach this lesson,
Manee still used the same teaching strategies as when she taught the lesson on properties
of matter. Manee still directed students to do activities, fill in activity results on the
observation sheet, and copy explanations and conclusions from the whiteboard onto their
worksheet.
The next day, Manee showed a guitar to students. She played the guitar by
making sound from the thinnest string. Manee asked the students how they liked the
sound. Then she played the guitar again, but made sound from the thickest string and then
she asked students to compare the sounds they had heard. Then, Manee focused students
on the concept on pitch.
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Manee:

We learned yesterday that sound is made by the vibration
of …
Students: Objects.
Manee:
Or sources.
Manee:
Today I bring a guitar. Does each guitar string have the same
size?
Students: No.
Manee:
The strings of guitar are similar to the tendon strings that we
played yesterday. Do you remember?
Students: Yes.
Manee:
If I play the thickest string of guitar, the sound will be …
Students: Low tone.
Manee:
If I play the thinnest string on the guitar, the sound will
be …
Students: High tone.
(Manee, Classroom Observation)
Then, Manee had the students develop their own concept map about sound.
However, Manee continued to direct the students while they developed the concept map.
She wrote a format of the concept map on the whiteboard for the students. She asked the
students to write the statement “the musical instruments make sound” in the middle of a
page. Then she had the students put glue on pictures of musical instruments that they
brought to the class. Manee had students draw a line to link between the pictures and the
statement above. Then she asked the students to write near the pictures about the action
that students had to do with those instruments to make sound. Manee urged the students
to color their concept maps. It seemed that Manee did not use the concept map for the
benefit of observing how the students scientifically understood the concept of sound.
Manee focused on the artistic work rather than the students’ conceptual understanding on
this topic. When the students did not make their map colorful, she asked the students
whether or not they wanted to redo their map -- otherwise they would not get a good
score on their map.
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Teaching Orientation
Figure 15 represents my analysis of Manee’s orientation. The data from the
interviews, card sort activity, and classroom observations with Manee indicated that her
orientation to primary science teaching consisted of two central goals and three peripheral
goals. Manee’s central goals for teaching primary science were to 1) develop students’
accurate science content knowledge, and 2) develop students’ laboratory skills. Manee’s
peripheral goals for primary science teaching were to 1) prepare students for higher
science education, 2) help the students capably apply science knowledge and process
skills to everyday life, and 3) develop students’ positive attitudes toward science.
วิทยาศาสตรมน
ั มีกระบวนการทางวิทยคะ มันเริ่มจากการที่เด็กเขาไดสังเกตพอเด็กเขา
สังเกตอะไรหลาย ๆ อยางมันเหมือนกับเขาเริ่มมีปญหาอยากถาม อยากรู อยากทดลอง ซึง่
ความรูแ
 ละกระบวนการพวกนีม
้ ันเปนพื้นฐานที่เขาจะตองเอาไปใชในอนาคต สวนมากวิชา
วิทยาศาสตร มันสิ่งรอบตัวคะ ที่เขานาจะรูแลวก็สามารถเอาไปใชในชีวิตประจําวันได

Science is a subject of process. Students have to learn how to make
observations, set a problem, investigate, and develop knowledge. These
are fundamental features for students to learn science in the future.
Science is about phenomena around them so they should be able to apply
knowledge of science to their life. (Manee, Interview #1)
In order to develop students’ content knowledge in science, Manee exposed
students to the manipulative activities. Students were obliged to follow her directions
step-by-step in order to move at the same pace and see the expected results. Manee asked
students to repeat the activity again if they did not achieve the anticipated results. At the
end of the activity Manee provided results and conclusions for the students because she
wanted to ensure that every student understood the same thing. It is evident that this goal
influenced her teaching when she mentioned that students should have opportunities to do
hands-on activities and after that the teacher could provide them with the correct
information or factual knowledge.
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Figure 15. Manee’s Goals for Primary Science Teaching
Develop Positive Attitude
toward Science to Students
•

Provide easy and fun activities

Prepare Students for
Higher Science Education
Develop Science Content
Understanding

•
•
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•

to

Develop Laboratory Skills
•
•
•

= central goals;

Provide clear steps to students
before doing activities
Expose students to
manipulative activities
Direct students during the
activity

= peripheral goals

Provide extra class to lecture
and wrap-up concepts
Provide verbal and written
activity results and conclusions
Provide content knowledge to
students

Apply Knowledge to Real-Life
•

Give correct terminology and
make connection between
classroom and phenomena

เด็กทําการทดลองเสร็จก็มีการทบทวนความรู โดยครูมาทบทวนเนื้อหาให เราก็ตองมีการ
ทบทวนเนื้อหาเหมือนกับย้ําอีกครั้งหนึ่งอธิบายเขาอีกครั้งหนึ่งใหเขาเขาใจมากยิ่งขึ้น

After students finish an activity, teacher will give content to them. It is
like repeating to them again in order to help them understand the concept.
(Manee, Interview #1)
Manee’s other central goal for teaching science was to develop students’
laboratory skills. In order to meet this goal, Manee introduced each material before
students did the activity. She explained the function of the materials and demonstrated
how to use them. During the activity, Manee walked around to each group and warned
students to use the scientific materials correctly.
In regards to Manee’s peripheral goals, Manee reflected on scenario three (as
shown in Table 11). She stated that she selected fun and easy-to-do activities for her
students because she wanted them to enjoy learning science. In order to help students
apply their knowledge to phenomena, Manee indicated that she used a concept mapping
technique. This helped students understand how the musical instruments make sound.
จริง ๆ แลวเรื่องเสียงเปนสิ่งทีเ่ ขาไดยินมาตั้งแตเด็ก แตเขาไมรูวาความหมายของเสียงมัน
คืออะไร เกิดขึ้นไดอยางไร เขาก็ตองรู อีกอยางหนึ่งก็คือวาเด็กโรงเรียนเราเรียนวงโยฯ กัน
เยอะเขาก็คลุกคลีเรื่องเครื่องดนตรีอยูแลว มันอยูในชีวต
ิ ประจําวันของเขาอยูแลว เสร็จ
กิจกรรมนี้ก็อาจใหเคาทํา concept map เพื่อรูวาเครื่องดนตรีแตละชนิดมันทําใหเกิดเสียง
ไดอยางไร

Students hear sound since they were born, thus, it’s very closed to them.
But, they don’t know about it yet. In addition, many students join the
school band and they have music class. So, it is the phenomenon that they
experience everyday. After the activities, I will have them do the concept
map so they will know how each musical instrument makes sound.
(Manee, Interview #1)
Table 12 shows Manee’s arrangement of and reflection on the orientation
scenarios that she chose to represent her views of teaching science.
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Table 12
Manee’s Arrangement and Interpretation of the Card-Sort Scenarios
Items
3

Scenarios
You, as a teacher, set up classroom lessons
for a unit on heat conduction. Using
resource elementary books, you select a
variety of fun, and easy-to-do activities.
(activity-driven)

Manee’s Interpretations
“I select activities from many resources, not only
from the IPST Curriculum. I will select an
activity that is appropriate for students in terms
of age and ability. And the activities have to be
fun so students will not get bored. Students love
to do fun things so if I have them do a hands-on
activity, they will really enjoy it.” (activitydriven)

13

Your students are intrigued with a Thai flute
that a classmate has brought to school. As a
group, the students identify questions and
ways to explore how the flute works. You
help the students organize into investigation
teams, and you investigate along with the
students. (guided inquiry)

“I agree with this scenario but the Thai flute may
not be a good example for teaching this concept.
I will use other instruments, such as a guitar
because I think students can easily see the guitar
strings vibrate.” (activity-driven)

11

You, as a teacher, begin a unit on Sound by
introducing curriculum, explaining
materials, allowing students doing
activities, and you explaining the concepts
at the end of activities. (didactic)

“I do it sometime. I explain about the materials
and directions to students before they do the
activity because some students don’t understand
what they have to do. If the activity is easy, I will
manipulate them to the give me the right answer
about how the activity should work. But, if the
activity is difficult or the result is not clear, I will
explain to students prior to the activity about
what they have to observe.” (didactic)

15

You, as a teacher, have students observe a
music instrument and generate questions
about how sound is produced. Each group
designs and carries out their own
experiment to test a hypothesis related to
the group’s questions. (inquiry)

“We may use other materials, such as a bottle
instead of musical instruments. In general, I don’t
have students design their own experiment. But, I
ask them to follow the directions in the activity
book.” (activity-driven)

10

You, as a teacher, want students to learn the
heat conduction. You decide to ask your
students to observe and record about the
material used for cooking utensil. Then you
and students design an activity around the
question, “What are the best materials in
making cooking utensils. (project-based
science)

“If I teach this concept, I will do the same thing.
But, our students don’t have to design the activity
because we have a heat conduction kit. My
school bought this kit last year. So, every group
will do the experiment with this kit.” (activitydriven)

4

When doing laboratory activities, you
provide students with clear, easy following,
step-by-step directions for the activity
procedure. (activity-driven)

“I agree with this scenario because it stated that
teachers provide clear steps of the activity to
students. I do this too, because if we provide a
clear explanation to the students and have them
follow the steps when doing the activity, it will
make them understand it better.” (activity-driven)
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In addition to the goal of teaching science in terms of developing students’
content knowledge, Manee demonstrated a didactic orientation when she was engaged in
the card sort activity. Manee indicated that the teaching strategies in scenario 11 were
parallel to her strategies in teaching science. At first, Manee put this scenario in the
“can’t decide” group because she indicated that she did not directly provide an
explanation of the activity results to the students every time. If she noticed that the
activity was not too difficult for the students to understand, she would just ask them
questions that guided them to the correct answers.
เปนบางครั้งคะ ถากิจกรรมที่งา ยๆ เราก็ถามเด็กแลวตะลอมเขามาวาผลการทดลองเปน
อยางนี้นะ

If the activity is easy, I will manipulate them to the give me the right
answer about how the activity should work. (Manee, Card Sort Activity)
However, if the activity was too abstract for the students, she had to explain or
guide them about where and what to observe before letting the students do the activities.
บางครั้งก็ตองอธิบายเคากอน ไมใชใหเคาทําเลย เพราะบางทีเคาก็ไมเขาใจ บางการ
ทดลองมันยาก เราตองอธิบายกอนแลวคอยใหนักเรียนสังเกตผลวาเปนยังไงเพราะบางที
การทดลองมันก็ไมชัดเจน เราก็ตองบอกเด็กวาตองสังเกตตรงไหน เชนเรื่องปริมาตรของ
แกส เพราะเด็กบางคนถาไมบอกเคาก็จะไมสนใจ เลนสนุกไปอยางนั้น แตพอสังเกต เคาก็
จะเห็นวาเปนจริง

But, if the activity is difficult or the result is not clear, I will explain to
students prior to the activity about what they have to observe. Sometimes
we have to explain to the students first; otherwise they are not able to do it
[the activity]. We have to tell them the results and then let them see it
through the activity. Otherwise, they will just do it for fun and won’t get
anything out of it. (Manee, Card Sort Activity)
However, during the observation of her teaching, I found that Manee manipulated
students to the answers that she expected to hear. In addition, she copied the answer from
the teacher-guided book to the whiteboard for her students to copy onto their worksheet.
During the second interview, Manee was asked that why she had to write the information,
such as activity results, and conclusion on the whiteboard. Manee explained that:
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จริง ๆ ตองมีการชวยกันในกลุม
 กอน เขาชวยกันแลวเขาชวยเราตอบรวมการอภิปราย เราก็
ชวยกันเขียนลงไปในใบบันทึกกิจกรรม เพื่อใหได concept ที่ดท
ี ี่สด
ุ และถูกตอง ถาบางที
เราไมชวยกัน เด็กบางคนเขาก็จะคิดเกิน หรือไมตรงประเด็นเราก็ตองตีกรอบใหเขาเขามา
หนอย เราก็ตองอธิบายเพิ่มเติม แลวก็คอย ๆ ใหเขามาใหตรงคําตอบ ที่มันควรจะเปนมาก
ุ
ที่สด

Actually they need to work in a group and then discuss as a whole class.
Then, we need to tell them what to write on the observation sheet in order
to have the correct concept. If we don’t do that some students like to think
other things that are not right. So, we have to frame them by giving them
some information and then leading them to the right answer as much as
possible. (Manee, Interview #2)
Thus, Manee put scenario 11 in the “like me” group when she was asked to reconsider
the groups and order of the cards during the second card sort activity. She indicated the
teaching strategies in this scenario were close to her teaching style. By writing everything
on the board, Manee could ensure that every student would have the right answer and
factual knowledge. In addition, Manee also explained the reasons for having students
engage in the hands-on activities, following the activity directions and progressing
through the activity one step at a time. Manee indicated that:
การอธิบายขั้นตอนใหนักเรียนอยางชัดเจน และใหเคาทําการทดลองเปนขั้นเปนตอนจะทํา
ใหเคาเขาใจไดงาย

If we provide a clear explanation to the students and have them follow the
steps when doing the activity, it will make them understand it better.
(Manee, Card Sort Activity)
Manee’s didactic orientation appeared again when she reflected on scenario 2. Manee put
the scenario 2 in the “not like me” group very quickly. She indicated that she did not
agree with the strategies in this scenario. She thought, in teaching the electricity lesson
that the teachers had to instruct the students prior to having the students do the activity.
During instruction, she would explain about the circuit and components of simple
circuits. Then, she would direct students to make different types of circuits following her
instructions.
ไมเห็นดวย ตองเริ่มสอนกอน ตองใหเคารูกอนจริงๆแลวเรื่องวงจรไฟฟาเราตองอธิบายเคา
กอนเพราะวาอยางการตอวงจรไฟฟาอยางงายตองมีอุปกรณ 3 ชนิด ถาเราไมบอกเคากอน
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เคาไมรูเรื่องเลย เคาก็ไมสามารถตอได ตองสอนเคากอนวาอยางงายมี 3 ชนิดแลวใหเคา
ลองตอไปเรื่อยๆ แตละแบบ แบบอนุกรม แบบขนาน อาจจะถามเคากอนวาอุปกรณไฟฟามี
อะไรบาง แลวรูห
 รือไมวาวงจรไฟฟาเคาตอกันยังไง

I don’t agree with this card. I think we have to begin with giving them
instruction about circuits. We need to explain to them that simple circuits
consist of three components. Students don’t know it before they come to
class. So, we need to tell them. Otherwise, they won’t be able to make a
circuit. We have to have students make each type of circuit under a
teacher’s guidance, step-by-step. And we can ask them some questions to
make sure that they understand about circuits. (Manee, Card Sort Activity)
When asked about having the students share their experiences and knowledge about
electricity, Manee stated that the teacher might ask students whether or not they know
what the circuit is. Manee also viewed having students express their ideas about this topic
in terms of application of knowledge in this concept rather than the main idea of the
concept.
ถามเคาก็ได ลองใหเคาตอบดูวาอุปกรณไฟฟามีอะไรบาง แลวรูมย
ั้ วาวงจรไฟฟาเคาตอกัน
ยังไง

Yes, I may ask them whether or not they know what electrical devices
they have in their house. Or, do they want to know how the circuit works.
(Manee, Card Sort Activity)
The excerpt demonstrates that although Manee provided opportunities for the students to
participate in the hands-on activity, she believed it was her responsibility to develop
students’ learning rather than believing that the students were responsible for their own
learning.
Also, Manee indicated that scenario 3 was parallel to her planning when teaching
a lesson. Manee explained that she did not design her own curriculum. Rather, she mainly
used the IPST Curriculum in her classroom. In addition, Manee also looked for activities
from other resources that were fun and developed students’ understanding of the desired
concept. Manee indicated that she did not have to worry about lacking materials because
her school bought all the necessary materials for doing science activities. She usually
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used the manipulative activity kits that were designed for a particular activity. Although
she put scenario 10 in a group that represented her teaching style, Manee indicated that
she did not provide opportunities for the students to design and carry out their own
experiments. Rather, she gave the materials to each group of students and assigned them
to do the activity following the directions in a book or her guidance.
เด็กไมไดออกแบบการทดลองเอง เพราะเรามีอุปกรณให อยางเรื่องการถายโอนความรอน
เราก็มีชุดถายโอนความรอนใหเด็กไดทดลอง เราก็เลยไมไดใหเด็กทําตรงนี้ แตเราจะหา
กิจกรรมอื่นๆ นอกเหนือจากกิจกรรมของ สสวท. มาเสริมใหนักเรียน

The students don’t design their own experiment because we have materials
for them. For example, to learn about heat conduction, we have the heat
conduction kit for each group of students. However, sometimes we find
additional activities from other resources for the students. (Manee, Card
Sort Activity)
Although scenario 13 represented a guided-inquiry orientation, the way that
Manee interpreted this scenario was not close to this orientation, but was representative
of a didactic orientation. Based on the observation of her teaching, Manee brought a
guitar to demonstrate to students how each string of a guitar makes sound differently.
However, it is evident that the strategy she used with students deviated from the strategy
stated in scenario 13. Manee did not have students identify questions and ways to explore
how the guitar works. Manee used a guitar in order to summarize with students about the
pitch concept. According to the dialogue between Manee and her students (see p. 228), it
is evident that the questions Manee asked her students focused on factual knowledge
rather than conceptual knowledge. Furthermore, although Manee arranged scenario 4 last
among those that represented her teaching strategies, it is evident that she frequently used
the strategies in scenario 4 more than the strategies stated in many scenarios that she
placed before this scenario.
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As Manee reflected on scenarios 10 and 15, she said that she did not allow
students to design or control their own investigations. Manee preferred to use
manipulative activity kits with her students for doing science activities. As Manee
reflected on scenario 16, she said that she did not agree in putting materials at the back of
classroom and having students explore independently.
อันนี้ไมเห็นดวยเลยคะ เพราะมันจะวุนวายไปหมด คุมอะไรไมได เพราะเด็กเคายังเล็กเคาก็
จะเลนอะไรเปะปะไป เราจะแจกอุปกรณใหเลย เอาวางไวที่โตะแลวก็ใหเคาทดลองกันที่
โตะ

I don’t like this one because it will be uncontrolled. Students are too
young to control themselves so they will play around and learn nothing. I
will put materials on their table and have them do it at their table. (Manee,
Card Sort Activity)
This excerpt confirmed that Manee did not display guided-inquiry or inquiry orientations.
In summary, Manee displayed a didactic orientation about primary science
teaching. Manee displayed a didactic orientation in terms of believing that science is
composed of factual knowledge that can be transferred from the teacher to the student by
telling, lecturing, and giving the right answer. Furthermore, she also demonstrated her
belief that there is only one right answer for each question. Thus, Manee asked students
to repeat the activity when they did not have similar results to the teacher guidebook. She
also had an activity-driven orientation in that she believed that the students should have
the opportunity to participate in hands-on activities. Based on the observation of her
teaching, Manee paid less attention to whether or not the activities helped the students to
develop understanding of the concepts that were taught. Although Manee stated that
students would learn science when they visualized the results of the activities, it was
more likely that the students would memorize the activities rather than understand the
concept from the activities. When the students were doing the activity, Manee expected
the students to see what she intended and to have correct answers rather than focusing on
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students’ ideas and thinking. Manee did not demonstrate guided inquiry, inquiry, or
project-based orientations although she sorted the scenarios that represented these
orientations into piles that would indicate she held those orientations. It was evident that
her didactic and activity-driven orientations influenced her interpretation of these
scenarios.
PCK for Primary Science Teaching
Knowledge of students’ understanding of science. Manee indicated that in order to
help students understand science concepts, such as sound and states of matter, she would
allow students to do activities to learn some ideas about those concepts. Then, she would
ask questions to the students to help them relate the activity results to science concepts.
Manee exhibited understanding about the differing ability levels of students with regard
to learning. She indicated that some students liked to think over the main point while
others chose not to hit the main ideas. Thus, she had to provide guidance and direct them
to get close to the right answer as much as possible.
ในการสอนเนนใหเด็กทํากิจกรรม ทําการทดลอง ถามตอบในหองโดยการถามแลวให
นักเรียนตอบหรือวาตอบคําถามในใบกิจกรรม แตมันก็มีเด็กบางคนเขาก็จะคิดเกิน หรือไม
ตรงประเด็นเราก็ตองตีกรอบใหเขาเขามาหนอย คือถาเขาเขาใจ แคนี้เราก็ตองอธิบาย
เพิ่มเติม แลวก็คอย ๆ ใหเขามาใหตรงคําตอบ ที่มันควรจะเปนมากทีส
่ ุดโดยที่เราไมพูดกอน

I will teach by having students do activities. I will question them and see
their responses. They also have to work on the activity sheet that I give to
them. At the end, I will provide the correct answers and knowledge to the
students because some students like to think differently than what we
expect. So, I have to manipulate them to have the right answer. (Manee,
Interview #2)
In the sound lesson, Manee indicated that the frequency concept was the most
difficult concept for students to learn. She stated that the students got confused with
terminology about this concept.
ความถี่เสียง เหมือนกับเด็กเขาไมคอยเขาใจวาความถี่เสียงมันเกิดขึ้นไดยังไง ความหมาย
มันคืออะไร แตถาเสียงสูง เสียงต่ํา เสียงแหลม เสียงทุม เขารูเพราะเขาเคยไดยินประจําอยู

239

แลว แตความถีเ่ สียงมันเปนเหมือนกับศัพทคอ
 นขางยาก ถาพูดถึงเด็กนะคะ เคาก็จะ
คอนขางงง แตถาเด็กคนไหนคอนขางพรอมเขาก็จะได

Students don’t seem to understand what frequency is. They can understand
about pitch because they hear it everyday. But, the terminology of
frequency is difficult for students to understand. They get confused at the
beginning. However, students who are good in science won’t have
problems with it. (Manee, Interview #1)
Manee indicated that in order to help students understand this concept, she prepared
many activities for students including the “ruler activity” that she learned from the PD.
Then, she helped students answer questions on a worksheet and provided an explanation
about the concept to the students at the end.
ก็ตองมีการทดลองคะ จําไมไดเหมือนกัน เรื่องความถี่เสียงก็มีหลายกิจกรรมที่เคยก็การดีด
ไมบรรทัดก็ดว ย ในแบบบันทึกกิจกรรมที่ของ สสวท.แลวก็มีการตอบคําถาม มีแบบทดสอบ
ทายหนวย เขาตองสามารถตอบคําถามได เราก็อธิบายเคาเพิ่มเติม

I am sure that I have students do activities, but I don’t remember what
they are. One of them is a ruler activity in IPST Curriculum. After the
activity, I have students work on the worksheet and I provide
explanations. (Manee, Interview #1)
When asked about the students’ difficulties about the concept of states of matter, Manee
indicated that most students did not have difficulties understanding about solid, liquid,
and gas. However, students might get confused about the state of some matter, such as
jelly.
ไมยากนะคะ เคาคอนขางที่จะเขาใจแตสารบางอยางเขาจะงงเหมือนเยลลี่ มันกึ่งๆ เขาจะ
ถามวามันคืออะไร

The concept on states of matter is not difficult. Students can understand it.
However, some objects, such as jelly, cause confusion because it is very
difficult to identify. (Manee, Interview #1)
Manee indicated that she helped students to overcome this confusing by giving them the
answer. However, she was not sure whether or not her answer was correct.
จริง ๆ แลวถาเยลลี่เราบอกเขาวามันเปนของแข็งนะ ก็ตอบเคาบอกวามันกึง่ ของแข็งและ
ของเหลว ก็ไมรูเหมือนกันคะวาจะตอบเคายังไง (หัวเราะ) เขาจะเขาใจกันวาของแข็งคือ
ของที่แข็งอยางเดียว ถานิม
่ ๆ ไมใชของแข็ง เขาจะเขาใจอยางนี้มาตั้งแตตน เพราะเยลลี่
มันไมแข็งมันนิม
่ มันหนัก หรือเปลายังไมรูเลย ลองดูซิ ถาสมมุตวิ าเอาถุงมือหลาย ๆ ใบมา
ซอนกันแลวหนักไหม แสดงวามันมีมวลมันมีนา้ํ หนัก ก็ตองคอย ๆ ไปทีละนิดละหนอย
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I tell them directly that it is in solid state. But, I told them that it looks in
between solid and liquid. I really don’t know actually (laughing). Students
will understand that objects that are in solid state will be hard. If it soft, it
is not solid. These are their understanding. And then jelly isn’t hard, but
it’s soft. Doesn’t it have mass? Students don’t know that. So, I have to tell
them think about gloves. One pair of gloves might not weight a lot, but
many pairs of glove do. So, we have to help them think. (Manee,
Interview #1)
The excerpt above reveals that Manee had limited knowledge on states of matter, which
linked to her limited use of an analogy to help students’ comprehension of this
knowledge. In addition, her didactic orientation drove her decision to provide the answer
to students.
In addition, it is evident that Manee displayed limited knowledge on learning
processes--that prior knowledge of learners influence learning. When reading scenario 1,
Manee quickly put this scenario in the “not like me” group. She explained that the
students should have directed hands-on experience. Manee did not agree to have the
students draw a picture of sugar in water when they could actually do it. When she was
asked about using this activity as an engagement activity in order to explore students’
thinking, Manee replied that:
Manee:

ไมเห็นดวย ควรใหเคาเห็นของจริงดีกวา เอาของจริงมาใหนก
ั เรียนดูเลย
ดีกวา เพราะถาวาดรูปเคาก็ไมทราบหรอก ถาเห็นของจริงนาจะเขาใจ

No, I think we should let the students see it for real. They
can’t understand when drawing, they have to see it. It is not
difficult at all to find sugar and water.
I:

ถาใชเปนกิจกรรมกอนเขาสูบทเรียนเรื่องการละลายเพื่อดูความคิดเคาละ

How about using this activity prior to the dissolution lesson in
order to see the students’ thought?
Manee:

ของจริงเลยดีกวา ทําใหเห็นเลยดีกวา

I still think we should let them do it, have them observe it for
real.
(Manee, Card Sort Activity)
This dialogue reveals that Manee did not demonstrate an awareness of students’ prior
knowledge, and the importance of knowing students’ thinking. Manee paid more
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attention to students’ performing the activities than what and how they were thinking
about the events.
Based on Manee’s explanation of students’ learning and understanding of science,
she believed that hands-on activity might initiate students’ ideas, but learning occurs
when the teacher transmits correct knowledge to students. When transferring knowledge
to students, Manee did not anticipate students’ misconceptions on sound or states of
matter concepts. Rather, she believed that students would develop correct understanding
on those concepts after they listened to her explanation.
Knowledge of science teaching strategies. Based on Manee’s reflection of the
card sort scenarios, she believed that science teachers should provide opportunities for
students to do activities. Teacher’s decision on providing an overview of activity
directions and anticipating results to students prior or after the activity depended on the
level of difficulty of concepts and activities. For example, during the cart sort activity,
Manee indicated that when teaching electricity to students, she preferred to give
knowledge about circuits to students before having them to do the activity.
บางครั้งก็ตองอธิบายเคากอน ไมใชใหเคาทําเลย เพราะบางทีเคาก็ไมเขาใจ บางการ
ทดลองมันยาก เราตองอธิบายกอนแลวคอยใหนักเรียนสังเกตผลวาเปนยังไงเพราะบางที
การทดลองมันก็ไมชัดเจน เราก็ตองบอกเด็กวาตองสังเกตตรงไหน

I need to explain activity directions and activity results to students before
allowing them to do the activity. The activities about circuits and
electricity are difficult and the results sometimes are not clear. So I have to
tell my students what will happen and where to observe. (Manee, Card
Sort Activity)
Observations of Manee’s teaching revealed that she had limited knowledge of
ways to represent and knowledge of the strategies to help them comprehend the specific
concepts or relationships. As mentioned in the section on classroom implementation,
Manee demonstrated misunderstanding about the procedure and the purposes of activities
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many times. In addition, she did not demonstrate her appreciation about the selection of
activities that could help students to comprehend the difficult concepts, such as
frequency.
จําไมไดเหมือนกัน เรื่องความถีเ่ สียงก็มีหลายกิจกรรมที่เคยก็การดีดไมบรรทัดก็ดวย แตจาํ
ไมไดวามีกิจกรรมอะไรบาง เด็กเคาก็ไดทําบาง แตจริงๆ เราก็อาศัยอธิบายเคาวาความถี่มัน
คืออะไร

I don’t remember what activities about the frequency topic that I provided
for students last year. But, one of them was a ruler activity that is in IPST
Curriculum. In general, I have students to do activities. But, to help them
understand the concept, I will give explanations to them. (Manee,
Interview #1)
This excerpt reveals that Manee believed that explanation from teachers was the best way
to help students understand the concept.
Knowledge of science curriculum. Manee displayed her understanding about the
reformed science curriculum. Manee explained that the new curriculum contained more
activities than the previous one. The reformed curriculum focused on students having
hands-on experience. The hands-on experiences were designed to help students find
information and knowledge in order to explain the phenomenon. In regards to the new
curriculum, teachers needed to get student involved in learning by doing activity and
develop their own explanation without teacher direction.
หลักสูตรนี้เคาใหเด็กไดเห็นของจริง สัมผัสของจริง เขาเกิดความสนใจ และเขาสามารถ
ตอบคําถามเองได มันเหมือนกับเห็นผลนะคะ เขาก็จะตอบของเขาได โดยที่เราไมตองมา
นั่งพูดมาก ไมตองมานั่งเหมือนครูบอกทุกอยาง เขาเห็นของเขาเอง

This curriculum provides opportunities for students to have real
experiences from investigations. Students have to be able to develop their
own explanation. I see that they can do it because they have direct
experience from the activity, seeing the result. So, teachers don’t have to
tell them everything. (Manee, Interview #2)
Manee also indicated that the activities in this curriculum were clear in terms of process
and results. This aspect of the curriculum made it easy for students to follow and
understand the lesson. In addition, compared to the previous curriculum where all grades
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had to study light and sound, these concepts were clearly separated in this curriculum.
For instance, light was in 4th grade and sound was in 5th grade.
ตางกันคะ ทีส
่ ังเกตเห็นแตกอนอยางเรื่องแสง ป4 เรียนเรื่องเสียง ป.5 ก็เรียนเรื่องแสง ป.6
ก็เรียนเรื่องแสงมันคอย ๆ ไปไงคะ แตถาเปนหลักสูตรปรับปรุงใหม ป.4 เรียนเรื่องแสง จบ
ป5 ป6 ไมมีมันเหมือนกันเปนเรื่อง ๆ การทดลองจะเห็นชัดเจนมากยิ่งขึ้น จะไดผลทําใหเด็ก
เขาเขาใจมากขึ้นมันมีกิจกรรมที่แปลกใหมขน
ึ้ มันไมเหมือนเดิมทําใหเด็กเขาสนใจ

This curriculum is different than the previous one. The previous one,
students in 4th-6th grades have learn light, but now it is clearly separated.
In addition, this curriculum has more activities than the last curriculum,
which make students’ more excited. (Manee, Interview #2)
Hence, it reveals that Manee displayed her knowledge of the curriculum in terms
of which concept was taught in what grade. She also demonstrated her knowledge of the
differences between previous and current science curricula in terms of goals and
objectives for students’ learning.
Knowledge of assessment of scientific literacy. In order to assess students’
understanding of science concepts, Manee used many methods. These included:
questioning, testing, concept mapping, students’ responses, and students’ work.
ใชหลายวิธค
ี ะ ก็มีการถามคําถามหรือตอบคําถามในหองเรียน ดูความสนใจ ดูวาเคาตอบ
คําถามในใบกิจกรรมไดมย
ั้ แลวเราก็มีสอบปฏิบัติดวยสอบเทคนิคการใชเครือ
่ งมือ
วิทยาศาสตร แลวก็มีสอบทายหนวย สอบกลางภาค สอบปลายภาค บางเรื่องเราก็มีการทํา
concept map ดวย

I use many methods including questioning during class, seeing their work
and their attention, testing after finishing each unit, midterm and final
testing. Sometime I have students do the concept map. (Manee, Interview
#2)
Manee gave the reasons for using many assessment methods that each method gave
different meaning. For example, questioning and students’ work showed whether students
understood particular concept. Testing, such as midterm or final examination, provided
big pictures of students’ understanding because tests included many concepts. Manee also
explained that students had to participate in laboratory testing in order to assess their
ability in doing laboratories.
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ที่วัดผลเคาหลายอยางเพราะเราไมสามารถใชวิธีใดวิธีหนึ่งเพียงอยางเดียวได ตองเลือกใช
หลายๆ วิธี บางทีเด็กเคาทําขอสอบแบบไดแตสอบปฏิบต
ั ิไมได การวัดแตละอยางมันใหผล
ตางกัน อยางสอบยอยก็เฉพาะเรื่องนั้น แตถาสอบใหญก็ใหภาพรวม แตโดยรวมแลวมันบอก
ไดวาเคาเขาใจมากนอยแคไหน

I use many methods because one method cannot tell everything. Some
students can do a good job on exams, but aren’t good in lab. Testing after
each unit can tell how much they understand this unit when exams can tell
the bigger picture. However, a combination of all results shows how much
this student knows. (Manee, Interview #2)
Manee exhibited knowledge of assessment in terms of ways that might be
employed to assess specific aspects of students’ learning. Her assessment methods
fit with her central goals for teaching science. In addition, she demonstrated her
knowledge about aspects of students’ learning that were important to assess when
they learned sound.
เด็กตองรูวาเสียงมันเกิดขึ้นไดอยางไร ประโยชนของเสียง รูจักตัวกลาง ประโยชน วิธี
ปองกัน การเกิดเสียงสูงเสียงต่ํา ความถี่เสียง เด็กก็ตองรู ซึง่ ก็คงดูจากการถามตอบใน
หองเรียนและในใบงาน แลวก็จะใหเคาลองทํา concept map

Students have to understand how sound is produced, what its advantages are.
Students have to know what medium that sound can move through, safety, pitch,
and frequency. I will assess students from their responses to my questions, their
work, and concept maps. (Manee, Interview #2)
However, Manee still directed students when they were doing the concept map. In
addition, this might be explained by two reasons. First, Manee did not have
understanding about this assessment instrument. Thus, Manee seemed to focus on the
artistic quality of students’ concept maps rather than students’ conceptual understanding,
and connection between topics. Second, the didactic orientation showed up when she
implemented the concept map in the way that she did it with her students.
In summary, Manee displayed moderate understanding about the science
curriculum. However, she did not display adequate knowledge on other knowledge
components of PCK, including knowledge of students’ understanding of science, science
teaching strategies, and assessment.
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Chujai’s Implementation, Orientation, and PCK for Science Teaching
Classroom Implementation
Chujai was teaching a unit about properties of matter. The topic that she taught,
when I observed was heat conduction. Chujai utilized the IPST curriculum and
observation sheets for this topic. The activity that Chujai used with her students was the
activity that she learned from the PD. This activity was to have students touch spoons that
were made from different materials, such as stainless steel, plastic, and aluminum. Then,
the teacher poured hot water into a bowl and let the students observe - by touching the
spoons - when they could feel hotness.
The students were assigned to sit in groups of six students. At the beginning of the
class, Chujai asked each group to look at their table and tell her what they saw. Then,
Chujai showed each type of spoon and asked students what material it was made from.
The students were interested in the materials and made noise while Chujai kept warning
them to be quiet and listen to her. Chujai engaged students by asking them to think
whether or not they had ever seen these spoons in their kitchen at home. She also asked
the students to think about other utensils in the kitchen that become hot when heated.
Chujai allowed students to answer her question and then told them that they were going
to do an activity about the heat conduction property of materials. Chujai asked the
students to pay attention and listen quietly to her overview of the activity directions.
Interestingly, the information that Chujai briefed with her students was similar to what
she had been told by Somsri during the PD. For example, Chujai told her students to
touch each spoon from its end about 1 cm. In addition, Chujai directly told the students
when they must start timing rather than encourage students to discuss and design their
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own investigation. During the activity, students seemed embarrassed because they did not
feel anything by touching the spoons after Chujai poured hot water into a bowl. Instead,
they felt hot when they touched the small bowl that contained hot water and spoons.
Many students discussed within their group how they were going to record their data
because by touching the spoons they only felt warmness rather than the hotness that
Chujai insinuated that they would feel. The students then decided to put the number of
times that they felt warmness from touching the spoon. When students finished the
activity, Chujai asked them about their results. She asked students to consider the
materials that the spoons were made from and encouraged them to make conclusions
based on the activity. Under Chujai’s guidance, students were able to conclude that
stainless steel conducts heat in the shortest period of time whereas plastic does not
conduct heat. Then, Chujai asked students:
Chujai:
Chujai:

Why do different materials conduct heat differently?
In terms of conducting heat, how should we use these
material based on their property?
Chujai:
Should we use the materials that will conduct heat in
everyday life? Should we carry things made from these
materials with our hands only?
Students: No.
(Chujai, Classroom Observation)
Chujai asked students many questions at a time and she did not provide enough
wait time for the students to think and respond to questions. Sometimes Chujai asked and
answered her questions by herself, without waiting for students to answer them. In
addition, the questions that she posed to students mostly were close-ended or looked for
factual information rather than exploring students’ thoughts and understandings.
During the explanation step of her instruction, Chujai provided an explanation to
students that focused on terminology and application of the heat conduction concept.

247

Chujai seemed to miss the important aspect and purpose of this activity. Rather than
developing an understanding about the heat conduction concept, Chujai’s explanation
mainly focused on the decision in using materials based on their properties. In addition,
when asking questions, Chujai ignored student answers which were not correct or were
not what she wanted to hear. Instead, she only picked students’ answers which she
expected to hear. For example, when she was talking about materials in terms of heat
insulation, she asked students:
Chujai:
Look at yourself, what is an insulator?
Chujai:
Do you think your clothes are insulators?
(Chujai, Classroom Observation)
Without any responses from the students, Chujai explained that cloth has the property of
insulation, that it can prevent heat. One student asked Chujai:
Student A:

How about black cloth?

Chujai did not have any response to this comment. She neither stopped nor asked Student
A to elaborate upon his question and what he was thinking. Instead, Chujai continued her
explanation by giving the example that people used a kitchen towel to carry hot cooking
utensils. Chujai repeated her question to students again:
Chujai:
Do you think cloth conducts heat?
Students: No.
Chujai:
In terms of conducting heat, how should we use these
materials based on their property?
Without wait time, Chujai jumped to the explanation that:
Chujai:
Cloth doesn’t have the heat conduction property. Like
plastic, cloth is insulation. So, if anyone say plastic conducts
heat, it’s wrong.
(Chujai, Classroom Observation)
.
On the second day of teaching this topic, Chujai taught students using typical
classroom questioning and lecturing strategies. She reminded students about the activity
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they had done on the previous day. She asked them to state again what material in the
activity had the ‘best’ and ‘worst’ heat conduction property. Then, Chujai asked students
if they were going to eat hot soup, what type of spoon might they use? Most of the
students said they would use a plastic spoon. Chujai stopped the class for few seconds
and asked students who would have soup with a plastic spoon. Several students raised
their hands up while Chujai indicated to students that they could use a plastic spoon in
hot soup only when that plastic could tolerate heat. Chujai continued to explain that, in
everyday life, people use spoons made from stainless steel with hot soup because they are
durable. The students showed that they were getting confused with Chujai’s explanation
because it contradicted what they learned from the prior day’s activity. Chujai realized
this confusion so she decided to do the activity about heat conduction again.
On day three, Chujai demonstrated another activity that she adopted from another
curriculum. Chujai dropped wax candles in a row on a steel rod. She clamped the rod
tightly then lit the alcohol lamp at the end of the steel rod and asked students to observe
what happened to the wax candles. Chujai repeated this activity again, but changed the
steel rod to a plastic ruler. Compared to the activity on day one, the students were excited
even though they did not have the opportunity to do this activity, but only observed the
teacher’s demonstration. After the activity, Chujai used the same questioning strategy she
had employed before by asking and answering her own questions. At the end of class,
Chujai provided science content knowledge on the heat conduction concept to the
students. Chujai provided an oral explanation of the terminology relevant to the concept.
She also used an analogy of how one particle transfers heat to other particles. First, she
had volunteer students line up. Chujai then pretended she had a hot object on her head,
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which made her uncomfortable. She proceeded to pass that object to the student who
stood next to her. Then, she asked that student what he would do if he received that hot
object from her. The student passed the hot object to his friend next to him. Students
seemed to enjoy this analogy. However, Chujai realized that some students still did not
understand the notions of “particle” and “transferring.” Thus, she decided to give up her
attempt to help students develop a more clear understanding of this concept. She told
students who were interested to come to ask her for clarification after class.
Teaching Orientation
Figure 16 represents my analysis of Chujai’s orientation to science instruction.
The interviews, card sort activity, and classroom observation with Chujai all demonstrate
that her orientation to teaching the heat conduction concept at the primary level consisted
of two central goals which included: 1) developing accurate understanding of science
content for students, and 2) connecting classroom knowledge to everyday experiences
and developing awareness about phenomena. Chujai’s peripheral goal for teaching this
concept is not clear. However, it seems her peripheral goal for teach this concept was for
students to develop positive attitudes toward science.
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= central goals;

Provide easy and fun activities

Provide extra class to lecture
and wrap-up concepts
Provide content knowledge to
students

= peripheral goals

•

•

Develop Science Content
Understanding

•

Develop Positive Attitude
toward Science to Students

Figure 16. Chujai’s Goals for Primary Science Teaching

•

•

Provide connections of
scientific knowledge to life
experience
Develop awareness among
students about how to live
safely

Develop Relevance of Science
Knowledge to Students’ Daily
Lives

สิ่งที่อยากใหเขาไดก็คือประสบการณจริงจากความรูท
 ี่บอกวาการนําความรอนนี่มันมีวัตถุ
หรืออุปกรณใดบางที่นําความรอนได อยากใหเขาไดประสบการณจริงวาอุปกรณชิ้นนี้มันนํา
ความรอนไดจริงอุปกรณชนิดนีม
้ ันไมสามารถนําความรอนไดกค
็ ือความเห็นจริงของเขาและ
ความเขาใจของเขา คาดหวังวาสิ่งที่เขาเรียนไปแลวจะนําไปใชในชีวิตประจําวันเขาไดแลวก็
มีความรูทถ
ี่ ูกตองโดยไปพูดหรือไปอธิบายใหคนอื่นเขาฟง พูดได อธิบายได แตตองมี
ความเขาใจทีถ
่ ก
ู ตอง

I want students to learn from real experience. Then, they could explain
what materials are heat conductors or insulators. I want students to do this
activity because it is close to their life. So, students will know what
utensils they can safely touch with their hands. I also expect them to have
a correct understanding about the concept of heat conduction. In addition,
they should be able to share the knowledge with other people. (Chujai,
Interview #1)
Data sources compiled for Chujai reveal that her teaching strategies were
inconsistent during her interview, implementation, and card sort reflection. The
observation of Chujai’s classroom while she was teaching the concept of heat conduction
reveals that the strategies she used in teaching this concept were different to what she
explained during the card sort activity. During the card sort activity, Chujai stated that
she would emphasize students sharing ideas and experiences, and formulating
explanations of activity results. However, these opportunities rarely happened during her
classroom teaching. Based on the IPST Curriculum, the activity that Chujai provided for
students on the first day of teaching was designed for third grade students. The heat
conduction activity for the fourth graders would need a particular kit for this concept.
However, Chujai’s second central goal for teaching this concept drove her decision to
select this activity. Chujai explained that she decided to use this activity because she
thought it helped students connect their knowledge of heat conduction to everyday
experiences. She indicated that students should develop an awareness of phenomena
around them using knowledge they learned in the science classroom.
ความสําคัญของเนื้อหาในการทดลองเรื่องนี้เพราะวาในชีวต
ิ ประจําวันของเด็กอยางสมมุตวิ า
เขาสามารถจะนําไปประยุกตใชได เขาจะไดรวู าทําไมอุปกรณเครื่องใชในชีวิตประจําวันสิ่ง
ไหนวัสดุชนิดใดที่เขาควรจะจับหรือเปลา จับไดหรือเปลาในขณะที่มันมีความรอนอยู ตรงนี้
จะทําใหเขาปลอดภัยจากการอยากรูอยากเห็นของเขาดวย ดังนั้นเรื่องการนําความรอนนี้นะ
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คะก็จะทําใหทราบวาสิ่งที่ควรหลีกเลี่ยงในชีวิตประจําวันของเขานาจะเปนวัสดุประเภท
ใดบาง อันนี้สว นมากก็จะเกี่ยวกับชีวิตประจําวันของเขาที่ควรเรียนรูและควรจะปองกัน เอา
ไปใชไดนั่นเอง

I will use this activity because after doing the activity students could apply
their knowledge to their living experience. Students will know what
material they should be aware of when it is heated. (Chujai, Interview #1)
According to the card sort activity, Table 13 shows Chujai’s arrangement of and
reflections about scenarios she thought would represent her science teaching. Chujai
explained that to teach science a teacher needed to look at a variety of resources and
carefully decide what activities would be appropriate for students before teaching a
particular topic. She also explained that, prior to the lesson, a teacher had to provide
opportunities for students to share their ideas about and experiences with that topic.
Teachers should also encourage students to work in groups to develop a hypothesis about
the study, let them explore during the activity, and then report their findings.
Table 13
Chujai’s Arrangement and Interpretation of the Card-Sort Scenarios
Items
3

Scenarios
You, as a teacher, set up classroom lessons
for a unit on heat conduction. Using
resource elementary books, you select a
variety of fun, and easy-to-do activities.
(activity-driven)

Chujai’s Interpretations
“Books are basic resources that we have to know.
The activities for students have to be fun and not
too difficult for students to do and understand.”
(activity-driven)

5

In an electricity unit, you, as a teacher, give
students batteries, bulbs and wires. You
encourage the students to find all the
possible ways to light the bulb. (discovery)

“It is a good activity. We can use either way
between giving the activity devices to students
and encouraging them to create the ways to make
the bulb light. Or, we can have them follow
directions first and then encourage them to do it
on their own.” (activity-driven)

2

You, as a teacher, begin a unit of electricity
by having students talk about their ideas
about electricity. Then you allow students to
work with a particular circuit and develop
their own explanations. You show the
scientists’ ideas about electricity and
encourage a class to discuss and compare
how their ideas are different to the
scientists. (conceptual change)

“To teach any topic, I’ll start from something that
is close to students’ lives. I’ll talk to them about
their experience to see how much they know
about this topic. Then, I’ll provide activities to
students and give opportunities for them to
explain about the activities. If they can give an
explanation, it means they understand this topic. I
haven’t used the technique comparing students’
and scientists’ ideas. But, I think it’s interesting.”
(activity-driven)
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Table 13 (continued)
Items
1

Scenarios
You, as a teacher, begin a unit of
dissolution by asking students to draw a
picture of sugar when putting into water.
You facilitate discussion among students.
(conceptual change)

Chujai’s Interpretations
“I think drawing a picture is a first step of
teaching. If we begin with having students
drawing picture, we will see their thoughts about
that topic, which I believe students have various
ideas about sugar melting in water. It is also an
opportunity for the teacher to encourage them to
orally share their ideas before doing an activity
by asking them what happens to sugar after
putting it into water.” (conceptual change)

4

When doing laboratory activities, you
provide students with clear, easy following,
step-by-step directions for the activity
procedure. (activity-driven)

“I follow these steps. I will provide clear
explanation about the activity directions so they
can do it correctly.” (activity-driven)

6

You, as a teacher, have students to observe
two phenomena, salt in water and ice in
water, and generate questions about their
changes. Each group designs and carries out
their own experiment to test a hypothesis
related to the group’s questions. (discovery)

“I think these are good strategies that are
appropriate in teaching science to primary
students. I will encourage students to guess about
these phenomena and then have students do an
activity in order to test their guesses. I like the
idea of having students compare phenomena. It
makes student develop their observation skills.”
(discovery)

11

You, as a teacher, begin a unit on Sound by
introducing curriculum, explaining
materials, allowing students doing
activities, and you explaining the concepts
at the end of activities. (didactic)

“We might have volunteer students come in front
of the classroom or maybe every student touches
their neck while saying something. Then, we
discuss how sound is produced. After that, the
teacher provides a brief overview of the lesson,
gives manipulatives and explains their function
to students. During and at the end of the activity,
there might be some students who still don’t
understand the concept so teachers have to
provide correct content knowledge about that
concept to students in order to help them have
accurate understanding.” (didactic)

8

As a teacher, you want teachers to learn
about how sound is produced. You decide
the best way to do this is to demonstrate
students with various activities to verify a
science concept of vibration produces
sound. (academic rigor)

“The best method is to have students touch at
their neck and then say a word. I think it is better
than bringing a musical instrument to teach this
concept. The musical instrument should be used
when teaching pitch.” (activity-driven)

7

You, as a teacher, encourage the students to
place an ice brick on their table. You
encourage the students to carefully and
accurately record their observations in a
journal. (process-driven)

“I agree that students need to have opportunities
to do experiments, observe, and collect data.”
(activity-driven)
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Thus, according to the card sort activity, Chujai saw the connection between
scenarios 2 and 5. She mentioned that she would use teaching strategies in these two
scenarios when she had to teach an electricity lesson. Chujai indicated that when teaching
science, she liked to provide opportunities for students to express their ideas. Hence,
Chujai saw the strategies in scenario 5 as the engagement in order to encourage students
to think how they would light the bulb using their own ways. Chujai also indicated that
she might allow students to talk about their ideas about this topic, as stated in the
beginning of scenario 2 as her engagement technique. Then, she would have students
participate in a hands-on activity under her guidance. Chujai explained that:
ถาจะเรียนเรื่องอะไร เราจะเริม
่ จากเรื่องใกลตวั เคากอน คือใชวิธีพูดคุยเกี่ยวกับประสบการณ
ของตัวเคากอนวามีความรูเรื่องไฟฟามากนอยแคไหน จากนัน
้ ก็มีกิจกรรมใหนักเรียนไดตอ
วงจรไฟฟาและใหเคาไดอธิบาย ถาเคาอธิบายไดแสดงวาเคามีความเขาใจ สวนการใหเคา
เปรียบเทียบความคิดของเคากับนักวิทยาศาสตรนั้นยังไมเคยลองทํา แตคด
ิ วานาสนใจและ
่ จะไดคําตอบที่หลากหลาย
จะลองทําดู เผือ

At the beginning of each lesson, I will start by talking to students about
their experience that relates to the topics that they are going to study. This
discussion will allow me to know how much knowledge on electricity the
students have. Then, I will allow them to perform activity and develop an
explanation from doing the activity. If they are able to explain what they
have, then it means they learned something. But, I haven’t ever tried to
have students compare their ideas with those of scientists, which I think is
interesting and I will try this strategy in the future. (Chujai, Card Sort
Activity)
The excerpt reveals that Chujai believed that if she had to teach this concept, she would
allow the students to share their experience and knowledge in order to explore how much
the students knew about a concept prior to instruction. Then, she would lead the students
in a hands-on activity, provide opportunities for them to share the findings, and give
information and content knowledge to the students at the end of the activity.
Unlike other teachers, Chujai put scenario 1 in the “like me” group and stated that
she often used this strategy in her classroom. Chujai explained that a teacher would know
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what students were thinking from their drawing. She also mentioned that drawing a
picture was one technique to encourage students to express their ideas. She believed that
students would show a variety of ideas when putting sugar into water.
ใหนักเรียนวาดรูป เปนการเริ่มตนการจะเขาสูบ
 ทเรียน ถาเริ่มตนแบบนี้ เราก็จะไดความคิด
หลากหลายของเคา เราก็จะไดถามนักเรียนดวยวาน้ําตาลจะเปนอยางไรหลังจากนั้น เปน
แรงจูงใจใหเคาไดแสดงออก ใหเคาไดพูด อภิปรายกันกอนทําการทดลอง จินตนาการของ
นักเรียนบางคน บางคนอาจบอกวาน้ําตาลเปนกอน เปนสี่เหลี่ยม อยูท
 ี่ความคิดเคา

I think drawing a picture is a first step of teaching. If we begin with having
students draw a picture, we will see their thoughts about that topic, which
I believe students have various ideas about sugar melting in water. It is
also an opportunity for the teacher to encourage them to orally share their
ideas before doing the activity by asking them what happen to sugar after
putting it into water. (Chujai, Card Sort Activity)
However, Chujai did not further explain whether or not students’ ideas would influence
her teaching. She only indicated that she graded student drawings as artwork, which she
might return to students or keep to show in an exhibition.
แตบางคนก็ทําใหสวยงามแลวมันก็เปนผลงานของเคาดวย รูปที่วาดเราก็เก็บคะแนน แลว
คืนเคาหรือนํามาจัดนิทรรศการได

Some students make their picture very pretty. With the students’ picture, I
will give them a score and then return it to students. Sometime I will keep
it for showing in a school exhibition. (Chujai, Card Sort Activity)
During the card sort activities with Chujai, I observed that when Chujai
recognized crucial teaching strategies for teaching science in the scenarios, she would
quickly put those scenarios in the “like me” group. When Chujai did not have any
experience in teaching the concepts stated in scenarios, she would consider whether or
not the strategies were appropriate to teach science. If they were, then she put those
scenarios into a group that represented her teaching.
However, I also observed that if Chujai had experience teaching a particular
concept stated in the scenario, she would consider it more carefully and show her
thoughts in more depth. For example, based on her experience in teaching this concept to
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middle school students, when reading scenario 8, Chujai stated that a good way to help
students understand that sound is produced by vibration would be to ask students to touch
their neck while they were saying something. Chujai indicated that:
การที่จะใหนักเรียนเขาใจวาเสียงเกิดจากการสั่นสะเทือน วิธท
ี ี่ดท
ี ส
ี่ ุดคือใหเคาจับที่คอ
ตัวเองขณะพูดนาจะดีกวา สวนการนําเครื่องดนตรีมาใชนาจะเปนการสอนเรือ
่ งอื่น เชนเรื่อง
ระดับเสียง เสียงทุม เสียงแหลม อะไรประมาณนี้มากกวา

The best method is to have students touch their neck and then say a word.
I think it is better than bringing a musical instrument to teach this concept.
The musical instrument should be used when teaching pitch. (Chujai, Card
Sort Activity)
When reading scenario 13, which represented a guided-inquiry orientation, Chujai
mentioned that the students might not get excited with the Thai flute and she never had
her students design their own experiment. As she indicated that:
ยังไมเคยใหนักเรียนไดออกแบบการทดลอง เพราะสวนมากการครูจะ set การทดลอง
เอาไวใหแลว เด็กเลยไมตองออกแบบเอง

I haven’t tried to have students design their own experiment. Generally, I
will set an activity and manipulative for them. So, they don’t need to
design their own. (Chujai, Card Sort Activity)
Chujai insisted that having students touch their neck would be an appropriate activity to
teach this concept. She indicated that rather than having them explore the Thai flute-which she was not sure whether or not her students would be interested in--she might ask
students to touch their neck in order to engage them and encourage them to think how
sound is produced. Then, she would encourage students with a hands-on activity that was
in the curriculum. At the end of activity, she would explain the sound concept to the
students again in order to ensure that every student understood this content knowledge.
เราอาจใหตัวแทนนักเรียนออกมาหนาหอง หรือแตละคนเปลงเสียงออกมา แลวมาคุยกันวา
เสียงนาจะเกิดขึ้นไดอยางไร แลวถึงคอยแนะนําบทเรียนวาเราจะเรียนเรื่องนี้นะ เนื้อหา
บทเรียนเปนอยางไร แลวแนะนําวัสดุอุปกรณที่จะใชทดลอง นักเรียนบางคนขณะทําการ
ทดลองอาจจะยังไมทราบแนชัดวาทีท
่ ําการทดลองไปมันผิดหรือถูกอยางไร ครูก็นาจะมีการ
อธิบายเนื้อหาใหนักเรียนทราบเปนการสรุปอีกทีนึง

We might have volunteer students come in front of the classroom or
maybe every student touch their neck while saying something. Then, we
discuss how sound is produced. After that the teacher provides a brief
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overview of the lesson, gives manipulatives, and explains their function to
students. During and at the end of the activity, there might be some
students who still don’t understand the concept, so the teacher has to
provide the correct content knowledge about that concept to students in
order to help them have accurate understanding. (Chujai, Card Sort
Activity)
The excerpt above reveals that when reading scenarios about sound concepts, Chujai
would refer back to her past experience in teaching this concept. She demonstrated that
strategies in her prior teaching about sound had consisted of doing a hands-on activity,
questioning and discussing, and providing a teacher-generated explanation. Her
reflections on scenario 13 were closer to a didactic orientation rather than a guidedinquiry orientation to science teaching.
In addition to the scenario 13, there were many scenarios that Chujai did not
select as representative of her teaching strategies. However, her reflection on those
scenarios demonstrated her didactic orientation. For example, Chujai put scenario 14 in
the “not like me” group because she believed that to help students understand about
circuits and electricity, the teacher had to provide a clear explanation to students about
the device and its function. She stated that students might not know about circuits and
how to make a simple circuit. So, the teacher needed to provide the fundamental
knowledge about simple circuits prior to encouraging them to make each type of circuit
by following the teacher’s direction. The teaching strategies which Chujai thought would
be appropriate to teach circuit and electricity concepts were similar to the strategies used
in scenario 11. Chujai stated that a teacher could use teaching strategies as stated in
scenario 14 only when they were sure that students already knew all of the necessary
information.
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ครูควรแจกอุปกรณและแนะนําอุปกรณไฟฟาแตละอยางใหนก
ั เรียนกอนวาอะไรใชยังไง มี
หนาที่อยางไร จากนั้นใหนักเรียนตอวงจรอยางงายตามเรากอน แลวคอยทําตามวิธีการใน
ขอนี้

The teacher should begin by giving an explanation about the function of
each manipulative to students. Then, students make circuits following the
teacher’s direction. After that we can have students perform the activity
that was stated in the card. (Chujai, Card Sort Activity)
During the card sort, it appeared that Chujai’s didactic orientation was not
explicit. Based on what she said while sorting the cards, she indicated that her science
teaching would be focused on providing opportunities for students to share their
experiences and prior knowledge, get involved in hands-on activities, and communicate
their findings of the activities. However, the observation of her classroom teaching
revealed that the didactic orientation shaped the way she taught science. Chujai did not
provide many opportunities for the students to communicate their ideas during her
classroom teaching. The discourse that occurred in the classroom was almost a one-way
communication in which Chujai asked and answered her own questions. In addition, the
questions that Chujai asked her students were close-ended and looked for factual
knowledge, not critical thinking. Chujai’s implementation of the heat conduction activity
with students showed she did not have solid knowledge in the topic that she taught.
Chujai’s limited content knowledge led her to direct the activity clearly in order to help
students understand the concept and see the connection between this concept being taught
and their preexisting, familiar life experiences. In addition, Chujai did not appear to be
sensitive to the student ideas. It could be said that the limitation of both content
knowledge and knowledge of students forced Chujai to ignore hearing and extending
students’ thinking, or be able to mediate students’ ideas. Instead, she mainly focused on
directing students towards what she perceived to be the right information. Finally, it was
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clear that Chujai did not understand the purpose or relevance of the activity in terms of
how this activity led students to understand the concept.
In summary, Chujai displayed a didactic orientation to science teaching. Although
Chujai provided opportunities for students to perform activities, it seemed that the
activities did not have any relevance to students’ learning of the concept. In the
classroom, Chujai still played the major role in presenting information to the students.
Her questions aimed to direct students to knowing the facts or the answer that she
expected to hear. Although Chujai selected scenarios that represented other orientations,
such as conceptual change, academic rigor, process-driven, and guided-inquiry
orientations, Chujai interpreted these scenarios through her didactic lens. In addition, it is
evident that the didactic orientation directly influenced her classroom teaching.
PCK for Primary Science Teaching
Knowledge of students’ understanding of science. Chujai indicated that it was her
first time to teach the concept of heat conduction to primary students. Based on her
preservice teaching experience with middle school students, Chujai mentioned that
students did not have any problems learning this concept. However, she found that
students did not understand how to do the laboratory work, for instance, why they had to
set a control when doing the activity.
สวนมากนี่นักเรียนจะมีความของใจวาทําไมเวลาเราทําการทดลอง เราจะตองควบคุมสิ่ง
ตางๆใหเทาๆกัน อยางแตละกลุมบางกลุมเพิง่ เทน้ํารอนบางกลุมจับเวลาไมถูกตองอยางนี้
เราก็เลยตองพยายามทําความเขาใจก็คือบอกเขาใหเขาเขาใจวาสิ่งที่เราตองควบคุมมันจะ
ทําใหการทดลองของเราถูกตอง

The majority of students don’t understand why we need to set controls
when we do experiment. For example, students don’t understand that they
have to start timing right after I pour hot water into a cup. So, I have to tell
them that the control will help them do the experiment correctly. (Chujai,
Interview #1)
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Chujai indicated that primary students might have different problems with learning this
concept. Thus, in order to help these students, she would prepare to answer students’
questions. In contrast to teaching middle school students, Chujai implied that in teaching
primary levels, teachers need to pay more attention to students’ work and provide a clear
explanation of activity directions.
สวนมากตรงนี้เปนเด็กที่อยูในชวงมัธยมเหมือนกับเขาจะไมมีปญหาในการรับรูหรือวาความ
เขาใจของเขาตรงนั้น แตวาระดับประถมนี่เราจะตองเตรียมตัวใหพรอมกับคําถามที่ผา นมา
กับการสอนเด็กประถม เปนครั้งแรกสําหรับเด็กประถมคะ เขาอาจจะมีคําถามเยอะแยะแต
ขณะที่เคยสอนมัธยมซึ่งสวนมากเขามีพื้นฐานรูมาแลววาวัสดุแตละชนิดมันตางกันแลวก็มี
การนําความรอน นําไฟฟาตางกันเวลาที่เราทําการทดลอง เรา set การทดลองใหเขาทุก
อยางทั้งเวลา ชวงเวลา จับเวลา วัสดุอุปกรณ ตองจับใหมน
ั เหมือนๆ กัน ก็คือควบคุม
control เขาเด็กมัธยมเขาจะเขาใจ พูดแลวเสร็จปุบ
 จะถามวาครูทํายังไงนะ อยางนี้เคาจะไม
มี เคาทําแลวเขาสนุก

I don’t have any problems when teaching middle school students because
students are ready to learn. However, I have to be well prepared when I
have to teach elementary students in terms of their questions. This will be
my first time teaching the concept of heat conduction to the elementary
students. They may have a lot of questions about this phenomenon. The
middle school students will be well-behaved and know what to do in labs
without any guidance from the teacher. But, to teach elementary, I have to
direct them to do the activities. It happens many times that they ask me
what to do even though I already explained to them. (Chujai, Interview #1)
The excerpt reveals that Chujai believed that primary students needed to be controlled
during learning science because they were not able to take responsibility for their
learning when compared to middle school students.
Chujai did not anticipate or acknowledge that student might have difficulties with
this concept. However, after Chujai taught this concept to her students, she found that
students had difficulties understanding the meaning of conduction and that heat occurs
through the transferring of heat energy from one particle to other particles.
ในเรื่องความหมายคะ การนําความรอนคือ เพราะเราอยากใหเขารูวาความหมายการนํา
ความรอนจริงๆ แลวมันคือพอดีในหนังสือมันมีวาการถายเทพลังงานความรอนจากอนุภาค
หนึ่งถึงอนุภาคหนึ่ง ซึ่งเขาจะคอนขางงงเราจะบอกความหมายจริงๆ เขาก็จะงง จนตอง
อธิบายกันยาวเหยียด รวมทั้งการแสดงเราก็เลยบอกวามันเปนสวนของเหล็ก อยางครูเปน
หนึ่งอนุภาค ก็คือตัวหนึ่งอยูในแทงเหล็กนั้นแลวก็เพื่อนเธอเปน 2, 3, 4, 5 รวมกันเยอะๆ
แนนๆ คิดไปวาทั้งหมดนี่ก็เปนแทงเหล็กทั้งหมดเลย แลวเราก็เลยคิดวาเดี๋ยวมันจะมีคําถาม
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ตออีกคะ (หัวเราะ) ก็เลยบอกวาถาพวกหนูอยากรูวาความหมายของอนุภาคมันมีความหมาย
ยังไงก็ไปคนหา สอนเสร็จก็เงียบไปเลยไมมค
ี นมาถามอีก

I want elementary students to know the meaning of this word because it
appeared in the textbook that heat conduction is a process of transferring
heat from one particle to other particles. So, I have to explain and give an
analogy to my students. I tell students that particles are small part of iron.
For example, I was one particle in the iron rod and there are some other
particles lined up together to form the iron rod. I believe that if I go too far
with this, there may be a lot of questions. So, I decided to stop and tell
students that they can come to talk to me later if they want. But, no one
came to see me after that. (Chujai, Interview #2)
To help students overcome this difficulty, Chujai provided an analogy of how particle
transfer heat energy to other particles and gave meanings for the terminology. However,
Chujai did not spend a long time on the explanation about particles and conduction of
heat because she believed that this was too difficult for students to understand.
เพราะวาถึงเราอธิบายไปเด็กบางคนไมรูเรื่องหรอกคะ ก็จะมีเด็กที่สนใจและเด็กทีฟ
่ งหูไวหู
เพราะฉะนั้นถาคนไหนสนใจก็มา บางทีถาเราจะไปเสียเวลาอธิบายใหเคาเด็กไมรูเรื่องก็คอ
ื
ไมรูเรื่องอยูดี เราพูดไปก็จะเสียเวลาในสวนทีเ่ ราควรจะสอน

I won’t spend too much time on helping all students to understand this
terminology because it might be beyond the ability level to understand it.
It will waste time if I try to make students understand about particles. So, I
decided to give up and tell students that they could come to me later if
they were interested to know about particles. (Chujai, Interview #2)
According to the excerpt above, it is evident that Chujai learned about what concept or
terminology she should give or leave to students. However, this also implies that Chujai
believed that when students understood the scientific terminology, it meant they
conceptually understood that concept.
Knowledge of science teaching strategies. Similar to other teachers, Chujai
indicated that she would begin her science teaching by using questions and discussion in
order to engage students with the topic that they were going to study, provide activities,
give directions to students, have students do activities, and finally give the correct science
knowledge to students.

262

อันดับแรกก็จะเหมือนการนําเขาสูบทเรียนใหเขาบอกวาในชีวต
ิ ประจําวันของเขาวัสดุที่ใชอยู
แลวมีอะไรบางที่นักเรียนมีความรูสึกวาพอจับแลวมันนาจะนําความรอนได หลังจากนั้นเราก็
จะใหเขาลงมือทําการทดลองจากนั้นเราก็มาอธิบายเคาอีกที

First, I will engage students with the discussion about the materials that
they use everyday that they believe might conduct heat. Then, I will let
students to do the activity that I prepared for them. When they finish the
activity, I will explain to them about the main idea of heat conduction.
(Chujai, Interview #1)
เราจะเนนการทดลอง เนนเรื่องเนื้อหาใหเด็กเขาใจ สวนเรื่องการปฏิบัติ เด็กก็จะปฏิบัติ
เพียงแตวาเราอธิบายขั้นตอนการปฏิบต
ั ิใหเด็กปฏิบัติเอง เราก็ตรวจสอบดูความถูกตองความ
เรียบรอยของเด็ก

I will emphasize having students to do hands-on activity and develop
understanding of the concept. I will provide clear activity directions to
students and check for their laboratory skills while they are doing the
activity. (Chujai, Interview #2)
Although Chujai indicated during the interview and card sort activity that students would
share their experiences about the concept that was being taught, she did not demonstrate
knowledge about why having students share is important to the teaching and learning
process. Thus she had limited knowledge about teaching strategies. In addition to the
didactic orientation that she displayed, a lack of knowledge of strategies led her to teach
science in ways that were opposite to what she expected to happen or opposed to what
she stated during the card sort activities.
Chujai demonstrated her understanding about using teaching strategies such as
doing activities, and answering teachers’ questions. These strategies did not only help
teachers to understand students’ ideas, but would also allow students to check whether or
not their understanding about each concept aligned with the correct scientific knowledge.
การถามตอบ การตั้งคําถามไปเหมือนกับวามันชวยจุดประกายใหเขาคิดวามันมีสิ่งนี้ๆนะที่
เขาคุนเคยรูจ
 ักอยูแลวบาง เขาก็จะตอบออกมา คือเราก็จะสามารถเขียนคําตอบไวแตเรายัง
ไมบอกวาอันไหนที่มันถูกมันผิดจนกวาเขาจะไดทําการทดลองจริงๆในตัวอยางที่เรายกมา
อันนี้เขาก็จะไดเห็นจริงๆเลยเพราะวาในเด็กบางคนในความคิดเขา เขาอาจจะคิดวาสิ่งที่เขา
ตอบไปนั้นมันถูก แตวาคําตอบที่ไดจากการทดลองอาจจะผิดไปก็ได เขาก็จะไดเห็นจริงๆ
วาสิ่งที่เขาเขาใจเขาตอบออกไปมันผิดนะ เขาก็จะไดเขาใจเสียใหม

Asking questions can initiate students’ curiosity of the phenomena that
they see everyday. I may have those answers in my notes, but I won’t tell
them until they do the activity and see its results. Students can check
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themselves from my posted question and from doing the activity that their
understanding might be wrong. Some students think that their
understanding before doing an activity is correct and there might be
something wrong with the activity results. So, when I give them the
answer they could change this misunderstanding. (Chujai, Interview #1)
Based on the observation of Chujai teaching, it is evident that she did not demonstrate
adequate ability in putting her teaching strategies into a sequence that helped students
develop understanding of the concept in the ways that she stated in her goals. As
illustrated in the section on Chujai’s classroom implementation, she seemed to be
nervous about the students’ questions. Thus, she ignored students’ questions and ideas
many times. This could be due to her lack of subject matter knowledge and pedagogical
knowledge. Furthermore, Chujai did not demonstrate her knowledge of specific strategies
that could help students comprehend the concept of heat conduction. Although she used
an analogy to represent how one particle transfers heat to other particles, she did not
display knowledge about the conceptual strength and weakness of this analogy in relation
to students’ ability to understand about the transference of heat through particles.
Knowledge of science curriculum. Chujai demonstrated her knowledge of science
curriculum and how the new curriculum was different from the previous one. Chujai
explained that science was separated from the Life Experience subject, which made
students learn science content knowledge more than the previous curriculum. In Chujai’s
school, she indicated that having science as a separate subject helped to reduce her
workload in terms of planning for teaching. For example, instead of teaching all
disciplines, including science, social studies, and health education that were integrated in
the Life Experience subject, her school assigned teachers to teach a discipline based on
their educational background. In regards to this idea, Chujai believed that she would help

264

students learn science better than teachers who did not have science education
background.
สมัยที่รวมกับ สปช. เหมือนกับวาตอนนั้นอยูก
 ับคุณครูดวย ครูที่สอนเขาไมไดสอนเฉพาะ
วิทยาศาสตรอยางเดี๋ยวนี้ เขาสอนหลายๆวิชาบางทีความรูทเี่ ราไดไมแนนพอ บางทีคด
ิ วา
ความรูท
 ี่เราไดแตกอนโอเคมีการทดลองจริงตามปาตามเขาจริง แตวาบางอยางความรูมันยัง
เหมือนกับวาความรูมันยังไมแนนมันยังไมถูกตองพอ แตวาในปจจุบันนี้นะคะหลักสูตรนี้มน
ั
เหมือนกับกวางขึ้นแลวก็ทันสมัยขึ้นมันเหมาะที่จะใชในปจจุบันแตสมัยกอนคุณครูก็จะรูอยู
เทาทีร่ ูสอนหลายๆวิชาบางทีกส
็ ับสนไปบางเอาวิชานั้นมาใสวช
ิ านี้บางเพราะวาแตกอนเรียน
โรงเรียนรัฐซึ่งเขาเหมือนกับวาครูคนหนึ่งสอนหลายๆวิชา แลวก็หลักสูตรสมัยนี้มันเกี่ยวกับ
internet เกี่ยวกับสื่อใหมๆเขามาเราก็สามารถที่จะประยุกตไดกวางขึ้นยิ่งรูม
 ากขึ้นก็สอนมาก
ขึ้นแลวก็เบลอมากขึ้น ที่นี่จะมีครูประจําวิชาแตละคนก็จะรูในเนื้อหาของตัวเองมีความรูแนน
วิชาของตัวเอง เวลาไปสอนก็คอ
ื เนื้อหาตรงเปะๆ การทดลองอยางนี้เด็กจะไดความรูมาก ถา
เปรียบเทียบกับแตกอนที่เราเรียน สปช. เหมือนกับวาเด็กไดความรูไมแนนเพราะวาบางที
สอนหลายๆวิชาสอนวิชาของเรายังไมเทาไหรตองวิ่งไปสอนอีกวิชาหนึ่ง

This new curriculum is different to the previous one. When science was
included in Life Experience subject, teachers had to prepare the lesson
plans for three disciplines, which many times teachers might have more
solid knowledge in one discipline than the other two disciplines. In the
new science curriculum, I only prepare lesson for science. It reduces my
workload. In addition, science is my knowledge background so I have
more confidence than other teachers who did not graduate in this area in
order to help students to develop solid scientific knowledge. (Chujai,
Interview #2)
In regards to the excerpt above, Chujai also indicated that the reform curriculum had upto-date content knowledge, and also integrated technology to teach science, such as
through the Internet.
In addition, Chujai mentioned that the new curriculum allowed students to have
more opportunities to do hands-on activities than the previous one. However, Chujai did
not demonstrate her knowledge about a particular component or activity in the curriculum
that helped students to develop important ideas in science.
Knowledge of assessment of scientific literacy. Chujai displayed that in teaching
the concept of heat conduction, she would assess students’ understanding of the
terminology on the conduction of heat. After doing the activity, students should be able to
identify what materials had conductor and insulator properties.
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เคาตองเขาใจวาการนําความรอนนี่คืออะไร มันมีวัตถุหรืออุปกรณใดบางที่นาํ ความรอนได
อุปกรณชิ้นนี้มน
ั นําความรอนไดจริงอุปกรณชนิดนี้มันไมสามารถนําความรอนไดเพราะมันอยู
ในชีวต
ิ ประจําวันของเคา

Students must understand the meaning of heat conduction. They need to
know what materials can conduct heat and what materials cannot. This
knowledge is important to them because they face it everyday. (Chujai,
Interview #1)
Similar to other teachers, Chujai provided worksheets for students in order to assess their
understanding of this concept. Chujai indicated that if student’s answers on the worksheet
were similar to her answers, it meant the student understood the concept
อันแรกดูจากคําตอบในใบงานที่แตกตาง คําตอบใบงานไหนที่เหมือนกับคําตอบของเราเด็ก
กลุมนั้นเขาจะเขาใจ แตถาเด็กกลุมไหนที่เฉไฉไปเรื่อย เพราะเด็กบางคนพอใหทําการ
ทดลอง พอใหตอบคําถามเขาคิดเอง เขาไมไดคิดจากการทดลอง จากคําถามหรือจาก
คําอธิบายของครู เขาไมใสใจบางทีเด็กเปน ไมใชบางทีแหละ สวนมากเลย เพราะวาคนที่
เคาไมสนใจเวลาทําการทดลองสนุกสนานไปแตไมฟงคําอธิบายของเรา คําตอบของเขาก็
จะเฉไฉไปเรื่อยไมตรงตามเปาของเรา เราก็จะรูวาคนนี้เปนยังไง ในบทเรียนนอกจากการ
ทดลองเสร็จปุบ
 เรื่องการสงใบงาน ความตั้งใจในการเรียนดวย เด็กบางคนก็นั่งเฉยพอเรา
ถามใหลุกตอบไมรูเรื่อง ตอบแบบไมใชจด
ุ ประสงคที่เราตองการเราก็จะรูวาเด็กคนนี้ไมรูเรื่อง
เราก็สอนซ้ําอีกถาดูแลวมีมากกวา 5 คนสอนซ้ําคะ สองคนก็ตามเพราะวามันจะไปเสริม
สําหรับคนที่รูอยูแลวแตคนที่ไมรูเหมือนกับตองเริ่มใหมมันเสียเวลานิดหนึ่งแตก็ตอง
เสียเวลา

I will look at the students’ answer on the worksheet. If their answer is
similar to mine, so they understand the concept. Some students like to
think on their own. They don’t think from the activity or my explanation.
These students don’t do the activity and listen to me seriously, but just
play around. Thus, their answers in the worksheet will not be correct. I
will also assess students from their intention and participation during
class. If I find at least 5 students don’t understand the concept I taught, I
will re-teach that concept to students although it will waste my time.
(Chujai, Interview #2)
The excerpt above reveals that Chujai’s orientation, and knowledge of students’
understanding of science, shaped her knowledge of assessing scientific literacy. The
didactic orientation shaped Chujai’s belief that students would develop correct
understanding of science when they paid attention to her explanation. In addition,
Chujai’s limited knowledge of students’ learning process had relation to her limited
knowledge of assessment in order to find and interpret students’ ideas. Furthermore, the
limited knowledge of students’ misconceptions and of assessment resulted in her not
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assessing students’ prior knowledge. Finally, the didactic orientation shaped Chujai’s
decision by providing extra hours to instruct students in order to help them overcome the
difficulties to understand this particular concept.
In summary, Chujai displayed a lack of PCK. She was not knowledgeable in
students’ learning approach or difficulties. Chujai failed to transform knowledge of
conduction of heat to students in an understandable way. She did not know how to put
her teaching strategies into a sequence that would help students to learn the concept. In
addition, similar to other teachers, Chujai did not demonstrate the understanding about
the strengths and weaknesses of teaching strategies, activities, and analogies that she used
with students. She did not pay enough attention to whether or not the analogies she
demonstrated to students would lead students to misconceptions about the conduction of
heat. Lastly, in addition to not knowing about the activities and having inadequate subject
matter knowledge on the topic that she taught, Chujai did not get to the main ideas of the
concept and made students confused.
Jinda’s Implementation, Orientation, and PCK for Science Teaching
Classroom Implementation
On day one of teaching the sound concept, Jinda planned to provide an activity
that she learned in the PD. Jinda prepared various types of glass, such as tumbler, brandy,
and plastic glass filled with either water or colored water for each group. Jinda indicated
that the purpose of doing this activity was to develop students’ knowledge that sound is
produced by vibration, which could be observed through water vibration. In order to help
students see this phenomenon better, Jinda asked students to compare sound and
vibration between glasses containing water or colored water. When the students came to
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the science classroom, Jinda turned on music for the students. She also asked one student
to play a Chinese dulcimer. She asked several questions to students, such as why they
hear sound and where does sound come from. Jinda explained to students that in order to
answer these questions, they needed to do the activity. Then Jinda explained the activity
directions to the students and introduced the materials needed for the activities. Jinda
repeated the directions twice in order to ensure that every student had a clear
understanding of what they needed to do. Instead of giving observation sheets to the
students, Jinda gave a sheet of plain paper to students to report their findings and
conclusions. During the activity, Jinda did not provide any directions to the students, but
let them independently work within their group. However, when Jinda noticed that the
majority of students seemed to not understand the activity, she re-explained the activity
directions to them. Jinda walked around the classroom to observe students’ performance
and to provide some guidance. After finishing the activity, students worked within their
group to develop conclusions from the activity. At the end of the activity, Jinda called
two representative students from each group, one group at a time, to report their group’s
work in front of the classroom. Jinda asked students several questions designed to
connect the concept that sound is produced by vibration and so, when they see vibration
in their glasses that corresponds to a sound that is produced.
Jinda:
Students:
Jinda:
Students:
Students:
Jinda:
Students:
Jinda:

What happened when you rubbed at the edge of glass?
Sound
Where does sound come from?
Glass
Water
Why did I tell you to put water in the glass?
To make sound.
Did any of you notice what does water look like when you
hear sound?
Students: Waving
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Jinda:

Why did I ask you to put water in one glass and colored
water in another glass? Was the sound from both glasses
similar?
Students: yes
Jinda:
So, why did I ask you to do that?
No answers from the students.
Jinda:
In what type of water were you able to see it waving easier?
Some students said colored water, but some students said plain water.
Jinda:
I put color in water to make it easier to see the vibration.
When you rub the glass, the glass will vibrate and make
sound. You can see the glass vibrates from water waving.
Jinda:
Tell me again what makes sound?
Students: Vibrations.
Jinda:
What did vibrate?
Students: Glass
Jinda:
How did you know it?
Students: Because water vibrates.
(Jinda, Classroom Observation)
Then, Jinda had students do another activity. She asked students to pair up and to
have one of them put their ear on the back of their friend and listen quietly. The students
took turns listening to each others’ backs. Jinda asked the students whether or not they
heard anything. The students replied that they could hear their friend’s heartbeat. Next,
Jinda asked students to hold fingers to their neck while answering her questions. The
students responded that they felt vibration inside their neck. Jinda explained about vocal
cords and how they vibrate and make sound. At the end of class, Jinda repeatedly asked
students how sound occurs.
On day two, Jinda started her classroom session by reminding students about the
previous activities. She gave a blank sheet of paper to each group of students and
explained the activities that they were about to do. Similar to day one, Jinda provided
clear directions to students twice in order to ensure that they understood the activity. It
should be noted that during Jinda’s directions, the students carefully listened to her (at the
beginning of the school term, Jinda said she and her students came to an agreement that
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the students needed to quietly listen to her and when they needed to talk they had to raise
their hand. If any of the students did not follow this rule, Jinda would deduct points from
the group). For day two, Jinda prepared two activities, which were in IPST Curriculum,
for the students. To begin the first activity, Jinda asked the students to fill four flasks with
water with different volumes. However, instead of following the activity directions as
provided to her, Jinda modified the activity. She asked each student in a group take turns
blowing on the edge of each flask instead of knocking at the flasks (as the original
directions said to) to see what happened. Before doing the activity, students were sure
that they would make sound when they blew on the flask. However, during the activity,
the students hardly heard sound. In addition, the findings and the conclusion that the
students made were absolutely opposite the results in teachers’ guide from tapping the
flasks. Jinda asked the students to repeat the activity and suggested that each student
blow on each flask with the same amount of energy. With students getting the same
results as the first time they did the activity. Jinda decided not to give the correct
information to the students right away, but encouraged them to try the activity again at
home. Then, Jinda asked the students to do the second activity by covering a box with
plastic bag. Jinda asked the students to compare the sound produced by both tight and
loose plastic bags. The representative students for each group came to the front of the
class and reported their findings. The group findings did not agree. The results from some
groups indicated that the sound from a tight plastic was louder than the loose one while
other groups indicated the opposite. Again, Jinda did not tell the students which answer
was right or wrong, but encouraged them to try the activity again after class.
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Science instruction on day three was in the typical classroom instead of a
laboratory classroom. Jinda aimed to wrap up for the students what they had learned in
the science classroom. At the beginning of the class, Jinda demonstrated to the students
the activity that filled four flasks with water. This time, Jinda decided to follow the
original activity directions by using a pencil to knock at each flask. Jinda asked students
to closely observe what happened to the water while she was knocking at each flask.
Jinda asked students to compare the phenomenon in each flask.
Jinda:

Water in which flask vibrate fastest? And water in which
flask is slowest?
Students: Small amount of water vibrates fastest and large amount of
water vibrates slowest.
Jinda:
How is sound from these four flasks different?
Students: The flask that has least amount of water produces highest
tone of sound [pitch] when the flask that has largest amount
of water produces lowest tone of sound.
Jinda:
What makes sound have different tones?
Students: water
Students: weight
Jinda knocked at the flask that has smallest amount of water
Jinda:
Tell me how fast the water vibrates when you hear the high
tone.
Students: very fast
Jinda:
How about the flask that produces the lower tone?
Students: slower
Jinda:
So, what makes sound have different tones?
Students: Vibration of water
Jinda:
What conclusion can you make from this activity?
Students: When water vibrates very fast, it produces sound in a high
tone. When water vibrates slower, the tone of sound will be
lower.
Jinda:
Is it necessary that sound is made from water vibration only?
Students: No

Jinda:
So, what could we say then?
Students: High tone is made when matters vibrate fast and low tone is
made when matters vibrate slowly.
(Jinda, Classroom Observation)
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Then, Jinda explained to the students that people used knowledge of pitch to make
musical instruments. Jinda asked students whether or not they had ever seen a guitar. She
asked students about the differences in the guitar’s strings. Then, she asked students to
explain what pitch they would hear from the biggest string and from the smallest string.
Again, Jinda repeatedly asked students what makes sound and pitch.
Before the end of the class, Jinda gave an assignment to students in order to assess
their understanding about this concept. In this assignment of the “sound” instruction,
Jinda provided the activity directions that the students did on the first day. She asked the
students to write down what types of pitch they expected to hear from brandy glasses that
contained differing volumes of water. Jinda walked around the classroom to observe
students’ working. Jinda noticed that many students still did not write the correct answer
on the assignment. At the end of the class, Jinda tried to correct students’ understandings
by asking them twice about how sound is produced and how they know that.
Teaching Orientation
Figure 17 represents my analysis of Jinda’s orientation. I found that, during the
interviews and classroom teaching, Jinda’s orientation to teaching the concept of sound at
the primary level consisted of two central goals, which included 1) developing accurate
understanding of science content and 2) creating positive attitudes toward science. Jinda’s
peripheral goals in teaching this concept were 1) to help students connect classroom
knowledge to everyday experience and develop awareness about the phenomenon and 2)
develop analytical reasoning and communication skills.
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Figure 17. Jinda’s Goals for Primary Science Teaching

Develop Analytical Reasoning
and Communication Skills

Develop Positive Attitude
toward Science

•
•

•

Make science fun and easy
Engage students in hands-on
activities
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to
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Develop Science Content
Understanding

•
•

= central goals;

Provide content knowledge to
students
Guide students to come up with
correct explanation of activities

= peripheral goals

Develop Relevance of Science
Knowledge to Students’ Daily
Lives
•

Provide connection of
knowledge to life experience

วิทยาศาสตรนม
ี่ ันเปนวิชาที่มอ
ี ยูในชีวต
ิ ประจําวันของเด็กตั้งแตเล็กๆ เลยคือเหมือนกับ
สัมผัสได เพราะฉะนั้น เด็กจะตองมีความรูพน
ื้ ฐานทางดานวิทยาศาสตรมาก ๆ มันสามารถ
ใชไดในชีวต
ิ ประจําวัน

Science is in students’ everyday life. They have to live with science, so it
is important for them to have fundamental knowledge of this discipline
because it is helpful for their lives. (Jinda, Interview #1)
In order to develop students’ understanding of science content, Jinda led students
to the content knowledge either through questioning, demonstration, or explanation. Jinda
expected that students should be able to apply knowledge that had been taught to real-life
experience.
เด็กตองรูวาเสียงเกิดจากอะไร เรียนแลวเขาควรจะนําไปใชประโยชนได นีค
่ ือจุดมุงหมาย
ไมใชแคเรียนเพื่อรูวา เสียงเกิดจากอะไร เสียงมาไดอยางไร แตควรจะเอาไปใชประโยชนวา
เมื่อรูแลวเราควรจะนําไปใชอะไรไดบาง

Students must understand how sound is produced. Just knowing is not
enough, they should be able to apply this knowledge in their lives. (Jinda,
Interview #1)
Although Jinda wanted to help students develop understanding of science,
development of positive attitude toward science among her students seemed to be her
primary goal for teaching primary science. Jinda indicated that science at primary grades
should be fundamental and not difficult.
เด็กตองสนุก งาย เด็กทําได ทําใหเด็กเคาไมเบื่อ ไมเครียด เด็กตองรูส
 ึกวาเรียน
วิทยาศาสตรนส
ี่ นุกนะ มันงายนะไมใชใหเคารูสึกวามันยาก เพราะสวนใหญเด็กจะคิดวาวิชา
นี้ยาก แตพอเคาสนุกและไดทดลองเคาจะคิดวามันไมยาก และเมื่อเรียนแลวตองนําไปใชใน
ชีวิตประจําวันเคาได เผยแพรความรูใ หคนอื่นได ไมใชแคเพื่อรูหรือเพื่อสอบ เด็กตองใช
ทดลองและทําจริงๆ

Students must enjoy learning it. It should not be too difficult otherwise
students will get bored. I want to help students to feel that science is easy
and fun and they can apply this knowledge in their life. Students should
have real experience in learning science and be able to share their
knowledge with other people rather than just knowing for the test. (Jinda,
Card Sort Activity)
In addition, Jinda mentioned that the activities for primary students should be fun and
exciting to them so students would not get bored.
อยากไดอะไรทีเ่ ปน high technology อยางเรียนเรื่องสัตว ไดผากบ แตอยางเรื่องเสียงทํา
ยังไงเด็กเคาจะไดตื่นเตน อยากไดกิจกรรมทีอ
่ ลังการหนอย คือถาเด็กสนุกเคาก็จะอยาก
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เรียน ไมเบื่อไมงวง ในระดับประถมเนื้อหาไมตอ
 งเรียนลึกมาหรอก ไวรอใหเคาโตกวานี้
พรอมกวานี้กอน ในระดับนี้ควรฝกทักษะใหเขารูจักคิดวิเคราะหและอธิบายไดแคนั้นพอ
ไมอยางนั้นเคาจะเครียดและทําไมคอยได ไมตอง concept ลงลึกแตใหฝกทักษะดีกวา
ดีกวาทําใหเด็กจะไมชอบวิทยาศาสตร

Science activities for primary students should be exciting, fun, and use
high technology. For example, students will like to do the dissection of the
frog to see its anatomy. I think the sound activities are too boring for
students. I want to have activities that are amazing for students so they
will be happy to learn. I think we should leave content knowledge to the
higher levels, but prepare primary students for the laboratory skills and
developing positive attitude toward science. We should make students
love science. (Jinda, Interview #1)
According to Table 14, Jinda realized that the teaching strategies in scenario 8 and
12 were closer to her teaching techniques.
Table 14
Jinda’s Arrangement and Interpretation of the Card-Sort Scenarios
Items
8

Scenarios
As a teacher, you want teachers to learn
about how sound is produced. You decide
the best way to do this is to demonstrate
students with various activities to verify a
science concept of vibration produces
sound. (academic rigor)

Jinda’s Interpretations
“I will bring a Chinese dulcimer to class to play
in front of students and ask them how it makes
sound. Then, I will allow them to explore
activities that I prepare. I agree about having
students do many activities because some
students can’t develop understanding from doing
just one activity.” (activity-driven)

12

You, as a teacher, have your students first
engage in laboratory activities in a book,
class discussion. You will end each activity
with your explanation of science knowledge
beyond those activities. (didactic)

“I won’t start by having them to do the activity in
the book. Instead, I will use other things, such as
games, songs and questions in order to call their
attention. I will provide opportunities for students
to develop their own explanation of the simple
activity. But, if I find the activity results are
unclear to them, then I will give an explanation.”
(didactic)

3

You, as a teacher, set up classroom lessons
for a unit on heat conduction. Using
resource elementary books, you select a
variety of fun, and easy-to-do activities.
(activity-driven)

“I’ll do the same things as stated in the scenario.
I’ll also look for activities from other resources,
such as Internet because I want students to do
many activities instead of one activity for one
concept. ” (activity-driven)

14

Your students have just completed a simple
circuit with multiple bulbs. For the next unit
on electricity, you ask the students to make
the bulbs light using a combination of wire,
bulbs, and switch. (guided inquiry)

“This activity is appropriate when students
already learn about circuits and know how the
circuits work. When they know it, we can let
them try to apply their knowledge to solve other
problems.” (discovery)
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Table 14 (continued)
Items
5

Scenarios
In an electricity unit, you, as a teacher, give
students batteries, bulbs and wires. You
encourage the students to find all the
possible ways to light the bulb. (discovery)

Jinda’s Interpretations
“This is the way that I like to do because it helps
students to develop analytical thinking.”
(discovery)

11

You, as a teacher, begin a unit on Sound by
introducing curriculum, explaining
materials, allowing students doing
activities, and you explaining the concepts
at the end of activities. (didactic)

“I won’t explain the curriculum, but I’ll start by
engaging them with an exciting activity or game
or other things. When the students get excited,
they will be ready to learn. Then, I’ll assign them
to do the activities that I prepare for them.
Students have to develop their own explanation
and conclusion of the activities. I will wrap-up
and explain about the content after that.”
(didactic)

According to scenario 8, Jinda indicated that in her science classroom she liked to
provide first-hand experience to students by having them participate in hands-on
activities or science projects. She also agreed that students should have opportunities to
do many activities addressing a particular concept in order to help them develop a clearer
understanding of that concept.
ก็คิดวาจะเอาขิมมาเลนใหนักเรียนฟงแลวถามเคาวาเสียงมาจากไหน จากนัน
้ ก็ใหเคาลอง
ทํากิจกรรมดู อันนี้เห็นดวยที่ใหเคาทําหลายกิจกรรม เพราะเราก็เตรียมใหเคาหลายกิจกรรม
เหมือนกัน บางทีนักเรียนเคาทํากิจกรรมเดียวเคายังไมทันรูห
 รอกวาอะรไรเปนอะไร ตองย้ํา
เคา ใหเคาทําเยอะๆ

I will bring a Chinese dulcimer to class to play in front of students and ask
them how it makes sound. Then, I will allow them to explore using
activities that I prepare. I agree about having students do many activities
because some students can’t develop understanding from doing just one
activity. (Jinda, Card Sort Activity)
While Jinda reflected on this scenario, she mentioned her plan for teaching the sound
lesson as an example. She stated that she might use only one musical instrument instead
of using many instruments. The purpose of using the musical instrument was to
encourage students at the beginning of the class to think about how they could hear sound
and how the musical instrument made different pitches. Then, she would encourage the
students to explore using the activities that she prepared for them.
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According to scenario 12, Jinda mentioned that she did not provide explanations
and information about the activity to students every time. Rather, she would let the
students work within groups to develop their own explanations and conclusions and
report their findings and conclusions to the class. She mentioned that:
อันนี้กํากึ่งนะ เพราะบางอันก็ไมทุกครั้ง กิจกรรมงายๆ เด็กเคาสามารถอธิบายความรูออกมา
ไดเลย ครูไมตอ
 งสรุปให แตถา กิจกรรมไหนยากๆ ก็จะชวยเคาอาจจะอธิบายเคากอน หรือ
หลังจากการทดลองตามแตเนื้อหานั้นๆ

I cannot decide for this scenario because I don’t give explanations to
students when the activity is simple. However, when the activity is more
abstract, I will give explanation or instruct them either before or after they
do the activity. (Jinda, Card Sort Activity
In the second card sort activity, Jinda indicated that she would guide the students to the
conclusion of an activity that she thought it was too abstract for the students.
According to scenario 3, Jinda indicated that she agreed with this scenario in
terms of selecting easy and fun activities for students. However, she did not select the
activity from only one resource, but looked for other activities and information from
other resources, such as Internet.
สวนใหญเราจะเอากิจกรรมในหนังสือที่เรามีใหเรียนของหลายๆ สถาบัน เราก็จะเนนตามนั้น
เราไมไดยึดกับหนังสือเลมเดียว อยางบางทีเราก็หาทาง Internet หรือไมก็ใหเด็กไปหา
แลวมาเลาใหฟง

I usually select activities from many resources. I don’t stick to only one
curriculum. Sometime I also find activity or information from the Internet.
Or, I ask students to look for information from the Internet as well. (Jinda,
Card Sort Activity)
Although Jinda strongly agreed that students should have opportunities to engage
in hands-on activity, she did not agree with many scenarios, such as scenario 6, 10, and
15, where students designed their own experiments. Jinda realized that this strategy was
crucial in science learning, but she did not believe that primary students could take this
level of responsibility. Jinda’s comment on these scenarios was based on her teaching
experiences. She explained that:
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ถาเราจะแนะใหเด็กทํา แลวใหเด็กอภิปรายและสังเกตเด็กคงทําไดแตถาใหเด็กออกแบบ
เองนี่คอนขางวาเด็ก ป. นาจะยังทําไมไดถาใหเคาออกแบบเอง แตถาเราแนะเคาบางวาจะ
ทําอยางไร นาจะดีกวาใหเคาออกเอง ถาใหเคาออกเองเคาคงทํากันไมไดหรอก บางทีเรา
เองเรายังนั่งนึกเอ เราจะออกแบบยังไง บางทีครูก็ยังทําไมไดเหมือนกันถาไมมีสื่อแนะมา
จากหลักสูตรของกระทรวง บางทีเรายังนึกไมออกเลยวาเราจะทํายังไงดีที่เด็กถึงจะทดลอง
ไดรูเรื่อง เพราะฉะนั้นเด็กคงจะทําไมได แตก็ยงั ไมไดทดลองนะวาเด็กเคาทําไดมั้ย เคาคิด
เองอะไรเอง ยังไมไดลองดูวาเคาทําไดมั้ย

I might have students do this activity except design and carry out their
own experiment. I think it is too difficult for students, they cannot do it.
Sometimes adults, such as me, still have problems with designing
activities and teaching that could be easy for students to understand the
expected concept. So, I don’t think students can do it although I never
tried with students before. (Jinda, Card Sort Activity)
Jinda indicated that she never tried to allow the students to carry out their own
experiment. This anxiety came from her experience where even she, who had more
knowledge than students, still had difficulties in designing an activity that would be
appropriate for a particular grade of students. Hence, she did not think that students, who
had limited knowledge and experience, would be able to complete this task without
teachers’ guidance. Thus, it appeared in her teaching that Jinda preferred to provide
guided activities to students rather than having them design their own investigations.
Jinda’s anxiety about students’ ability appeared again when she reflected on scenario 5.
Jinda’s comment on this scenario was that students could do the activity stated in the
scenario only when they already had knowledge of electricity and circuit concepts. In
other words, Jinda indicated that the students should do other activities that provided
basic understanding of how simple circuits worked before doing the activity stated in this
scenario.
อันนี้เคาตองมีความรูเรื่องไฟฟามาแลวใชมย
ั้ คะ เพราะฉะนัน
้ เคานาจะทําได เราตองใหเคารู
กอนวาวงจรไฟฟาตอยังไง ตออนุกรม ตอขนานอะไรอยางนี้ ก็ตองใหเคารูกอน พอเคารูแลว
เคาก็นาจะทําได แตถาใหเคาอยูๆ มาตอๆ เลยนี่เคาไมนาจะทําไดนะ มันคอนขางยากเรารู
วาตัวเองเปนครูบางทีรส
ู ึกวาตัวเองยังคอนขางสับสนกับมัน ตองใหครูที่เปนผูชายสวนใหญ
เขาจะเกง

To do this activity, students have to learn the electricity unit before. When
students know how to make simple and parallel circuits, then I think they
can do the activity as stated in this scenario. If they don’t know it before, I
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think this activity will be too difficult for them and I don’t think they can
do it. Like myself, I am teacher, but I still get confused about how to make
the circuit complete. I still have to ask other teachers who are male
because they are good about electricity. (Jinda, Interview #1)
The excerpt reveals that although Jinda wanted to help students to develop skills that
were necessary in learning science, such as analytical skills, her anxiety about students’
ability caused her to avoid providing opportunities for students to perform science
without her guidance.
Furthermore, when she was asked about the purpose in giving students a blank
sheet of paper instead of an observation sheet, Jinda’s answer showed that the reason for
doing this was irrelevant to science instruction. Jinda indicated that many of students had
poor writing skills. So, having them write down their results on a blank sheet of paper
would help them with the Thai writing skills.
แนวคิดคือเด็กเดี๋ยวนี้เขียนหนังสือไมคอยเปน ก็เลยอยากฝกใหเด็กไดหด
ั เขียนหนังสือ พอ
ไดเขียนก็จะไดจํามากกวาการเติมในใบบันทึก

Students don’t have good writing skills. I want them to improve this skill.
Furthermore, students can better memorize when they have to write
everything on their own than when they just fill in the blank on an
observation sheet. (Jinda, Interview #2)
Through specific interview probes on teaching the sound concept, Jinda wanted
students to understand on how sound is produced, the properties of sound, and how
people hear sound. In addition, to develop content knowledge on sound, Jinda wanted
students to be able to apply the knowledge that they learned to everyday experience, such
as keeping themselves away from dangers caused by sounds.
เด็กตองรูวาเสียงเกิดจากอะไร เสียงแตกตางกันยังไง ทําไมถึงแตกตางกัน แลวทําไมเราถึง
ไดยินเสียง ทีส
่ าํ คัญคือ เรียนแลวเขาควรจะนําไปใชประโยชนไดควรรูวาเสียงแบบไหนเปน
อันตรายกับหูของเคา

Students must know how sound is produced and how and why we hear
sound differently. The most important thing is they need to know what
types of sound can be dangerous to them so they can know how to take
care themselves. (Jinda, Interview #2)
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Although understanding accurate content knowledge in science was one of Jinda’s
central goals, Jinda mentioned that the current reformed standards required primary
students to learn content knowledge in science that was too deep and beyond the
students’ needs. She indicated that:
รูสึกเด็กจะไดเรียนยากขึ้น บางทีอยางเนื้อหาบางเรื่องเขาควรจะเรียนรูใ น ระดับมัธยม
มากกวาที่จะมารูในระดับประถม อยางเชนเรื่องไฟฟาเด็ก ป3 ตองรูแลวซึ่งเมื่อมันคอนขาง
ยากเรารูวา ตัวเองเปนครูบางทีรูสึกวาตัวเองยังคอนขางสับสนกับมัน ตองใหครูที่เปนผูช
 าย
สวนใหญเขาจะเกง จําไดวาตอนอยูประถมมันไมมีอะไรขนาดนี้หรอก ทําไมมันยากจัง พอ
มันยากทําใหเด็กบางทีไมอยากเรียนวิทยาศาสตรเหมือนกันนะ พอยากมันเหมือนเขาทอไม
อยากจะเรียนคือใหเขาพรอมจะรูในระดับโตขึน
้ กวานี้หนอยดีกวา จะทําใหเขาไมเกลียดวิชา
นี้

I think it [science] is more difficult for students. Some concepts they
should learn at middle or high school rather than primary school. For
example, I don’t agree with having third graders learn circuit and
electricity. Based on my experience as a college student, this concept was
really confusing to me and I need to get some help from male teachers. I
remember that it was not this difficult when I was at primary level. I am
afraid that it will make students hate science. We should wait until
students are ready. (Jinda, Interview #1)
Jinda stated that although she believed in students’ capabilities and their abilities to learn
all the concepts that were requested by the standards, she also believed that some
concepts, such as circuit and electricity should not be taught at the primary level. She
indicated that she felt too much content knowledge would put too much pressure on
students to do well and, as a result, they would hate science. Hence, in Jinda’s opinion,
content knowledge for primary students should be superficially presented through firsthand experiences which were fun and exciting in order to develop positive attitudes
toward science. Also, elementary science teaching should emphasize improving students’
scientific skills, such as reasoning, communication, and laboratory skills, which they
might use later in higher science education.
[เนื้อหา] ลึกไปควรฝกทักษะใหเขารูจักคิดวิเคราะหแคนั้นพอ ใหเขารูบางแตไมถึงขนาด
ตองรูยาก ๆ มากไปพอเห็นหลักสูตรใหม แลวงงเหมือนกันทําไมเขาใหเด็กเรียนหนักเกินไป
หรือเปลาคือมันคอนขางยากไปสําหรับเด็กประถม บางทีเขายังคิดไมออกอะไรยังไง รูแควา
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มันมีประโยชนยังไง ก็นาจะพอแลวไมนาจะมาลงละเอียดวาตอแบบขนาน ตอแบบอนุกรม
มันไมควรจะขนาดนั้น แตรูวาประโยชนของไฟฟาคืออะไรดีกวา ชวยกันอนุรักษไฟฟากัน
ดีกวา อยางนี้จะดีกวา กลัววาเด็กจะเครียดและทําไมคอยได ไมตอง concept ลงลึกแตให
 ก
ึ
ฝกทักษะดีกวา ดีกวาทําใหเด็กจะไมชอบวิทยาศาสตร บางทีระดับประถมอะ เนื้อหามันรูส
วาทําไมจะตองยัดเรื่องยากๆ มาใหเด็ก อยางนอยใหเด็กเคารักวิทยาศาสตร พื้นฐานประถม
กอน มัธยมคอยไปจับยัดใหเคา ดีกวามาเรียนฟสิกส เคมี อะไรอยางนี้ นาจะเปน เออ เรียน
แลวเคาสนุกเนอะ เอาอยางนี้ดีกวา อยากใหเด็กไดเรียนสนุก คือเนื้อหาอยาไป serious กับ
มันมากนัก ถา serious แลวเด็กเคาเบื่อ นาจะไปแบบเออมัธยมนูนละแลวคอยวากัน นี่เด็ก
ประถมนะใหมันอานออกเขียนได ใหมันสนุกทีจ
่ ะเรียนก็โอเคละ

It is too deep. We should emphasize scientific skills at this level. I am
disappointed with the new curriculum because it contains too much
content knowledge for students. In teaching at the primary level, we do not
have to go in depth. Students should only know the part of information
that will be helpful for their daily life. Primary students should be trained
to develop laboratory skills. We should make them love science rather
than hate science. We can just leave the content knowledge to the middle
school students. (Jinda, Interview #2)
Jinda revealed that if she could design her science teaching independently, her science
curriculum would include general knowledge in science that related to students’ life and
society.
In summary, like other participants, Jinda displayed multiple primary science
orientations, which influenced her teaching. Jinda displayed an activity-driven
orientation, which supported her central goal for teaching primary science. Jinda’s central
goals were to develop accurate science content knowledge and to instill a positive attitude
toward science. In order to help the students meet these goals, Jinda chose to use firsthand experience through hands-on activities as the means in her science classroom. Jinda
displayed an activity-driven orientation in terms of having students participate in handson activities in order to discover the expected outcomes. Jinda’s modification of the
sound activity revealed that she had limited content knowledge of the concept of sound
and did not clearly understand the purpose of doing that particular sound activity. In
addition, Jinda preferred to expose primary students to the fun and amazing hands-on
activities as a way to make students enjoy learning science rather than to develop
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understanding of the concepts. In other words, Jinda saw hands-on activity as a tool to
make students love science rather than a tool to facilitate their learning science.
In addition to the activity-driven orientation, Jinda also displayed an academic
rigor orientation. Although Jinda did not agree with the standards that covered too many
concepts at primary levels, she allocated time for the students to understand the concepts
that were in the standards. Jinda used several teaching strategies, such as posing and
repeating questions, providing activities, and demonstrations to help students verify the
concept of sound. Classroom observations and specific interviews also reveal that Jinda’s
belief about primary science teaching, her anxiety about primary student’ capabilities and
her content knowledge in science influenced her decisions in the designing and
implementation in the classroom.
PCK for Primary Science Teaching
Knowledge of students’ understanding of science. In the sound lesson, Jinda
indicated that the concepts involving components of ears and frequency were the most
difficult concepts for students. However, it was revealed that Jinda saw these two
concepts are difficult to learn because Jinda herself did not have solid understanding of
the concepts.
นาจะสวนประกอบของหู มันเปนชีวะ เราไมคอยถนัดมันคอนขางที่จะยากพอสมควร ทั้ง
สวนประกอบของหูคอรเดีย ทัง้ อะไรสารพัด มันเหมือนกับเปนการใหเด็กทอง มันอยากให
เรียนรูโดยทํายังไง โดยเด็กไมตองทองใหเห็นจากของจริง มันคอนขางยาก เราจะทํายังไง
ดีอยากไดมันคอนขางจะยากมันอยูขางในมองไมเห็น

The components of the ear are difficult for me to teach because I don’t
have biology background. I like to have students learn from hands-on
activity or real experience, but this concept seemed to be difficult to teach
that way because it is invisible. (Jinda, Interview #1)
Thus, she worried that she might not do a good job in facilitating students’ understanding
of these concepts. In addition, she did not want students to learn by memorizing even
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though she did not know ways to help students to understand these concepts without
memorization.
Regarding knowledge of student difficulties, Jinda indicated that she did not think
students would have any learning difficulties if they had opportunity to do the activity.
Similar to other participants, Jinda exhibited limited knowledge of the learning process
where prior knowledge and experiences of learners influence learning. This claim is
evident when Jinda reflected on scenario 1 during the card sort activity. She did not agree
with scenario 1 that had the students draw a picture of sugar in water. Jinda mentioned
that this activity was simple and students could do it in the classroom. She thought
teachers should allow students do this activity and then discuss as a whole class about the
phenomenon they observed.
ใชของจริงเลยซิคะ ทําไมตองวาดรูป เอาน้ําตาลมาใสน้ําใหนก
ั เรียนดูเลย ควรใหเด็กไดเห็น
ของจริง ทําการทดลองกอน แลวมาอภิปรายกันวาเกิดอะไรขึ้น

Students should see and do it. Why do we have students to draw picture
when they can do it by putting sugar into water and observe? We should
provide direct experience to students first and then discuss with students
about that experience. (Jinda, Card Sort Activity)
Jinda’s activity-driven orientation and knowledge about students learned through firsthand experience led her to overlook an other teaching approach that could influence the
learning process.
Knowledge of science teaching strategies. Jinda’s experiences in science as a
learner and as a teacher led to her distrusting students’ abilities in controlling their own
learning. This belief led to Jinda’s decision to use a teaching strategy that required
students to follow activity directions closely.
อันนี้ใหสํารวจ แตออกแบบการทดลองเราไมไดใหทํา อาจจะเพราะวาเรายังไมมั่นใจในตัว
เด็กวาจะทําไดหรือเปลา แค ป. 5 ก็เลยไมคอยจะเห็นดวย

I have students do the investigation. I don’t have confidence that 5th grade
students can design their own experiment. (Jinda, Card Sort Activity)
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Thus, Jinda taught science by providing opportunities for students to do activities and
create their own explanation about the activities. For the abstract concepts, Jinda
provided explanations instead of having students generate ideas. However, Jinda did not
demonstrate her knowledge about each step in teaching science in terms of its importance
in facilitating students’ learning.
Jinda indicated that she worried about teaching the components of ears and she
believed that students might have difficulties learning this topic. In order to help students
learn this topic, Jinda exhibited knowledge of ways to represent this topic by preparing a
PowerPoint presentation on ears. She also prepared a model to represent each component
of the ear that functions to enable people hearing. She also asked students to look for
information about ears through the Internet.
ทํา power point ใหเด็กเห็นเปนรูป เราเอาของจริงใหดูไมได เราก็จะมียางพาราที่
โรงเรียนซื้อเอาไวเปนสวนประกอบของหู เปน modelใหเด็กดู เราใหเด็กเคา search ใน
internet แลวก็ใหใบงานวางเปนฐานแลวใหเคาเดินดูกอน 1 รอบแลวเสร็จแลวใหเคาตอน
แรกใหใชวิธจ
ี ํากอน พอครั้งที่ 2 ก็ใหเขียน คือเด็กเคาสามารถพูดไดอะ

I prepared PowerPoint presentation about components of ears to students.
I will also show the ear model to student and let them remember the ear’s
components. Then, I will have students write these components on the
worksheet so they can remember them. I will also assign students to
search for more information about ears. (Jinda, Interview #1)
However, I found that comparing Jinda’s teaching strategies for this topic to other topics,
she focused on providing information and knowledge to students directly in order to help
students memorize components of the ear and their functions.
ดูเหมือนเราคิดเองวายาก แตเด็กเคากับเขาใจ อยางเรื่องอวัยวะภายในของหู เรามี
ความรูส
 ึกสอนยากนะ โดยที่เราคือพอสอนเรือ
่ งเสียงปุบ ตรงนี้เลยหวงวาเด็กจะเขาใจมัย
้ วะI
อะไรอยางนี้ เด็กจะรูเรื่องมั้ยนี่ แตพอใหเคาเดินดู model หูแลวใหลองจําจากนั้นก็เขียนดู
ปรากฏวาเคาเขาใจ เคาตอบได

It seems like I just think from my side that the components of ears might
be too hard for students to understand. I feel like it is difficult to teach and
worry whether or not students will understand my explanation. But, after
teaching by showing them an ear model, asking them to memorize each
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component of ear and write those names on the worksheet, I find that
students understand it. They can answer the questions I give to them.
(Jinda, Interview #2)
Jinda used the same strategies when she taught the concept of frequency. However, she
stated that she did not worry whether or not students could memorize this information.
She only wanted students to develop awareness about what types of sounds were
dangerous to their ears.
อยางเรื่องความถี่นี่ก็คอนขางหนักไปเหหมือนกัน แตเด็กเคาไมคอย serious มากเทาไหร
คืออยากรูแควาเสียงเทานี้เปนอันตราย เสียงมันดัง เราเนนแควาหนูอยาไปอยูในที่เสียงดัง
จะไมใหจําวาดังเทาไหรถึงจะอันตราย ใหแคฟงแลวเรารูส
 ึกรําคาญ อยางนีก
้ ็อันตรายแลว
เราไมเนนใหจําแตเนนที่เคาใชในชิวต
ิ ประจําวัน

I think teaching frequency at the primary grade is too much. But, I am not
too serious with it. I just want my students to know the danger of loud
voice, so they can take care themselves about safety. I won’t emphasize
making my students memorize that information, but I will help them to
apply knowledge to their life. (Jinda, Interview #2)
Jinda’s instruction on the concept of pitch revealed that she had modified the
activity by having students blow on top of each bottle containing water instead of
knocking it. This reveals that in addition to her limited subject matter knowledge, Jinda
also displayed limited understanding of the activity that could help students to develop
understanding of pitch. She did not understand the relationship between the activity and
the concept of vibration and pitch.
เพราะวาเอ ทําไมเราไดแตใชมือเคาะ ทําไมไมใชอยางอื่นดู ลองดูไดมย
ั้ เคยมีอยูท
 ีที่เรา
ลางขวดแลวเราลองเปลา เราก็เอะ มันก็มีเสียงนี่ ลองใหเด็กลองเปาดูสิ ซึง่ กอนทําเราก็ลอง
เปาดูนะซึ่งมันก็มีเสียงนะ

I wonder why we have to knock it only. Can we use other methods to
make sound? Then, I know that when we blow at the top of bottle, it has
sound. I did a pre-lab before having students do it, and it worked. So, I
tried this new method with my students. (Jinda, Interview #2)
Jinda believed that this activity did not work because students did not have as good skills
as an adult in order to perform well on the activity.

285

เพียงแตเด็กเคาอาจจะยังสังเกตไดไมเกงเทากับเราเทาไหร แลวบางคนประหมาเลยเปา
แบบเบาๆ แลวบางคนเปาแตละขวดดวยแรงไมเทากันมันก็เลยเกิดความแตกตางกันอยาง
เห็นไดขัด

They didn’t observe carefully. Unlike us, they don’t have good skills.
Some students were shy to blow the bottle so they blew it gently when
some students blew each bottle differently. So, the results were different
from what it supposed to be. (Jinda, Interview #2)
Knowledge of science curriculum. Based on the interview and card sort activity
with Jinda, she did not clearly demonstrate her understanding about curriculum. Jinda
only determined that the new science curriculum was more difficult for students than the
previous one. Jinda indicated that the content knowledge in this curriculum was too
advanced for teaching at primary grades.
เนื้อหามันรูสึกวาทําไมจะตองยัดเรื่องยากๆ มาใหเด็ก มัธยมคอยไปจับยัดใหเคา ดีกวามา
เรียนฟสิกส เคมี อะไรอยางนี้ นาจะเปน เออ เรียนแลวเคาสนุกเนอะ สวนเนื้อหาลึกๆ คอย
ไปไว มัธยมนูนละแลวคอยวากัน นี่เด็กประถมนะใหมันอานออกเขียนได ใหมันสนุกทีจ
่ ะ
เรียนก็พอแลว

I don’t understand why they have to put difficult things in elementary
grades, such as physics, chemistry. I think these two areas of science
should be included in middle or high school rather than in elementary
levels. Science teaching at elementary grades should be fun, develop
writing and reading skills. That should be enough. (Jinda, Interview #2)
During the interviews with Jinda, she did not show an appreciation of the new
curriculum. She indicated that she wanted the curriculum to reduce content knowledge
and get rid of some concepts, such as electricity. Jinda believed that knowing content
knowledge in depth might not be the first priory in teaching science at the primary levels.
Knowledge of assessment of scientific literacy. Jinda displayed her general
knowledge about assessment. She indicated that she adopted several assessment methods
to assess students’ understanding, including student-generated products, attention and
responses to questions, and scores on tests.
ก็มีใบงานใหนก
ั เรียน ใชวิธส
ี อบถามเพราะบางคนเขียนไมเปนถายทอดไมเปน แตเคาพูดได
อยางเด็กป. 4 เนี่ยบางทีเคายังเขียนหนังสือไมได เพราะฉะนัน
้ เราจะใชวิธีแคทําขอสอบ
ขอเขียนนี่ไมได ตองมีการ observe ขณะทําการทดลองเด็กสนใจมากแคไหน พอทดลอง
แลวไดผลถูกตองมั้ย แลวเด็กสนใจที่จะซักถามมั้ย คือมันตองีหลายๆ อยาง สอบอยางเดียว
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ไมได เพราะเด็กบางคนไมสามารถอธิบายเปนการเขียน เหมือนกับใหเราเขียนเรียงความนะ
ไมเคยเขียนไดสักที เพราะฉะนั้นใชวิธส
ี อบขอเขียนอยางเดียวคงเปนการทํารายเคา

I use many ways, such as providing worksheet, and questioning. Some
students are not good in communicating through writing, but they can
orally explain. Students at some grades, such as grade 4, cannot write
properly. So, I cannot assess them from only testing. I also do authentic
assessment by observing their attention and interaction during classes. If
we use only one method, it means we are hurting students. (Jinda,
Interview #2)
However, Jinda did not clearly exhibit her knowledge of specific instruments or activities
that she used during teaching the sound unit to assess important aspect of students’
learning.
In summary, Jinda exhibited poor PCK. She did not have enough understanding
about students’ understanding of the sound concept that she taught. She did not display
knowledge about either students’ learning difficulties or misconceptions of the sound
concept. The difficulties about the components of the ear that she mentioned during the
card sort activity and the interview were due to her limited subject matter knowledge in
biology. Thus, she felt it was difficult for her to teach this topic. Jinda also exhibited poor
knowledge of teaching strategies, curriculum, or assessment. She did not explicitly
demonstrate the strengths and weaknesses of the teaching strategies and assessment
instruments she used. In addition, it is evident that her lack of subject matter knowledge
influenced the effective use of other types of knowledge. For example, Jinda did not like
to have students learn through memorization. However, her lack of subject matter
knowledge in biology led her to teach the ear lesson through rote learning. Furthermore,
poor subject matter knowledge in the sound concept led her to modify the activity such
that it did not support the concept that she expected to teach.
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Wanna’s Implementation, Orientation, and PCK for Science Teaching
Classroom Implementation
Wanna was going to teach concepts on the properties of liquids and gases to fifth
grade students during my observations of her teaching. On day one, Wanna asked her
students whether or not they could give names of types of matter that were not in a solid
state. Students raised their hands and gave several names. Then, Wanna told students that
they were going to explore the properties of matter in the liquid state. Wanna recalled
students’ knowledge about properties of solid by asking students:
Wanna:
Students:
Wanna:
Students:
Wanna:
Students:
Wanna:
Students:
Wanna:

Does matter in solid phase have mass?
Yes.
Does it have volume?
Yes.
How is its volume?
Consistency. Not change by its container.
How is its shape?
Consistency.
How about matter in the liquid phase? Do you think it have
mass?
Students: Yes.
Wanna:
Are you sure? How about volume? Is it consistent?
Students: No [do not sound confidently]
Dang:
Do you mean 2 liquids are mixed together or only one
liquid?
Wanna:
Only one liquid. Does it change volume when you change
the container?
Dang:
So, it is consistent because it is the same liquid then no
matter how many time you change the container, its volume
is still the same.
(Wanna, Classroom Observation)
Wanna asked other students whether or not they agreed with Dang, a student who was a
school representative for academic competitions. When Wanna saw most students agreed
with what Dang said, then she asked students to read the activity directions. The activities
that Wanna provided for the students were from IPST Curriculum. These activities were
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the same activities that Wanna participated in during the PD. After students finished
reading, Wanna asked students to explain to her what they had to do rather than her
explaine about the activity to the students. For example, instead of explaining to students
about the process of finding the mass of water and letting students do the activity,
Wanna asked students to explain the reasons for their actions. Wanna also asked students
that:
Wanna:

Why can’t we just weigh water without a graduated
cylinder?
Students: Because water will spill over.
(Wanna, Classroom Observation)
After Wanna ensured that students really understood what they had to do, she
allowed them to perform those activities independently while she walked to each group
of students. When students finished all activities, Wanna gave a (18’ W x 24’ L)
whiteboard to each group of students and asked them to design a table that would
represent their findings. When Wanna noticed that all groups finished this task, she asked
each group to put their board in front of the classroom. Wanna asked students to vote for
each table and gave the reason of their decision. At the end of class, Wanna asked
students to orally explain their findings and provide a comparison of the properties of
liquid to solid.
On day two, Wanna gave a problem sheet to each student. The problem had a
picture as shown in Figure 18.
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Figure 18. Problem for Assessing Student’ Understanding of the Properties of Liquid
Wanna asked students to color the picture that represented the level of water after it was
poured from container A to container 1. Wanna adopted this activity from another
resource. She used this activity to elaborate students’ understanding about liquid. Wanna
allowed students to do this activity for about 10 minutes. While students were coloring
the picture, Wanna observed each student and noted that students colored the picture
differently. Then, Wanna asked some students to volunteer to explain the reason behind
their coloring. Several students raised their hands. However, Wanna picked students
whom she noted had thought differently about the pattern of water flowing into each tube
and its level.
Wanna noticed that students displayed a variation of ideas about water flowing.
She allowed students to discuss and ask questions. Instead of answering students’
questions herself, Wanna asked other students to answer their peers’ questions. Wanna
provided about 15 minutes for questions and discussion then she provided an explanation
to students and showed a picture by some students that had the correct answer. After
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Wanna explained to students, she asked whether or not students agreed with her. A
portion of discussion between Wanna and students is shown:
Wanna:

When we pour water from container A into tube 1, the air
pressure over tube 1 will push water down to the tube and
fill the horizontal tube. Then, the remaining water will be
pushed into tube 2, 3, and 4 at the same time. At the end,
each tube will have the same level of water.
Wanna:
Does anyone doesn’t agree with this explanation?
Several students raised their hands. Then, Wanna asked Sombat, one of
those students.
Sombat: I don’t think each tube will have same the level of water
because they have different shapes.
Wanna did not respond to this comment, but called another student,
Pong.
Pong:
Tubes 2, 3, and 4 should have air pressure over each tube
like tube 1, why does water in the horizontal tube still go up
into the tubes?
Wanna:
Because there was plenty of water in tube 1, so it flowed
down.
Pong:
Does water in tube 1 replace air in tubes 2, 3, and 4?
Wanna:
Yes.
(Wanna, Classroom Observation)
Then, Wanna decided to stop the conversation and asked students to write down
their conclusion regarding the properties of solid and liquid in their journal. She did not
come back to Sombat’s question. Instead, Wanna gave a whiteboard to each group of
students and asked them to design a table that presented a comparison of properties of
liquid and solid. Similar to the previous day, Wanna had students vote for the table that
had the best presentation. Wanna asked several of the students to read their conclusion
about the properties of liquids. The majority of students asked Wanna about the meaning
of molecule when one student used this word in his conclusion. Wanna used an analogy
of students holding their hands tight and loose to represent the molecules of solid, liquid,
and gas.
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Wanna taught the property of gases on day three of my observation. Wanna’s
teaching strategies on this topic were different from those used to teach about liquids.
Wanna sated that she was forced by timeframe (during that month there was an
unexpected issue that caused schools in Bangkok area to be off for several days). Thus,
Wanna only had 1 hour to teach the concept on gases. The activities of gas concept were
selected from the IPST Curriculum, which also were the same activities that the PD
provided for teachers. Unlike the liquid activities, Wanna told students what they should
observe during the activity. Rather than allowing for a class discussion, Wanna decided
to explain the activity directions to students before allowing them to participate in the
activities. However, Wanna still provided opportunities for students to develop their own
explanation from doing activities. She also allowed students to ask questions. Rather than
answer those questions herself, Wanna asked other students in the classroom to help
answering the questions. Regarding the activities, some students did not totally agree
with their friends’ or Wanna’s explanation. However, unlike day two, Wanna did not
provide an opportunity for those students to share their ideas. Instead, she decided to
ignore those questions and moved on to the next planned activity. In order to help
students visually understand that gas molecules spread over the container, Wanna
demonstrated an activity, which she chose from other resource, by lighting a joss stick
and putting it in a bottle. Wanna asked student to observe smoke of the joss stick. Wanna
asked students if the smoke represented gaseous molecules, how they would conclude the
property of gas in terms of its volume. At the end of the class, Wanna asked students to
write about the property of gases based on the activities in their journal and hand to her.
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Teaching Orientation
Figure 19 represents my analysis of Wanna’s orientation. I found that Wanna’s
orientation to teaching states of matter topic consisted of two central goals, including 1)
developing students’ understanding of science content and 2) developing scientific skills
necessary for doing science. Wanna’s peripheral goals for teaching primary science were
to 1) develop understanding of phenomena and making connection of this understanding
to students’ experience and 2) prepare students for academic competitions at the local and
national levels.
Wanna stated that the main purpose of teaching science at the primary level was
to help students understand phenomena because they were around these things. Also,
Wanna said that science is fundamental knowledge that students need to know. However,
science content knowledge for primary students should not be too abstract; rather the
content should be familiar to students or closed to their life. As Wanna said:
ควรจะเอาสิ่งทีย
่ ูใกลตวั เขามากที่สด
ุ ถาพูดถึงไกลตัวบางทีเขานึก เราก็ไมรูวาเขานึกอยางที่
เรานึกหรือเปลา อยางเราบอกอะไรเขาไป เขาไมเคยเห็นเขาไมเคยอะไร เขาก็อาจจะนึกไม
ตรงกับเราก็ไดดังนั้นก็ควรเอาสิ่งใกลตัวที่เขาสามารถรู สามารถเห็นจับไดอะไรได จะทําให
เขามีประสบการณดีขึ้นกวาเดิม

To teach any topics, I will start from something that is close to students’
experience. Because I don’t know if I talk about something that they have
never seen, they will understand what I am saying. They may think
something differently to what I anticipate them to do. So, I will make sure
that students know or have some ideas about my talking. And, I think
doing this way is appropriate in that I can help students to develop
understanding about the phenomenon that they already have experienced.
(Wanna, Interview #1)
Wanna also indicated that students should have opportunities to develop skills necessary
for doing science. To meet this goal, Wanna designed her teaching by having students
participate in hands-on experiences. Furthermore, Wanna stated that in the second term of
school year she would provide laboratory testing for her students. Each student picked the
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topic through drawing. Then, they had a week to design and prepare an experiment on
that topic.
เวลาอยางเรียนเวลาทดลอง ถาเวลามันพอก็จะใหเขาออกมาทดลอง สวนมากจะเปนเทอม
2 เพราะไดทดลองมาเยอะแลว เคาจะจับสลากใหเขาทดลองเรื่องนี้เขาจะตองเตรียม
อุปกรณอะไรมาบาง แลวหาวาทําการทดลองยังไง ดําเนินการยังไงและจะสรุปอยางไรให
เตรียมตัวมาอาทิตยนึง เราเอาชื่อเรื่องใหเขา เชน เรื่องแรงดันอากาศเขาจะใชอะไร เพราะ
มันมีไดหลายอยาง เขาจะเลือกเอาแบบไหนละ เขาก็จะทํากันไดดีโรงเรียนเราก็มีสง
นักเรียนไปแขงกระบวนการทางวิทย ก็ไดรางวัลมาเยอะ

In the second school term, I will assign students to prepare for
performance testing. Students will draw for a topic that they have to
prepare. They already did the activities on those topics in the first term.
So, they just go back to the book and prepare materials. Some topics have
many activities, so students can decide what activity they want to do. I
think students did a good job on this task. In addition, our school always
sends students for competitions so we have to train them. (Wanna,
Interview #1)
Wanna indicated that this strategy helped students develop laboratory skills and also
prepared them for competitive events.
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Figure 19. Wanna’s Goals for Primary Science Teaching
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In regard to Wanna’ reflections on the scenarios in the card sort and her
interviews, Wanna would begin her class by calling students’ attention using several
techniques, such as asking questions, telling a story, or playing games. Wanna either
informed students to read activity instructions before they came to class or within a class.
Before having students do an activity, Wanna would make sure that students understood
what they had to do by repeating the activity instructions to students or asking students to
explain to her about the instructions. At the end of the activity, Wanna allowed students
to discuss their findings from the activity. Wanna ended her class by providing an
accurate explanation of the activity to the students.
Table 15 shows Wanna’s arrangement and reflection on card sort scenarios that
she thought they closed to her teaching strategies.
Table 15
Wanna’s Arrangement and Interpretation of the Card-Sort Scenarios
Items
8

10

Scenarios
As a teacher, you want students to learn
about how sound is produced. You decide
the best way to do this is to demonstrate
students with various activities to verify a
science concept of vibration produces
sound. (academic rigor)

Wanna’s Interpretations
“I will start from something that is close to them,
such as having them to touch their neck and say
something. When they have ideas about
vibration, then I will move to other activities. I
agree to use many activities with students so they
will see many examples. To teach this concept, I
will use activities, such as a brandy glass or
musical instrument in order to help students
develop clear understanding about the concepts.”
(academic rigor)

You, as a teacher, want students to learn the
heat conduction. You decide to ask your
students to observe and record about the
material used for cooking utensil. Then you
and students design an activity around the
question, “What are the best materials in
making cooking utensils. (project-based
science)

“I did this activity before. I used a spoon activity
from IPST curriculum. Students can explain what
materials are conductors and insulators. Then, I
will link to their life. Students know why a pot
needs to have a handle. They know if they want
to carry a pot that doesn’t have a handle, how to
do it.” (academic rigor)
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Table 15 (continued)
Items
4

Scenarios
When doing laboratory activities, you
provide students with clear, easy following,
step-by-step directions for the activity
procedure. (activity-driven)

Wanna’s Interpretations
“I will explain activity directions to students.
Sometime I design a data table for them or give
an observation sheet to them. Students need to
know what they have to do about the activity.
Otherwise, they can’t do it correctly.” (didactic)

15

You, as a teacher, have students observe a
music instrument and generate questions
about how sound is produced. Each group
designs and carries out their own
experiment to test a hypothesis related to
the group’s questions. (inquiry)

“Students can create hypotheses. But, I don’t
have students design their own investigation. I
use activity kits that IPST designed. Instead, I
encourage students to design their own data table
sometime because students have seen many
examples from books. So, they should be able to
do it.” (activity-driven)

3

You, as a teacher, set up classroom lessons
for a unit on heat conduction. Using
resource elementary books, you select a
variety of fun, and easy-to-do activities.
(activity-driven)

“I will select activities from many resources. The
activities need to be exciting and amazing. I will
ask students to compare these activities to the
activities in IPST curriculum.” (activity-driven)

5

In an electricity unit, you, as a teacher, give
students batteries, bulbs and wires. You
encourage the students to find all the
possible ways to light the bulb. (discovery)

“To teach this topic, I will encourage students to
bring other objects that students think might
conduct electricity, such as buckle and necklace.
Students get surprised by doing this because they
don’t know before that these objects conduct
electricity. They know that buckle and necklace
are made of metal, so they can conclude that
metal conducts electricity.” (discovery)

According to scenario 8, Wanna did not see this scenario similar to her teaching
science during the first card sort activity because she did not like the activity in the
scenario. Wanna indicated that the best way to help students understand that sound is
produced by vibration was to have them touch at their neck while they were talking.
However, during the second card sorting, Wanna was asked to consider closely the
teaching strategies in this scenario. After reading this scenario again, Wanna rearranged
the group to “like me” group because in teaching a particular concept she also selected a
variety of activities for the students to do in order to understand the concept.
จริงๆ ทีใ่ กลตัวเด็กทีส
่ ุดคือคอเคานี่แหละ ใหเคาจับดูแลวตะเบ็งเสียง เคาจะรูเลยวามันสั่น
คือสวนมากจะใหเคาเริ่มทําตรงนี้กอนแลวคอยไปอยางอื่น แตเห็นดวยนะที่ใชหลายๆ
กิจกรรม อยางพอเคาจับคอแลว พอจะรูแ
 ลววามันสั่นนะ เราก็ไปใหเคาทํากิจกรรมอื่น อยาง
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กิจกรรมแกวน้าํ หรือเครื่องดนตรี คอยไปตรงนั้น มันจะทําใหเคาเห็นชัดขึ้นไง คิดวาเริ่มจาก
ที่ใกลตัวเคาทีส
่ ุดกอนดีกวา

I will start from something that is close to them, such as having them
touch their neck and say something. When they have ideas about
vibration, then I will move to other activities. I agree to use many
activities with students so they will see many examples. To teach this
concept, I will use activities, such as a brandy glass or musical instrument
in order to help students develop clear understanding about the concepts.
(Wanna, Card Sort Activity)
Wanna stated that teaching strategies in scenario 10 were similar to her teaching
techniques. However, her comments on this scenario revealed that she had a different
orientation than intended by this scenario. She explained that:
จากการทีใ่ หเคาทดลองตาม สสวท. เคายกมือตอบไดวาอะไรรอนเร็วกวากัน เสร็จแลวถาม
เคาวาถาเอาหมอตมน้ําทําจากสเตนเลส ดินเผา หรือหมอเคลือบ อันไหนน้ําจะเดือดกอน
เคาก็ตอบได อยางการทดลองเนี่นก็จะอธิบายวานักเรียนตองทํายังไงเปนขั้น แลวก็บอกเคา
วาในการทดลองบางทีมันมีอันตรายใหระวัง เสร็จแลวเราก็จะสอนเคาวาเคาควรเลือกใช
ภาชนะจากวัสดุประเภทไหนจึงจะปลอดภัยกับตัวเคา

I used a “spoon activity” in the IPST Curriculum. Students can explain
what materials are better conductors that the other. I asked students if they
boil water in pots made from different types of materials, such as stainless
steel and clay, water in which pot will boil first. Before students do the
activity, I will explain the direction and safety to them clearly and after
that I will ask them about application. (Wanna, Card Sort Activity)
After reading this scenario, Wanna quickly put this card in the “like me” group and stated
that she already did this activity with students. Wanna explained that she used a “spoon
activity” that was in the IPST Curriculum rather than encourage or work with students to
design their own experiment. Wanna also mentioned that she would ensure that students
clearly understood the activity directions before having them do the activities. In
addition, at the end of activity Wanna helped students to connect the activity results to
their everyday experience by explaining to them how they should select and use any
utensil safely.
อยางนักเรียนบางคนนี่เคาเอาแกวสเตนเลสมาดื่มนมไง โรงเรียนเราจะมีแจกนมใหนักเรียน
ดื่ม เราก็จะถามนักเรียนวาการที่เอาแกวสเตนเลสมาใชนี่ดม
ี ั้ย จากที่เราไดเรียนมาแลวนะ
แลวแกวแบบไหนนาจะปลอดภัย เราก็จะสอนเคาวาเคาควรจะเอาแกวแบบไหนมาดื่มนม
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Some students bring stainless steel to class to drink milk. Our school will
provide hot milk to students on every afternoon. I led the discussion about
this by asking them that from what activity they did, should they use a cup
that is made of stainless steel to drink hot milk. I also asked them what
types of cups should be appropriate. (Wanna, Card Sort Activity)
Wanna also stated that scenario 15 was close to her teaching. However, similar to
her reflection on scenario 10, the way she explained about her teaching was different
from the strategies in this scenario. Wanna indicated that she did not have students design
their own experiment. Instead, she encouraged students to design the observation table.
Wanna indicated that she was not sure whether or not students would be able to design
the experiment. But, she stated that they were able to design the table to represent their
data because they saw some examples in the books.
ออกแบบการทดลองนี่ไมไดใหทํา ไมรูเคาจะทํากันไดมย
ั้ แตอยางออกแบบใบบันทึกนี่ก็จะ
ใหเคาทํา บอกเคาวาใหลองออกแบบเอง บางทีก็ใหเคาแขงกันเปรียบเทียบวาอันไหนดูงาย
กวากัน เพราะเคาเห็นตัวอยางในหนังสือบาง พอใหออกแบบเองเคาก็จะพอคิดเปน

I don’t have them design experiments, but encourage them to design their
own data table sometimes because students have seen many examples
from books. So, they should be able to do it. (Wanna, Card Sort Activity)
Wanna also indicated that students were able to determine what table would best
represent the data and be the easiest to understand.
In regards to scenario 3, Wanna indicated that although she agreed that the teacher
should choose easy and fun activities for students, and she did not select the activities
from only one resource. Wanna mentioned that when she designed her plan of teaching,
she would look at other resources in order to find activities that were exciting for
students.
อันนี้จะเอามาจากหลายๆ เลม ไมใชเลมเดียว ดูของหลายๆ บริษัทแลวเลือกกิจกรรมที่
แปลกๆ นาสนใจมาลองใหเด็กทํา แลวใหเคาเปรียบเทียบกิจกรรมนี้กับกิจกรรมในหนังสือ
เรียน

I will select activities from many resources. The activities need to be
exciting and amazing. I will ask students to compare these activities to the
activities in IPST curriculum. (Wanna, Card Sort Activity)
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Wanna put scenario 5 last because she indicated that students could do this
activity in the classroom. However, when asked to focus closely on teaching strategies
used in the scenario, Wanna took more time than during the first card sorting task to think
about the scenario. Then, she mentioned that boys would like this activity more than
girls. This would be especially true of students who had experience playing with their
toys. Wanna indicated that instead of having students talk about their experiences, she
might ask students to think about equipment that need to use electricity in order to make
it work. Then, she would provide information about circuits and electricity before allow
students to do activity.
อันนี้ไดเพราะเด็กบางคนโดยเฉพาะผูชายเคาจะมีความรูเกี่ยวกับการตอไฟของเลนของเคา
เพราะฉะนั้นถาเลือกคนที่มีประสบการณในการตอของเลนตอไฟฟาอะไรอยางนี้ใหเคามาทํา
ก็ใหเคารูจ
 ักการตอวงจรปดหรือเวงจรเปด สําหรับการสอนเรือ
่ งนี้โดยทัว่ ไปการนําเขาสู
บทเรียนอาจจะเริ่มดวยเครื่องใชไฟฟา ของใชในบานอะไรที่ตอ
 งใชไฟฟาบาง จากนั้นครูก็
มาใหความรูตอไป แลวใหเคาทดลองตอดู

Students can do this activity, especially boys, because they have
experience playing with their toys. In general, to teach this topic, I will
discuss with students about the electric devices in their house. Then, I will
provide knowledge about electricity and circuits and then have students do
the activities. (Wanna, Card Sort Activity)
Wanna demonstrated that the teaching technique used in this scenario was more
appropriate for the students who already had experience in making electrical circuits.
However, some students who did not have this kind of experience might not be able to
make circuits on their own without the teachers’ explanation. Wanna indicated that if she
had to teach this topic, she would provide basic knowledge on electricity and simple
circuits to students prior to allowing them to do the activity stated in this scenario.
Wanna’s reflection on this scenario partly came from her experiences learning this
concept when she was a student, which influenced her belief about gender equity.
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During my analysis, I found that Wanna displayed dual beliefs about the teacher’s
roles in teaching science; these beliefs contradicted to each other. During the interviews,
Wanna indicated that it was not necessary for the teacher to know everything.
บางครั้งเราตองเรียนไปกับเด็ก เราไมรูทุกอยาง บางทีเราก็ไมหาคําตอบใหเคาหรอก ใหเคา
ไปหาเองแลวมาเลาใหเพื่อนเลาใหเราฟงดวย ซึ่งเราก็เรียนไปกับเคานั่นแหละ แตเราก็ไม
บอกเคาหรอกนะวาเราไมรูนะ

Sometimes we have to learn with students. We don’t know everything. I
don’t give the answers to students every time. Instead, I encourage them to
find the answer and come to share with me and their peers. But, I don’t tell
them that I don’t know the answer. (Wanna, Interview #1)
Wanna mentioned that whether or not teachers knew the right answer; they should allow
students to explore phenomena based on their interest. On the other hand, Wanna
displayed her anxiety about teaching the concepts, such as electricity, and other physics
concepts, that she did not have good experience with when she was a student. Wanna
indicated that she did not want to be unknowledgeable in front of students. Wanna
indicated that although she mainly used IPST Curriculum, she still needed to look for
activities or content knowledge from other resources because some students took extra
tutorial class after school or during weekends. So, these students often talked about what
they learned at the tutorial class with their peers or with Wanna herself. Thus, she needed
to prepare by looking for the information that students might ask.
บางทีเราไมรู เราก็ไมกลาใหเด็กทํากิจกรรม เพราะกลัวเด็กถามแลวตอบไมได หรือตอบผิด
ไปก็ไมดี หรือบางครั้งเราก็ตองเพิ่มเติมใหเขานอกเหนือจากหนังสือ นอกเหนือจากการ
ทดลอง บางอยางตองใหความรูเพิ่มเติมเคาไป เพราะบางคนเคาไปอานเจอในหนังสือ หรือ
เจอในทีวี เคาจะไดรู หรือเด็กบางคนเคาไปเรียนพิเศษมาเคาก็เอามาเลา เอามาถาม

Sometimes when I don’t know about the concepts, I don’t dare to have
students do the activities because I am afraid that I can’t give the answer
that would help them to understand when they ask questions. It isn’t good
if I give them wrong answers. Sometimes I have to add knowledge beyond
the curriculum because some students take extra tutorial classes and they
often ask questions that are not in the curriculum. (Wanna, Interview #2)
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In summary, Wanna displayed two elementary science teaching orientations,
which were academic rigor and discovery orientations. Wanna held the academic rigor
orientation when she encouraged students with questions or activities that help students to
understand the relationship between particular concepts and phenomena. During the
observation of her teaching, I found that Wanna challenged students with questions and
problems in order to help students understand the concepts of liquid and gas. She also
used activities--a joss stick activity--and also the analogy of having students to hold their
hands to represent the molecule configuration of each state, to help students to understand
the concept of properties of gaseous state. These teaching practices of Wanna also were
supported by her other orientation toward science teaching, the discovery orientation.
Other evidence to confirm that Wanna displayed a discovery orientation was showed
when she reflected on scenario 13 during the card sort activity. Although scenario 13
represented a guided inquiry orientation, Wanna’s reflection on this scenario was toward
a discovery orientation when she indicated that the purpose of this activity was for
students to discover how the Thai flute makes sound rather than develop the students’
process of thinking. However, Wanna did not put this scenario in the group that was close
to her teaching style.
ในขลุยจะมีเสียงสูงเสียงต่ําก็ควรใหเด็กไดรูวาทําไม เพราะอะไร ถาเคาอยากรูเราก็ใหเคา
หาคําตอบดูวาเปนเพราะอะไร ใหเคาไปทดลองหาคําตอบดูแลวมาเลาใหเราฟง เพราะบาง
ทีเราก็ไมรห
ู รอก แตเราไมบอกหรอกนะวาเราไมรูเราก็ใหเคาไปหาแลวเราก็เรียนไปกับเคา

Thai flute makes sound in different pitches. If students want to know
about how the flute works, I will encourage them to explore and find the
answers on their own. Then, I will ask them to share what they find with
the class. We [teachers] cannot know everything. Some questions that
students ask me, I don’t know, too. But, I won’t tell them I don’t know the
answer. I will let them find out and then I will learn from them. (Wanna,
Card Sort Activity)
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PCK for Primary Science Teaching
Knowledge of students’ understanding of science. Wanna indicated that in order
to help students understand science concepts, such as states of matter, she would allow
students to do an activity to have some ideas about the concepts. Then, she would
encourage students, as a whole class, to develop an explanation and conclusion about
each activity. Wanna indicated that she might provide some information for students
when she found that students got confused with their ideas.
สมัยนีค
้ รูควรจะเปนผูกํากับไมควรเปนผูแสดง ควรใหเขาลองทําลองผิดลองถูกเราคอยดู
คอยแนะนํา เวลาเขาถามก็ไมควรจะตอบ สวนมากเวลาเคาถามก็จะบอกอยากรูก็ลองทําดูซิ
ถาเราตอบเขาไมคอยสนใจผานไปเลย บางทีเราไมตอบเขาก็อยากรูเขาก็ลองทํา

The teacher should be a facilitator rather than the director. We should
provide opportunities for students to try out things on their own. They
might have many curiosities and brings several questions, but we should
not answer them. I will tell my students if they want to know, they have to
find it out. (Wanna, Interview #1)
In regards to students’ prerequisite knowledge, Wanna indicated that students did
not know anything when they came to classroom. Wanna stated that, in general, students
would understand science concepts only when they came to class. Wanna demonstrated
that students did not have any ideas about science concepts, such as state of matter,
before they came to the classroom, unless they took extra tutorial program outside school.
Wanna indicated that if students read a textbook before coming to class, which hardly
ever occurred, they might develop some understanding about the topic that they were
going to study.
บางทีจากทีส
่ อนบางคนก็ไมรู แตพอมาเรียนแลวถึงจะรูวา เออของแข็งทําไมรูปรางมันถึงได
คงที่ ของเหลวทําไมรูปรางมันถึงไมเปลี่ยนไป บางทีบางคนก็ไมรูคนที่เกง ๆ บางทีเขาก็มี
ประสบการณไปเรียนพิเศษมากอน อานลวงหนามากอนบางคนขยันก็พอจะรู แตวา ธรรมดาๆ
ไมเรียนก็ไมอานก็ไมรู รูจากทีใ่ นหองนั่นแหละ มีหลายรูปแบบ บางคนเด็กทีไ
่ ปเรียนมีความรู
มากสามารถจะมาบอกเพื่อนถายทอดเพื่อนไดเขาไปเรียนพิเศษขางนอกกัน อยางอยาง
คราวหนาจะขึ้นเรื่องของแข็งก็ลองถามดูเกี่ยวกับใหเขาอานมงกุฎทองคํา เขาไปอานมา
ลวงหนาเขาบอกไดหมดเลยวาจะหาปริมาตรอะไรยังไง เขาไปอานมากอน

Students don’t know it except they learn from somewhere. Some students
learn from the tutorial class so they might know about properties of
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matter. So, these students may share with their peers before class. Or if I
assign students to read before coming to class, they will have ideas about
this concept. But, in general, students don’t know it until they study in
classroom. (Wanna, Interview #1)
The excerpt above reveals that Wanna did not demonstrate an understanding that students
commonly had knowledge that helped them to make sense of the world around them and
they usually brought that knowledge to class whether or not they had studied about that
topic before. Wanna’s unawareness concerning students’ prior knowledge also became
apparent during the card sort activity. Wanna did not agree with the teaching strategy in
scenario 1 of having students draw a picture of sugar in water. Similar to most teachers,
Wanna indicated that she would prefer students to have real experience of this
phenomenon instead of having them to draw a picture.
เมื่อน้ําตาลสามารถที่จะหามาใหเด็กไดลองละลายกับน้ําได ก็ใหเคาละลายน้าํ เลยดีกวาจะ
มาใหวาดรูป

We can find sugar and water for students to perform this activity. So, it is
not necessary to have them draw a picture. (Wanna, Card Sort Activity)
In addition, it is evident that Wanna did not realize about the students’ difficulties
in learning the concept of states of matter. As she indicated in the excerpt below:
คิดวาไมยากเขาจะสนุกดวยเพราะวามันเกี่ยวของกับเขา การทดลองก็งาย ๆ พื้นฐาน
ของแข็งก็มีการหาความหนาแนน ก็คิดวาไมยากเทาไหรคือเอามวลใหชั่งมวลแลวก็หา
ปริมาตร เด็กเขาก็พอจะเปนก็เอามาหารกันก็คือความหนาแนน คิดวาไมยากเทาไหรที่ถามๆ
ดูนักเรียนหนึ่งชั่วโมงที่ผานมาใหนักเรียนอานมากอนกอนจะขึ้นเรื่องใหมลองถาม ๆ ดูเขาก็
เขาใจกันจะสอนเราก็เอาเครื่องมือมาแนะนําใหเขา เรื่องนี้เราจะเริ่มทดลองแลวก็ใหเขาจัด
อุปกรณ Beaker หลอดทดลอง ถวยยูเรกาอะไรอยางนี้ก็ใหเขารูใชยังไง การใชตะเกียง การ
จุดตะเกียงพื้นฐานก็สอนเขากอนที่มีการทดลองตอนแรกยังไมรูจักเพราะเรายังไมไดใช พอ
หนวยนี้เริ่มใชกต
็ องใหเขารูจักเครื่องมือกอนเขาก็จะมีพื้นฐานในการใชถวยยูเรการูวาใชหา
ปริมาตร เคาไมเคยใช คือเขาเห็นในหองวิทยเอามาใหเขาดู เขาบอกคุณครูใชทําอะไรก็
บอกเอาเธอลองไปดูในหนังสือซิ ในหนังสือมี เขาก็ไปอาน

I think this topic [properties of matter] is not difficult for students. I think
students will have fun with the activities. For example, when learning
about the concept of density students can find the mass of an object and its
volume. Then they can calculate the density of that object. They are also
excited with the materials, such as eureka cup or alcohol lamp. Students
already know how to use eureka cup so I don’t think they will have
problems with this activity. They may have questions about some
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materials that they have never used. But, I will help them to find that in an
activity book. (Wanna, Interview #1)
Wanna demonstrated that she did not know the common misconceptions of properties of
matter that had been identified by the educators or researchers. This could lead to
confusion about using instructional strategies and/or activities that helped to interpret
students’ actions and thought.
Knowledge of science teaching strategies. Based on Wanna’s reflection of the
card sort scenarios, she believed that in teaching science teachers should provide
opportunities for students to do activities, analyze results to reach answers for questions,
and make decisions and conclusions of the activity based on reasonable use of data.
ใหเขาไดทดลองเองไดมาอธิปรายจากการทีเ่ ขาเห็นขอมูลหรือจากตารางบันทึกใหเขาไดมี
สวนรวมไดเปนผูสรุปเองจากผลการทดลองใหเขาไดคิดวาทําถึงไดเปนอยางนี้ใหเขาให
เหตุผลมา

I will let them do the activity and discuss after that by using data that they
have. I will get them involved by allowing them to express their thinking
about each activity or phenomenon. (Wanna, Interview #1)
However, during the card sort activity, Wanna indicated that she would make sure that
students really understand how to do the activity. Thus, she would provide activity
directions for students before allowing them to do the exploration.
เวลาทําการทดลองเราจะมีอธิบายวาตองทํายังไง เราก็จะมีตารางบันทึกใหบาง บางครั้ง
เราก็จะมีใบงาน เราตองบอกเด็กกอนวาจะตองทําอะไรยังไงเปนลําดับขั้นตอน ไมอยางนั้น
เคาก็ทําไมถูก

Before students do the activity, I will explain to them what and how to do
the activity. Sometime I give them the observation sheet to record their
data. I need to clearly explain the direction in steps, otherwise they cannot
perform it correctly. (Wanna, Card Sort Activity)
Wanna’s teaching strategy stated during the card sort activity was apparent when she
taught the concept of properties of gas to students. The teaching strategies that Wanna
used were different from those used on the days that she taught concept of properties of
liquid. Wanna provided activity directions to students and dictated to students the
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expected activity results. Hence, it could be said that although Wanna displayed
knowledge about how science should be taught, her teaching strategies were inconsistent
depending on what topic that was being taught and the timeframe.
In addition, although Wanna used many ways of representing in order to facilitate
students’ learning, there was not enough information to develop claims that what she
knows about the specific strategies, activities, and analogies helped students to
comprehend the concept of states of matter. For example, when asking Wanna about the
joss stick activity, Wanna only indicated that this activity helped students to see that gas
could spread into the container.
ยกตัวอยางของแข็งของเหลวหรือแกสนี่ ทําไมมันถึงรูปรางไมเหมือนกัน เด็กก็จะรูเพราะ
อะไร จากที่วา ยกตัวอยางใหดู หรืออยางอากาศหรือแกสนี่ รูปรางเปนยังไงเด็กไมเคยเห็น
แตพอเคาไดทดลองเคาก็จะรูอ
 อ ที่เราจุดธูปใหดู เคาก็จะรูออ
 อากาศรูปรางมันเปนไง เพราะ
ยิ่งเคาไมรรู ูปรางเปนไง ก็ยกตัวอยางใหดูเคาก็เขาใจ

Gas is difficult to see. For example, we cannot see air. I put smoke into a
bottle because I want my students to see that gas can spread all over the
container. After I did this activity, students understood about the property
of gas in terms of changing shapes. (Wanna, Interview #2)
However, she did not understand the strengths and weaknesses of this activity in terms of
developing students’ understanding of this concept. Wanna also did not demonstrate the
awareness that the activities and analogies she used might develop misconceptions
among students. For example, Wanna did not display her understanding that using the
holding hand model to represent the molecules of matter in each state might lead students
to misunderstand about characteristics of atoms and molecules.
อยางของแข็งใหเขาจับมือกันแบบวาเกาะติดกัน สถานะของแข็ง ของเหลว แกส ใหเขาเห็น
วารูปรางถาของแข็งนี้โมเลกุลมันจะยึดเกาะกันแนนจะใหเขากอดกันคลายกับวาของแข็ง
รูปรางมันจะคงที่ไมวาจะใหเขาเดินตรงไหนมันก็ยังเหมือนเดิม แตวาของเหลวใหเขาจับมือ
หางๆ กัน ใหเคาเดินไปมันก็จะเปไปเปมาสวนแกสก็ใหเคาอยูค
 นละทิศคนละทาง แลวก็ให
เคาเปรียบเทียบวาสถานะของของแข็ง ของเหลว แกสนี่มันจะเปนแบบวาของแข็งรูปรางมัน
จะคงที่เพราะวาโมเลกุลของมันเหมือนกับที่ตวั เราเกาะกันแนนเลย สวนของเหลวรูปรางมัน
ไมแนนอนเพราะวาโมเลกุลของมันเหมือนกับเราจับมือกันหางๆ กันแรงยึดเหนี่ยวระหวาง
โมเลกุลมีนอยมันก็เปลี่ยนแปลงรูปรางได สวนแกสนี่มันอยูค
 นละที่มน
ั ก็จะฟุง กระจาย รูปราง
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ไมแนนอน ก็เหมือนกับนักเรียนอยูหางๆ กัน ก็คือใหเขาเปรียบเทียบ ถาพูดถึงโมเลกุลอยาง
เดียวนี่เขานึกไมออก เปรียบเทียบสถานะของแข็ง ของเหลว แกส

I will have students hold hands very tight to represent molecules of matter
in solid state. I will ask them to move around to see that how difficult the
movement occurs. This represents that why a solid has a constant shape.
Then, I will ask students loosen their hands and move in order to refer to
the matter in the liquid state. Finally, I will have students release their
hands and see how easy they can move. This analogy represents the matter
in gas state. Then, I will discuss with students about the properties of
matter in each state. If we only instruct them to know the molecule, they
could not understand it. But, this analogy helps them to picture how the
molecules of solid, liquid and gas look. (Wanna, Interview #2)
Knowledge of science curriculum. Wanna indicated that, in regards to the
reformed science standards, students should have opportunity to get involved in learning
as much as possible. For example, rather than telling everything to students, teachers
should encourage students to respond to their own learning, such as developing their own
explanations in order to sharpen their thinking skills.
เด็กไดเรียนจากประสบการณจริง มันก็ถูก มันก็ดี ครูตองเปลี่ยนตัวเองดวยไมใชวาจะตอง
คอยบอกตลอด คือเขาเคยชินกับการวาครูตองบอก ครูเองก็ชิน เด็กบางทีถามอะไรคิดไม
เปนจะรอแตครูบอกอยางเดียวคิดไมเปนก็พยายามฝกใหเขาคิดอยางเวลาสรุปผลการ
ทดลองเราก็พยายามใหเขาไดมีสวนรวม สมัยนี้ครูควรจะเปนผูกํากับไมควรเปนผูแสดง ควร
ใหเขาลองทําลองผิดลองถูกเราคอยดูคอยแนะนํา เวลาเขาถามก็ไมควรจะตอบ สวนมาก
เวลาเคาถามก็จะบอกอยากรูกล
็ องทําดูซิ ถาเราตอบเขาไมคอ
 ยสนใจผานไปเลย บางทีเรา
ไมตอบเขาก็อยากรูเขาก็ลองทําใหเขาไดทดลองเองไดมาอธิปรายจากการที่เขาเห็นขอมูล
หรือจากตารางบันทึกใหเขาไดมีสวนรวมไดเปนผูสรุปเองจากผลการทดลองใหเขาไดคด
ิ วา
ทําถึงไดเปนอยางนี้ใหเขาใหเหตุผลมา เขาก็มีความภูมิใจ พอครั้งตอไปเขาก็จะพยายามจะ
ตอบพยายามสรุปเองในการทดลงอันนั้น อะไรอยางนี้ ก็รส
ู ึกวาเขาชอบ

It is good that students have opportunities to learn from their experiences.
Teachers have to change the roles from telling everything to letting
students try things out on their own first. When students do the activities,
they will see what happens and can explain and make conclusions based
on their observation. They will be proud of themselves when they are able
to do it. I think they like this way. (Wanna, Interview #1)
Also, Wanna indicated that the new science curriculum contained more content
knowledge that students needed to learn than the previous curriculum.
มันไดเรียนเยอะขึ้น เนื้อหามันเยอะขึ้นตอนนั้นมันเกี่ยวกับสังคม สุขศึกษา วิทย รูสึกจะ 3
วิชา เนื้อหามันก็นอยลงแตพอมาแยกเปนเอกเทศแลวเนื้อหาแตละอยางมันก็ลงลึกขึ้น
ละเอียดขึ้นก็ดี
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Students learn more content when we used this curriculum. Science
content in the previous curriculum was superficial because it had to share
with other two disciplines, including social studies and health education.
(Wanna, Interview #1)
Wanna believed that the new curriculum provided information and knowledge about each
concept in more detail, which she really liked.
Knowledge of assessment of scientific literacy. Similar to other teachers, Wanna
indicated that she adopted many assessment instruments in order to assess students’
understanding of science and performance of doing science laboratories. In addition to
the common formative and summative assessments, such as asking questions, assigning
worksheets, and testing, Wanna also used performance assessment in order to assess
students’ ability in doing laboratories.
ดูจากเวลาเราถามเขาจะแยงกันตอบ เราก็มีคะแนน กลุมนี้ตอบไดจะใหคะแนน เขาจะแยง
กันตอบ ตอบไมถูก ก็มีการสอบ อยางนี้ก็ตั้งใจจะสอบเก็บคะแนนไปเลยที่เรียนจะสอบเปน
คะแนนเก็บไปเลยเวลาทดลอง กะวาจะเอาเรือ
่ งนี้เก็บคะแนนไป เวลาอยางเรียนเวลา
ทดลอง ถาเวลามันพอก็จะใหเขาออกมาทดลอง สวนมากจะเปนเทอม 2 เพราะไดทดลอง
มาเยอะแลว เคาจะจับสลากใหเขาทดลงเรื่องนี้เขาจะตองเตรียมอุปกรณอะไรมาบาง
สวนมากจะเปนเทอม 2 เพราะทดลองมามากแลว แลวหาวาทําการทดลองยังไง ดําเนินการ
ยังไงและจะสรุปอยางไรใหเตรียมตัวมาอาทิตยนึง เราเอาชือ
่ เรื่องใหเขา เชน เรื่องแรงดัน
อากาศเขาจะใชอะไร เพราะมันมีไดหลายอยาง เขาจะเลือกเอาแบบไหนละเราก็ทําใหเขาดู
หลาย ๆ อยางแลวเวลาสอบเขาจะเลือกเอาวาชอบวิธีไหน เขาก็จะทํากันไดดี เปนที่
สนุกสนานกัน เกร็งเครียด

I will assess them from their participation in the classroom. I also assess
their laboratory ability by giving them choices of activities. Then, they
have to draw what activity they need to study and prepare. I will give them
one week to prepare about the activity. It might be pressure to them, but
they seemed to like it, too. (Wanna, Interview #2)
Students had to participate in this assessment in the second school term. Wanna would
give choices of experiments for students to select and prepare to complete in class.
According to the performance assessment on laboratory skills, Wanna would score
students on their ability in using the scientific materials.
Although Wanna used many types of assessment instruments, she did not
demonstrate knowledge about what important aspects of the concept of states of matter
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that students should understand and how those important aspects could be assessed with
the assessment instruments she used. In addition, Wanna did not exhibit her knowledge
about the advantages and disadvantages of using these instruments associated with
students’ learning.
In summary, Wanna displayed that she had limited knowledge of students’
understanding of science and science teaching strategies. Wanna did not show her
understanding concerning students’ difficulties with learning the concepts she taught. In
addition, she did not know the common misconceptions about the properties of matter
and atoms and molecules among elementary students. Hence, the limitation of knowing
students’ knowledge of science led to her ignorance in eliciting students’ ideas before
teaching. In addition, Wanna also demonstrated that she did not know the weakness of
her analogy used to students in order to explain about molecules of matter in each state.
Finally, there were not enough evidence to develop claims about to what degree she
understood curriculum and assessment. However, the interviews with Wanna showed that
she did not explicitly demonstrate her knowledge about the strength and weakness of
each assessment instrument that she used with students.
The Cross-Case Analysis of Primary Teachers’ Implementation, Orientations, and PCK
for Primary Science Teaching
Observing the classroom teaching of four professional development participants
through the entire PD topic series that they taught revealed that the teachers filled the role
of information provider and there was very little input by their students. Encouraging
students to talk during science lessons generally occurred at the beginning and at the end
of the lesson when the teachers asked some questions. This teaching practice revealed
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that the teachers believed science to be factual knowledge that could be discovered and
that science instruction helped the learners understand this body of knowledge through
activities and teachers’ explanations. None of the teachers appeared to take students’
ideas and experiences seriously. The teachers did not seem to have knowledge about
students’ learning difficulties or prior knowledge before the students came to the science
classroom. The teachers explained that students did not have any difficulties
understanding the concepts when they left the science classroom because the students
could develop an understanding of the concepts by doing activities, listening to teachers’
explanation of the scientific knowledge, and providing verbal and written answers to
questions.
Many teachers provided hands-on activities to students without knowing why or
how those activities were relevant to the particular concept they were teaching.
Observing classroom teaching also revealed that there was little opportunity for students
to conduct their own learning and discussion. Most of the time, communication during
science lessons was unidirectional, with students being passive recipients of information.
In addition, the teachers’ questions, discussions, and teaching strategies did not seem to
develop conceptual understanding of the concepts under study. The questions asked in
the classrooms were close-ended and subject-centered and did not prompt students’
critical thinking, but instead led toward factual knowledge.
Observations also revealed that the limitation of content knowledge in the topics
that teachers taught was an important factor that influenced their decisions during
instruction. For example, Manee and Chujai decided to direct their students to the right
answers by asking leading questions or directly giving the answers. Jinda struggled with
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unexpected activity results, which came from her modification of a sound activity. Rather
than challenging students to discuss the unexpected outcomes, Jinda decided to skip this
part and encouraged her students to try this activity again at home. In regards to Wanna’s
case, although she seemed to provide more opportunities for students to discuss and share
their ideas than the other teachers, she decided to stop students’ questions when she
realized that she would not be able to answer those questions. Instead, Wanna provided
unclear answers that could develop student misconceptions. The teachers’ orientations to
science teaching and other knowledge bases for teaching science are discussed in the
following assertions.
Assertion 1: The Professional Development Participants Displayed Didactic and
Activity-Driven Orientations in Teaching Particular Science Concepts. These
Orientations Deviated from the Science Education Standards, but were Similar to the
Professional Developers’ Orientations.
During science teaching, the teachers attempted to teach particular topics through
inquiry using the 5E model of instruction approach. However, the orientations teachers
displayed were more toward the didactic orientation rather than the inquiry or guidedinquiry orientations. Table 16 shows the orientations for science teaching that each
teacher displayed.
Table 16
Orientations of the Individual Professional Development Participants
Participants
Manee

Orientations
Didactic, and Activity-driven

Chujai

Didactic

Jinda

Activity-driven, and Academic Rigor

Wanna

Academic Rigor and Discovery
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During the interviews and card sort activities, the teachers referred to science as a
collection of factual knowledge. It appeared that they directed students through activities,
discussions, lectures, and questioning so that the students would respond with answers
that the teachers expected to hear. The teachers also mentioned that the activities that
they provided to students only had one right answer. During the activities, the teachers
instructed students to repeat the activity when the students found outcomes that were
unlike the answers in their textbook. Although many teacher participants displayed a
didactic orientation in terms of directing students toward understand the scientific content
knowledge, their teaching approaches were different from each other. For example, in
Manee’s classroom, students had the opportunity to participate in a hands-on activity
following Manee’s directions. She provided step-by-step instructions for students and
wrote the activity results and conclusion on the board at the end of each activity.
อยากใหเขาฟงเราเวลาจะทําการทดลองอยากใหเขาฟงขั้นตอนของเราใหถูกตองกอนบาง
คนไมสนใจ บางคนก็เลน เลนผิดจุดประสงคทําการทดลองผิดเราอยากใหเขาทําการ
ทดลองแลวไดความรูใ หมากทีส
่ ุด อยากใหเปนอยางนั้น

I want them to listen to me carefully so they can do the activity correctly.
Some students don’t pay attention on my explanation which leads them do
the activity wrong. Some students do not follow the directions so their
results do not meet with the activity’s goals. When I have them do
activity, I want them to learn as much as they can. (Manee, Interview #2)
During the activity, Manee informed students who had unexpected results to repeat the
activity. In the discussion step, Manee asked close-ended questions to lead students to the
right answer according to the textbook. When she found that some students did not have
the correct answer, she directly told them that their answer was incorrect and told the
students to write the correct statement on the observation sheet. It also appeared that
Manee relied heavily on the teacher guide-book. She read the conclusion and results
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statement in the guide-book directly to the students in order to have students write that
statement down in the activity sheet.
In Wanna’s classroom, students had more opportunities than Manee’s students to
discuss and share their ideas. However, Wanna still directed students toward the factual
knowledge at the end of the activity looking at the properties of gas. According to Chujai,
she believed that science concepts and theories are unchangeable. So, students should
have accurate knowledge on those concepts.
บางกิจกรรมเราตองมาถามวาคนนี้ตอบวาไงๆ แลวมาสรุป เพราะบางเรื่องถาเขาไมมีความ
เขาใจตรงกัน คุณไปคิดเอาเองฉันสอนไปแลวเด็กก็จะเขาใจผิดไปเรื่อยๆ ถาหากวาหัวขอ
นั้นไมสมควรใหเด็กคิดเองเพราะวาเขามีกฎตายตัวอยูแลวคุณจะไปแหกกฎเขาเราก็ควรจะ
สอนในสิ่งทีถ
่ ูกตองและสรุปใหตรงกันทั้งหอง แตบางเรื่องก็ใหเขา คิดเองวาจะเปนยังไง
บาง

Some activities, I have to make conclusions for them to ensure that every
student understands the same things. If we let the students think on
themselves without our help, they may hold a misunderstanding.
Especially, if it is law or theory, they need to understand it correctly and
cannot think differently to that. Thus, as teachers, we need to give correct
knowledge to students. But, if it is a simple concept, I will let them think
on their own. (Chujai, Interview #2)
In addition to the didactic orientation, some teachers also displayed other
orientations to science teaching such as: activity-driven and academic rigor. In regards to
the activity-driven orientation, none of the teachers used hands-on activities as a tool to
promote conceptual thinking among students. Rather, it appeared that their utilization of
hands-on activities in science classroom was solely for verifying and discovering science
concepts. The orientation of teachers also led them to develop a teacher-centered and
knowledge-centered learning environment rather than a student-centered learning
community. The teachers did not provide an opportunity for students to design their own
activities to investigate phenomena based on their interests. Instead, the teachers typically
gave the students manipulative kits that were designed by the curriculum developers and
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instructed students to follow the activity directions in the curriculum and then instructed
students about that concept. Many times the teachers demonstrated that they did not
conceptually understand the purpose of activity that was provided for students. Hence, it
appeared that the teachers inappropriately implemented the activity with their students
and failed to help students develop understanding of the teaching topics. For example,
กิจกรรมนี้มีขอบกพรองหลายๆ อยาง ความรูส
 ึกเด็กไมเทากัน การจับเวลา คือเรา control
ไมได บางทีเราบอกเริ่มจับเวลานะ บางคนยังเลนอยูเลยเด็กเขาใจไมตรงกัน และเรา
control เรื่องเวลาไมได เรื่องความรูส
 ึกเด็กวาอันไหนมันรอนกี่วิ ๆ แตละกลุม
 จับก็จะไม
เหมือนกัน ทั้งที่เราบอกเริ่มตนแลวนะ ถาถามวาจะไมเอากิจกรรมนี้เลยไหมมันก็มีประโยชน
อยูบางความรูกย
็ ังมีอยูบาง แตวามันไมเดนชัด ยอมรับเลยวากิจกรรมนี้เด็กงงๆ เห็นชัดเลย
สุดทายเราก็พยายามอธิบายเคาวาการนําความรอนมันคืออะไร นําไปใชประโยชนอะไรบาง
เขาจะมีคําถามเยอะแยะมากมาย เพราะฉะนั้นเราตองศึกษาคนควาบางทีคําถามบางคําถาม
เราคิดไมถึงดวยซ้ําไปมันทํามาจากอะไร ถาทําแบบนีแ
้ ลวไดแบบนี้ ถาหากเราไมรูแนชด
ั
คําตอบนี้ครูขอติดไวกอนเดี๋ยวครูไปหาคําตอบใหเพราะวาบางทีถา คําตอบตรง ถาเราพูดไป
แลวความรูเราไมแนนเด็กอาจจะเขาใจผิดก็เลยตองคําตอบนี้ติดไวกอนแลวไปบอกเขาที่
หลัง เขาก็เขาใจ

This activity is not perfect because students’ feeling are varied. Another
problem is timing. I cannot control anything when students are doing this
activity. During the activity, students don’t understand the same things in
terms of what they have to do. While their peers are doing the activity,
some students play and don’t have attention to the activity even though I
called them several times. In my opinion, this activity is not clear. At the
end of the activity, I noticed that students were still confused with it.
Finally I have to provide knowledge to them about the concept of
conduction of heat and how this knowledge is useful for their life.
Students always have a lot of questions that many times I don’t expect
those types of questions. So, I have to tell them that I will find the answer
and tell them later. Sometimes if we don’t have solid knowledge, we may
give them wrong answers and lead them to have misunderstandings about
that concept. (Chujai, Interview #2)
This except from Chujai provides an example of how the didactic and activity-driven
orientations fit together. Chujai chose an activity because she wanted her students to
understand that different types of spoons conduct heat differently. She attempted to use
the results of this activity to demonstrate to students why people have hot soup using a
spoon made of stainless steel. However, this activity was not as conceptually coherent to
students as she anticipated. In addition to her limited knowledge about the concept of

314

heat conduction, this particular activity, and pedagogy, Chujai ignored the confusion of
her students and provided a direct explanation about heat conduction and its application.
In Wanna’s case, it is evident that she also displayed an academic rigor
orientation when she taught about the properties of matter. She challenged students with a
problem to verify the students’ understanding of the properties of a liquid and the
relationship of this concept to phenomena around them. Wanna provided an opportunity
for the class to discuss the topic. However, her limited content knowledge on the topic
constrained her teaching.
In summary, it appeared that during science instruction, teachers displayed
multiple orientations when they taught a particular topic. The multiple orientations that
teachers held, such as didactic and activity-driven orientations, seemed to fit well in the
science classroom. For example, teachers directed students through hands-on activities in
order to guide students to observe the expected results stated in the curriculum. The
teachers did not seem to recognize whether or not the activities would facilitate students
understanding because they would instruct students again after they finished the
activities. Furthermore, it is evident that the teachers’ orientations to teaching science
were not consistent dependent upon the topics that they were going to teach.
Considering the Orientations of Professional Development Participants in Light of the
Professional Developers’ Orientations and the Reformed Science Education Standards
The activity-driven orientation of the PD participants influenced their science
instruction as evident by when they provided hands-on activities to students and
explained the science content after the activities. This teaching approach was similar to
the professional developers’ teaching in the PD when the professional developers
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emphasized providing hands-on experiences that were similar to the classroom activities
before providing the teachers the correct explanations of each activity. Both professional
developers and teachers, as instructors, seemed to use hands-on activity as a tool to
engage learners in learning science facts rather than for understanding science concepts.
Similar to the professional developers, the activity-driven orientation that the
teachers displayed fit with the reformed Science Education Standards with respect to the
standards requesting teachers to provide opportunities for students to participate in
science activities. Thus, the teachers tried to use questions in order to initiate students’
curiosity and attention to learn science. Teachers also encouraged students to perform
hands-on activities that were in the curriculum.
Although the PD participants provided opportunities for students to perform
science activities, the purpose for this learning event was different than the purpose stated
in the standards. The standards indicate that teachers should allow students to investigate
phenomena and activities in order to facilitate students developing meaningful
understanding of the phenomena. However, the teachers used hands-on activities with
students in order to attract students’ interest and verify the knowledge that was shown in
the textbook.
กระบวนการเรียนที่ผูเรียนจะตองสืบคน เสาะหา สํารวจตรวจสอบ และคนควาดวยวิธีการ
ตางๆ จะทําใหผูเรียนเกิดความเขาใจและเกิดการรับรูความรูนั้นอยางมีความหมาย

The learning process is a process that learners have to investigate and
research for information through various methods in order to develop
meaningful knowledge (Standards, p. 219).
ชอบสอนเรื่องแรง เพราะวาเรื่องแรงมันมีกิจกรรมใหเด็กทํา คอนขางเยอะแลวเด็กเคาชอบ
เขาจะสนุกเรื่องอะไรก็ตามที่เคามีการทดลองคะ เขาจะชอบเหมือนกับเขาไดทํากิจกรรมกับ
เพื่อน ๆ แตถาเปนเรื่องที่เปนเนื้อหาโดยตรงทางชีวะอะไรอยางนี้ เด็กเขาก็จะเบื่อแตถา ได
ลงไป อยางสอนเรื่องสวนประกอบของดอกไมพาลงไปดูของจริง เขาก็จะชอบ ใหเคาเอามา
เองนี่ เขาก็จะสนใจ แตถากลับกันใหสอนตามเนื้อหา ตามหนังสือเด็กเขาก็เบื่อยิ่งสอนตอน
บายๆ ยิ่งงวงหลับไปเลย คือกิจกรรมไหนถาเด็กสนุกเราก็ชอบ
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I like to teach concepts of force because there are many fun activities in
this unit. Students will enjoy doing activities because it is like playing
with their friends. If we teach them through rote learning, they will get
bored. Especially they look sleepy when science class is in the afternoon.
But, if we have some activities for them to play, they will get excited. I
like to teach science when there are activities that students will enjoy.
(Manee, Interview #1)
ทดลองของแข็งไปแลว เราถามวาของแข็งมีมวลไหม เด็กบอกวาของแข็งไมมีมวล ที่ถวยยู
รีกาทีค
่ ุณทําไปเมื่อกี้นี้จะบอกของแข็งไมมีมวลไดยังไง เอาเราก็เริ่มใหมเอาใสบีกเกอรใส
เลย น้ําลนออกมา ตกลงของแข็งมีมวลมั้ยคะ มีคะ นั่นแหละเคาจะเริม
่ ไดละ

I ask them after they did activity on properties of solid whether solid
matter has mass. They said no. They cannot relate the activity of putting
play-do in eureka cup. So, I started doing this activity again and when
some water came out from the eureka cup after putting in the play-do, I
asked them again about solid matter containing mass or not. Then,
students started to know it. (Manee, Interview #2)
ทําการทดลองครั้งแรกเด็กยังงงก็มาทําการทดลองอีกที แลวก็มาสอนเนื้อหาเพิ่มมากขึ้น
ครั้งแรกทําการทดลองเขายังไมรูแตครั้งที่ 2 เริ่ม get ขึ้นหนอย พอพูดครั้งที3
่ ก็รูเรื่องกับ
เขาบาง ตองพูดเยอะๆ

Students get confused when doing an activity for the first time. Then, I
repeat the activity again and explain the content about it. Students
demonstrate their knowing after doing the activity the second time. Then, I
explain the content to them 2-3 times. The majority of students seem to
increase understanding. (Chujai, Interview #2)
In comparing the perspective of the teachers about teaching science within the Science
Education Standards, there were instances when the teachers deviated. The Standards
indicate that sustainable learning occurs through a variation of learning processes, which
include the inquiry process rather than telling by teachers. The standards require learners
to be encouraged to develop their thinking process, ability to learn, investigative process,
problem solving skills, and the ability to search for and create new knowledge.
The teaching/learning of science emphasizes the learner as the person
doing the learning and discovering by him/herself so that process and
knowledge are acquired from the pre-school years through education at
tertiary level and post graduate level and even at the work place.
(Standards, p. 4)
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The didactic orientation that teachers exhibited could not fulfill science teaching
and learning as requested in the Standards. It was evident that the teachers believed that
knowledge is facts, which students could learn directly from teachers. Thus, many
teachers acted as knowledge experts by transferring knowledge to students at the end of
activities. The teachers directed students to do the hands-on activities in order to discover
or verify existing knowledge. In addition, the teachers did not demonstrate their
appreciation of students’ prior knowledge and how this affects their learning of new
knowledge. Hence, teachers failed to elicit students’ knowledge before learning a
particular topic. The standards suggest that teachers facilitate student learning by
employing various teaching methods, such as inquiry. It is evident that the didactic
orientation that teachers displayed did not fit with this perspective of the standards.
ดังนั้นการที่ผูเรียนจะสรางองคความรูใ ดจึงตองผานกระบวนการเรียนรูทห
ี่ ลากหลาย
โดยเฉพาะอยางยิ่งกระบวนการสืบเสาะหาความรู (inquiry process)

Learners can construct knowledge through the investigation process called
inquiry (Standards, p. 219).
During the interview, observations of classroom teaching, and the card sort
activity, none of the teachers mentioned the inquiry teaching approach. In addition,
teachers did not indicate an appreciation of teaching science through an inquiry process.
The teachers explained that the learning cycle consisted of 3 steps including: engaging
students in the topics that were taught, providing hands-on activities, and explaining
correct science knowledge to students.
สมมุตใิ นระดับประถมอยางการทดลองหรือวาการสอนของเราเราจะเนนการทดลอง เนนเรือ
่ ง
เนื้อหาใหเด็กเขาใจ สวนเรื่องการปฏิบัติ เด็กก็จะปฏิบัติเพียงแตวาเราอธิบายขั้นตอนการ
ปฏิบัติใหเด็กปฏิบัติเอง เราก็ตรวจสอบดูความถูกตองความเรียบรอยของเด็กอยางนั้น แตวา
กับเด็กเล็กเราจะปลอยใหเด็กเขาทําเองไมได จริงๆ การสาธิตกับเด็กมันจะดีมากกวาถา
เกี่ยวกับการทดลองที่อาจจะเปนอันตรายได สาธิตเด็กอาจจะไมคอยรูเรื่องมากแตเขาก็จะ
สนใจกิจกรรมควรจะใหทําการทดลองเองไหม เพิ่มเนื้อหานี่เด็กก็จะปวดหัวแลวคะ ไมรับ
แลว เคารับไดในเนื้อหาสําคัญที่เราปอนใหถาเราจะเอาเรื่องอื่นๆ ใหเด็กเล็กๆ ถาไมเกี่ยวกับ
ชีวิตเขา ไมเกี่ยวกับความสนุกของเขา คุณจะพูดไปก็ไมมีทาง กับเด็กเนี่ยบางทีเราตองเปน
ตัวตลกเปนตัว joke แตเทาทีก
่ ็รูสึกวาเด็กเคา happy
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To teach science at the primary level, we will emphasize doing the activity
and the teacher will explain knowledge to students to help them
understand it correctly. Although students have opportunities to perform
activities, the teacher needs to provide clear steps to them before having
them start doing the activity. Some activities that might have danger for
students, we should demonstrate the activity to them rather than having
them perform it. Although students might not understand the
demonstration, they will have attention to what the teacher is doing. I
think at the primary level, if we give much content knowledge to students,
they are not able to deal with it. If the content knowledge does not relate to
their lives or is not fun, they won’t learn it although we try to explain to
them so many times. (Chujai, Interview #2)
มันเริ่มจากการที่เด็กเขาไดสังเกตพอเด็กเขาสังเกตอะไรหลาย ๆ อยางมันเหมือนกับเขาเริ่ม
มีปญหาอยากถาม อยากรู อยากทดลอง ทําการทดลองเสร็จมีการทบทวนความรูถ
 าเขาตอบ
ไดก็แสดงวาเคาเขาใจ หรือในแบบบันทึกกิจกรรมที่ของ สสวท.ก็มีการตอบคําถาม มี
แบบทดสอบทายหนวย เขาตองสามารถตอบคําถามได จากนั้นครูมาทบทวนเนื้อหาให ตอง
มีการทบทวนเนื้อหาเหมือนกับย้ําอีกครั้งหนึง่ อธิบายเขาอีกครั้งหนึ่งใหเขาเขาใจมากยิ่งขึน
้

Science teaching begins with making students have curiosity about some
things. Then, they want to do the activity in order to know the answer. I
provide a wrap-up opportunity to see if students are able to answer the
questions; that means they have understanding. I also assign students to
answer the questions after the activity directions in the curriculum. After
that, I will explain content knowledge to students again in order to develop
clear understanding. (Manee, Interview #2)
เวลาที่เขาทดลองเขาจะตื่นเตนมากเลย อยางตอนที่อากาศมันมีแรงดันจริงหรือใหเขาจุดไฟ
ในแกวพอไฟดับรีบเอาลูกโปงปดมันก็จะยุบฮวบลงไปทําไมมันเปนอยางนี้ คือเขาไมรูวาเปน
เพราะสาเหตุอะไรพอเขาทดลองแลวเราก็จะอธิบายกับเขาเพราะอะไร ๆ

Students will get excited when they do the activity. For example, when I
have students do the activity about air pressure, they are very excited
when I asked them to blow a candle in a glass and then cover with a
balloon. When students see a balloon get into the glass, they are amazed
with the results. They don’t know how this phenomenon happens. So, I
will explain to them at the end of the activity. (Wanna, Interview #1)
It was only during rare opportunities that teachers promoted students’ learning through
the processes stated in the Standards.
Assertion 2: The Professional Development Participants’ PCK was Limited. Their PCK
was Associated with their Orientations.
Knowledge of students’ understanding of science. Teachers indicated that in order
to help students develop science content knowledge, they had to provide correct
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explanations about that topic to students. Teachers might direct students to do the handson activities either prior or after the instruction depending on the level of difficulty of the
topic. For example, to teach the concepts of sound and heat conduction, the teachers
might provide opportunities for students to explore the hands-on activities and then the
teachers would give the correct explanation about these concepts at the end of the
activities. However, teachers might provide instruction about the circuit and current prior
to have students doing hands-on activities when they have to teach about electricity.
In addition, none of teachers believed that elementary school students could take
responsibility for investigation without help from teachers.
อันนี้ใหสํารวจ แตออกแบบการทดลองเราไมไดใหทํา อาจจะเพราะวาเรายังไมมั่นใจในตัว
เด็กวาจะทําไดหรือเปลา แค ป. 5 ก็เลยไมคอยจะเห็นดวย

I only have students investigate or do activities that I prepare for them. I
don’t have confidence that 5th grade students can design their own
experiment. (Jinda, Card Sort Activity)
Teachers did not demonstrate knowledge about learning styles nor how ability
levels might be different among individual students.
In regards to areas of student difficulties, the teachers did not display knowledge
or beliefs that students might have difficulties learning science. The teachers believed
that if they provided a clear explanation to their students, the students would be able to
understand the scientific knowledge. In addition, some teachers, such as Chujai and
Jinda, indicated that their goal for teaching science was to develop the relevance of
science knowledge to students’ daily lives. Thus, they preferred to develop an
appreciation about science in terms of its application and ignore developing a meaningful
understanding of the scientific concept.
อยางเรื่องความถี่นี่ก็คอนขางหนักไปเหหมือนกัน แตเราไมคอย serious มากเทาไหรคือ
อยากรูแควาเสียงเทานี้เปนอันตราย เสียงมันดัง เราเนนแควา หนูอยาไปอยูใ นที่เสียงดัง จะ
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ไมใหจําวาดังเทาไหรถึงจะอันตราย ใหแคฟงแลวเรารูสึกรําคาญ อยางนี้ก็อน
ั ตรายแลว เรา
ไมเนนใหจําแตเนนที่เคาใชในชิวิตประจําวัน

I think the concept on frequency is the most difficult in the sound unit.
But, I don’t seriously emphasize developing knowledge about this concept
to students. I only want them to know the danger of sound when it is too
loud. So, they can live safely. (Jinda, Interview #2)
In addition, none of the teachers demonstrated knowledge about common misconceptions
that their students might have before or after science instruction. This limited knowledge
about student learning and ability to learn science led to limited decisions about teaching
strategies to teach particular science topics.
Knowledge of science teaching strategies. While the PD sometimes focused on
helping teachers adopt the 5E model of instruction for teaching science at their
classroom, there was no explicit instruction about the 5E model of instruction they were
expected to use. As indicated earlier, the common teaching strategies that teachers
explicitly used in their own learning cycle included only 3 steps: engagement,
exploration, and explanation by teachers. In addition, it is evident that a lack of subject
matter knowledge and pedagogical knowledge influenced the misuse of science teaching
strategies. There were many times when teachers decided to directly tell students the
correct answers or knowledge when they struggled or faced unexpected circumstances.
สวนมากจะยากกับการคุมเด็กมากกวา เรื่องอุปกรณ เรื่องการสอนไมยากสําหรับตัวเรา แตวา
มันยากเหมือนกับวาทําไมเด็กไมคอยสนใจเลย มันเหมือนกับวายากสําหรับการคุมหอง
มากกวา ถาถามวาเรื่องเนื้อหา เรื่องการทดลอง เราก็เตรียมไมยาก เราทําเองทําคนเดียวแต
ในขณะทีส
่ อนในขณะที่คุณลงมือทํา เขาไมเหมือนเรา เวลาเราทําเราทําคนเดียว แตพอให
เด็กทําเขาก็จะอยากรูอยากเห็นอะไรตามประสาเคาก็จะเกิดความวุนวายขึ้นยากสําหรับเราที่
จะทําใหเขาเขาใจและเปนระเบียบอยางวันนัน
้ ก็เห็นทั้งดุทั้งวา แตจริงๆ ถามวาการทํา
กิจกรรมควรจะเงียบเลยไหม ก็ไม แตก็ไมถึงกับวาไมสนใจครูเลยสวนมากจะเจอแบบนี้ บาง
ทีเราตองหยุดเคา ดุเคา ใหฟงเราอธิบาย

It is difficult to control students. Teaching the concept is not difficult to
me, but how to have students do the activity carefully and seriously is
more difficult. Students are not similar to adults. When I do the activity, I
pay attention to it. But, the students don’t. They like to play and make a
mess in classroom. I don’t mean that the science classroom needs to be
quiet, but I want students to listen to me. Some times I have to stop them
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from the activity and explain the results to them instead. (Chujai,
Interview #2).
The Thai Science Education Standards request that teachers use diverse teaching
strategies to serve the needs of individual students.
In providing science instruction, teachers should make use of diverse
learning strategies to respond to the needs, interests and learning methods
of the learners. (Standards, p. 3)
However, to teach a particular science topic, teachers did not offer various
representations to help students develop an understanding of the topic concept. Although
some teachers, such as Manee, directed students to do many activities, they did not
facilitate students in develop relationships between the activities and the phenomenon. In
other cases, some teachers indicated that they might invent other representations, such as
analogies or models, to help students understand the concept that was taught. For
example, Chujai, Wanna, and Jinda indicated that they would have students touch their
neck in order to develop the idea that vibration makes sound. Wanna also indicated that
to teach students about the arrangement of molecules in liquid, solid, and gas states, she
would use an analogy related to students holding their hands differently. However, the
teachers did not indicate knowledge about the disadvantages and risks, including that
models and analogies might cause student misconceptions about that concept being
taught. For example, Wanna’s analogy related to students holding hands might cause
students to believe that atoms within a liquid are longer than atoms within solids and
gasses; this analogy may represent that there was something physically connecting two
atoms together.
Teachers displayed limited knowledge of the activities they used in the classroom.
Teachers implemented hands-on activities that were in the IPST curriculum or in the PD
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handbook with their students. However, it was evident that the teachers did not have
enough knowledge about the activities or how these activities were supposed to help
students comprehend the specific concepts or relationships. The observations revealed
that the teachers had limited content knowledge of the topic they taught. This lack of
content knowledge led to the misunderstanding of the activities. In addition, the poor
content knowledge caused teachers to inappropriately modify critical components of the
activities.
ทําไมเราไดแตใชมือเคาะ ทําไมไมใชอยางอืน
่ ดู ลองดูไดมย
ั้ เราลองเปา เราก็เอะ มันก็มี
เสียงนี่ ลองใหเด็กลองเปาดูสิ ซึ่งกอนทําเราก็ลองเปาดูนะซึ่งมันก็มีเสียงนะ เพียงแตเด็ก
เคาอาจจะยังสังเกตไดไมเกงเทากับเราเทาไหร แลวบางคนประหมาเลยเปาแบบเบาๆ แลว
บางคนเปาแตละขวดดวยแรงไมเทากันมันก็เลยเกิดความแตกตางกันอยางเห็นไดขัด

I wonder why we have to knock it only. Can we use other method to make
sound? I know that when we blow at the top of bottle, it has sound. I did a
pre-lab before having students do it, and it worked. So, I tried this new
method with my students. (Jinda, Interview #2)
In addition, there might be relationships among teachers’ appropriate use of
activities, their teaching experience, and their PCK. For example, both Manee, who had a
strong didactic orientation, and Wanna, who had academic rigor and discovery
orientations, taught the concept of the states of matter to their students. The activities that
they selected for their students were similar since they were in the IPST Curriculum.
Classroom observation of these teachers revealed that there were differences between the
teaching approaches of these two teachers. In addition, Manee and Jinda’s teaching
approaches were different when they taught the concepts of sound.
Teachers did not demonstrate their knowledge of variation of teaching approaches
for understanding the specific science concepts. Hence, the teachers did not use a variety
of representations to develop meaningful understanding to all students. Instead, they used
the same teaching approach in teaching each science topic. In addition, the decision about
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using teaching strategies was influenced by the teachers’ beliefs about how science
teaching might constrain their teaching practice. For example,
เราสามารถ control เด็กได เด็กเคาตั้งใจทีจ
่ ะเรียน ถาเคาเขวปุบเราสามารถที่จะทําใหเคา
เขาสูบทเรียนได เรามั่นใจวาคุณมาแบบไหนก็เถอะชั้นปราบคุณได ไมกลัว สวนเรื่องสอน
วิทยาศาสตรตอ
 งตลกนี่บางทีเราไมใชคนตลก มันก็เหมือนกับฝด บางทีเราก็อยากใหมัน
ตลกอะนะ เราก็รูวาสอนวิทยาศาสตรมันตองสนุกสนานนะ แตดวยบุคลิกของเรา เราเองก็
ไมใชเฮฮาปารตี้อะนะ มันก็คอนขาง อยากใหมันเปนอยางนั้นละ แตบางทีมน
ั ก็ไมใชเรา

I can control students to pay attention to the activities or lessons whenever
they are off track. I am confident to do that. However, I feel
uncomfortable with the idea that teaching science needs to be fun. I am not
that kind of person. So, sometimes when I try to make a joke with my
students, I feel it is unnatural because it isn’t my personality. (Jinda,
Interview #2)
The excerpt above reveals that Jinda thought teaching science in the elementary levels
had to be fun. The elementary teacher needs to be a playful person who has a lot of jokes
to share with students. Jinda indicated that this personality was opposed to hers.
Consequently, Jinda demonstrated her anxiety that students might not be happy when
coming to her classroom.
Knowledge of science curriculum. All teachers indicated that the current science
curriculum was different than the previous one since science was now included in the
Life Experience subject. According to this new curriculum, teachers indicated that there
were many hands-on activities and a lot of content knowledge that students needed to
understand. Some teachers indicated that their knowledge about the new curriculum
included an understanding that students would be involved in learning by doing activities
and developing their own explanations while the teacher’s role was to assist in facilitating
this learning environment.
หลักสูตรใหมเนนใหเด็กไดเรียนจากประสบการณจริง ไมใชวาครูจะตองคอยบอกตลอด คือ
เขาเคยชินกับการวาครูตองบอก เด็กบางทีถามอะไรคิดไมเปนจะรอแตครูบอกอยางเดียวคิด
ไมเปนก็พยายามฝกใหเขาคิดอยางเวลาสรุปผลการทดลองเราก็พยายามใหเขาไดมีสวน
รวม เอาคนนั้นไหนลงอสรุปซิผิดถูกไมเปนไรบางทีก็เอาของคนนี้มาผสมกับคนนี้อะไรอยาง
นี้ เขาก็มีความรูสึกวาเขาพูดถูกครูเอาของเขาขึ้นบนกระดาน เขาก็มีความภูมิใจ พอครั้ง
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ตอไปเขาก็จะพยายามจะตอบพยายามสรุปเองในการทดลงอันนั้น อะไรอยางนี้ ก็รูสึกวาเขา
ชอบ

The new curriculum focuses on students to have real experience. The
teacher does not have to tell everything to students, but gets students
involved in the learning by encouraging them to develop reasoning and
create knowledge through investigation. I try to follow this new teaching
process by encouraging students to share their thinking. I found that
students are proud when the teacher recognizes their answer. So, they try
to answer questions and make conclusions. I feel students enjoy learning
this way. (Wanna, Interview #2)
In addition, teachers indicated that the new science curriculum contained many fun
activities that were appropriate to students. However, the teachers indicated that they also
looked for other exciting activities from other resources.
Knowledge of assessment of scientific literacy. The interviews and card sort
activities with each of the teachers revealed that the teachers displayed limited knowledge
about assessment in terms of knowing what important aspects of the particular concepts
needed to be assessed. In addition, the teachers’ questions during classroom instruction
focused on asking students to recall factual knowledge rather than asking for their
understanding of the concept.
All of the participant teachers indicated that they planned to use different methods
of assessment during the school term. These methods included asking questions and
observing students’ responses during classroom teaching, looking at students’ work and
their participation in hands-on activities, concept mapping, and scores from multiplechoice and laboratory practical examinations. The teachers believed that using many
assessment methods helped them generate a clearer understanding about how students
understand the science content knowledge and that the use of multiple assessment
methods was also fairer to students.
ก็มีใบงานใหนก
ั เรียน ใชวิธส
ี อบถามเพราะบางคนเขียนไมเปนถายทอดไมเปน แตเคาพูดได
้ เราจะใชวิธีแคทําขอสอบ
อยางเด็กป. 4 เนี่ยบางทีเคายังเขียนหนังสือไมได เพราะฉะนัน
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ขอเขียนนี่ไมได ตองมีการ observe ขณะทําการทดลองเด็กสนใจมากแคไหน พอทดลอง
แลวไดผลถูกตองมั้ย แลวเด็กสนใจที่จะซักถามมั้ย คือมันตองีหลายๆ อยาง สอบอยางเดียว
ไมได เพราะเด็กบางคนไมสามารถอธิบายเปนการเขียน เหมือนกับใหเราเขียนเรียงความนะ
ไมเคยเขียนไดสักที เพราะฉะนั้นใชวิธส
ี อบขอเขียนอยางเดียวคงเปนการทํารายเคา

In addition to the activity worksheet and examination, I use other
assessment instruments with students because some students cannot well
communicate well through writing, but verbalization. I also observe their
intention in the classroom. I think this is fair to the students. (Jinda,
Interview #2)
However, the use of assessment instruments by teachers focused on assessing students’
knowledge of scientific facts more than other important aspects that teachers should
monitor students during the learning process, such as students’ alternative conceptual
understanding.
Also, the teachers indicated that they knew many ways to assess students’ science
learning. However, there was not enough evidence to support claims about how much
knowledge teachers had about each assessment method, why they decided to use these
methods, and why these methods were more appropriate to use during a specified
timeframe in order to assess a specific aspect of student learning rather than others.
Observations of the use of assessment methods revealed that sometimes the teachers used
the assessment instrument without knowing how to use the instrument appropriately. For
example, Manee encouraged students to develop a concept map after they learned
concepts about sound. The way in which Manee directed students to develop the concept
map did not properly assess students’ understanding about how vibrations make sound.
Instead, Manee preferred students to make their maps beautiful rather than focusing on
the thoughts and connections between concepts that the students developed.
Summary
This chapter reveals that the professional development participants displayed
didactic and activity-driven orientations and two teachers, Wanna and Jinda, also
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exhibited the academic rigor orientation. The individual teachers could exhibit more than
one orientation when they taught a particular science concept. This orientation was either
consistent or inconsistent when they taught different topics or lessons. In addition, the
orientations that the teachers displayed deviated from the reformed Science Education
Standards.
The professional development participants exhibited limited PCK, including
knowledge of students’ understanding of science, science teaching strategies, and
assessment of scientific literacy. The teachers displayed moderate understanding about
the curriculum they used. However, they exhibited poor knowledge of other three
components of PCK. Similar to the case of professional developers, it is evident that the
limitation of one type of knowledge resulted in the ineffective use of other types of PCK.
Coda
Reflections of the Professional Developers after Watching the Video Clips
of Teachers’ Teaching
After I finished collecting data with the teachers--Manee, Chujai, Jinda, and
Wanna--I asked all professional developers to watch teaching video clips that I had made
of the teachers. There was only one teacher, Wanna, who did not agree to be videotapes
during her teaching. For Manee, she taught many science concepts including properties of
liquids and gases, and sound. Thus, I did not have the professional developers watch
every clips of Manee, but selected the video clip when she taught properties of liquids to
her students.
When the professional developers watched all the video clips together as a group,
I conducted a focus interview with them. According to the interview, the professional

327

developers looked surprised with the teachers’ teaching. They realized that the teachers
did not have strong content knowledge of the concepts that they taught. Piti discussed
Jinda’s modification of the activity from knocking to blowing at the bottle, recognizing
that she did not have content knowledge of pitch, frequency, and resonance of sound.
เรื่องของการเปาขวด มันได concept เรื่อง resonance ไมใชเรื่องของน้ํามากแลวสั่นชา น้าํ
นอยสั่นเร็ว มันไมใชเพราะไปใชการเปา การเปาเปนเรื่องของ resonance แลวก็ถาการเคาะ
ถึงจะเปนการสัน
่ แตเด็กเคาจะไมเห็นการสั่น มันก็จะโยงไปถึงความถี่

When we blow at the bottle, it introduces the concept of resonance. I
asked them to hit at the bottle to see how the water in each bottle waves
differently. This can also lead to the concept of frequency. (Piti, Focus
Group Interview)
Sommit, on the other hand, mentioned that teachers might not have strong content
knowledge of the topics that they were video taped. However, the teachers might have
good content knowledge of other concepts that I did not observe.
ตกลงทั้งของฟสิกสและของเคมีนั่นแหละ ครูมพ
ี ื้นความรูไมแนน ในเรื่องทีส
่ อนนะ ในเรื่องที่
เอามาใหดู แตเรื่องอื่นเคาอาจจะเกง แตวาเรือ
่ งรอบตัว นอกนั้นก็ดี

We can see that in teaching the particular concept either physics or
chemistry, teachers did not have good content knowledge. However, they
might have good content knowledge in other concepts that we did not see
the clips. And I think they have good teaching techniques. (Sommit, Focus
Group Interview)
Somsri indicated that the video clip of teachers’ teaching helped her to know that
teachers from the private schools did not have good content knowledge just as teachers
from the public schools. In addition, she realized that these teachers held misconceptions
on the topics they taught.
ทําใหเรารูว าครูมีความไมเขาใจในเนื้อหาทีส
่ อน concept มันไมคอยได มี misconception
ดวย แตเคาไมรูตัว เคาถึงไดบอกวาเด็กจับประเด็นไมได ไดดูอยางนี้ก็ดท
ี ําใหเรารูว าตอไปนี้
เราจะมาคิดเองวาครูรูแลวแลวเราไมลงในรายละเอียดไมได

These clips help me know that these teachers don’t have good knowledge.
They also have misconceptions, but they don’t realize it. They thought
students did not pay attention to them so they didn’t understand the main
ideas of the concepts. To watch these clips I know that I cannot assume
that teachers know science content. I cannot ignore the details. I have to
explain everything to them. (Somsri, Focus Group Interview)
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During watching the video clips, Somsri also stated to the other professional developers
that the clips told them that they could not assume that the private school teachers had
good content knowledge. The excerpt above also implies that Somsri may design future
PD that emphasizes developing content knowledge to teachers.
When the professional developers were asked about how the teachers’ teaching
met their goals or the PD goals, they indicated that in general the teachers had good
teaching techniques. However, the ways that the teachers taught in classrooms did not
align with the objective of the Standards. The professional developers also indicated that
if teachers followed the IPST curriculum strictly, they would teach in the way required in
the Standards. They indicated:
คือเทคนิคทั่วไปอะดี แตวาแบบที่จะเอาไปใชเพื่อใหไดตามจัดประสงคทต
ี่ องการมันไมตรง
เพราะฉะนั้นจะตองดู step ดูอะไร เราก็เสนอแนะใหใชหนังสือ สสวท. เพราะเราวาง step
ไวใหเพื่อจะใหไดตามมาตรฐานที่กําหนดไว

For the general teaching techniques, I think they are O.K. But, for the
techniques in teaching science based on the Standards, I think they did not
do it well. They did not follow the steps that we provided for them in the
IPST curriculum. In the curriculum, we provided clear teaching steps that
align with the Standards. (Piti, Focus Group Interview)
It is interesting that Piti, who held the pedagogy-driven orientation, was not
disappointed with teachers’ teaching strategies as much as Somsri. Piti did not closely
look at the sequence and quality of teachers’ use of the 5E model. He only indicated that
if teachers used and followed the IPST curriculum, they would not have problems in
teaching science. However, Somsri indicated that watching the video clips helped her to
know that teachers did not teach science using the 5E model of instruction, which the
professional developers tried to encourage them to do.
คนที่ 2 นี่ 2 ขั้นนี่พอใชไดนะ แตขั้นที่ 3 นี่ที่วา ขณะทดลองนี่ก็ไปได แตขาดขั้นที่วา
อภิปรายและสรุปผลรวม พอนําไปขยายผลรูส
 ก
ึ แกสะเปะสะปะ ชวงสุดทาย ตอนขยายผลนะ
คือมันจะตีกับ ชวงสุดทาย ตอนขยายผลนะ คือมันจะตีกับ คือเคาไมแมนในองคความรู แลว
ก็เลยไปลงที่เด็ก ไมใช ถาเราดูแลว เพราะครู
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For Chujai, her first two steps of the 5E are O.K. But, she did not do a
good job on explanation and conclusion, which brought the confusion in
the elaboration step. She did not have good content knowledge in helping
students to understand about this concept [heat conduction]. But, she
didn’t know it. She taught, but students did not pay attention to her, which
is not right. (Somsri, Focus Group Interview)
Somsri indicated that Chujai did not realize that her poor understanding of the concept
she taught led to confusion among students. The video clips of teachers’ teaching led
Somsri to have the idea of providing a pre-lab before teaching science.
เห็นแลววาครู misconcept อยางไร กระบวนการสอนอยางไร คืออยากจะใหเคากอนทําการ
ทดลองใหเคาชี้แจงกับเด็ก อยางนี้เห็นไดเลยวาควรมี pre-lab คือครูควรจะ pre-lab ให
เรียบรอยซะกอนไมใชมาบอกทีละขั้นๆ แลวเด็กจะจับประเด็นอะไรไมไดเลย จะรวบยอดเลย
ไมได

I can see how the teachers have misconceptions and how they teach in the
classrooms. This clip brought me the idea about providing pre-lab to the
students before the formal teaching. For example Manee, she should
provide pre-labs to her students rather than telling students to follow her.
So we can see that students did not learn any things. They didn’t know
what the main idea is. (Somsri, Focus Group Interview)
The excerpt above reveals that Somsri did not agree with Manee’s teaching strategies that
she directed students to follow her step-by-step during the activity.
However, Piti and Sommit indicated that they were satisfied with Manee’s and
Chujai’s teaching. They indicated that at least the teachers allowed students to participate
in hands-on activities.
คือจริงๆ สิ่งทีค
่ รูไดไปก็อาจจะเปนที่วาจะกลาสอนโดยใชการทดลองมากขึ้น ผิดถูกไมวากัน

No matter it is right or wrong, I think at least teachers are brave to teach
science and have students to do experiments. (Piti, Focus Group
Interview)
กลาใหเด็กไดใชอุปกรณมากขึ้นนะ ใชมย
ั้ ธรรมดาจะไมคอยกลา

Teachers also opened to students to use materials and equipments, which
normally they were hesitant to do that. (Sommit, Focus Group Interview)
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The excerpts above reveal that the professional developers believed that the PD was
successful in that the teachers were not hesitant to teach science. In addition, there was a
positive sign in that teachers allowed students to use scientific materials and equipment.
When asking Piti about how these clips helped him in terms of teachers’
knowledge and future PD design, he indicated that:
เรารูวาครูสวนหนึ่งไมรู แตไมสามารถจะลงรายละเอียดไดทั้งหมดทุกกิจกรรม โดยเห็นวา
อยางเชนการสอนทุก step เราไมสามารถจะบอกไดสอนอยางนี้ไปอยางนี้ๆ แลวจะไปได
ผลสรุปอะไร เพราะ concept มีมากมายที่เราจะตองใหการอบรมในเวลาไมมากนัก
เพราะฉะนั้นก็จะพูดกันเฉพาะ concept ที่พอจะพูดไดไมเสียเวลามาก กิจกรรมก็เปน
กิจกรรมที่คอนขางจะสําคัญ ครูควรจะทําอยางนั้นเราถึงจะให ทีนี้ปรากฏวาอยางเรื่อความถี่
ของเสียงเปนอีกเรื่องที่เราไมไดใหการทดลองเราไมไดใหทาํ

I know that some teachers might not know the content and the pedagogy.
But, we cannot do every activity. We cannot tell every step and learning
outcome of each step because we have too many concepts to cover within
a limited timeframe. Thus, we have to select the activity that is not too
time-consuming. (Piti, Focus Group Interview)
When Piti was asked about future PD projects, he still mentioned that his PD design and
implementation was limited by time restrictions.
ปญหาก็คือขั้นตอนการสอนนี่เราแสดงใหดูไมไดเลย เนื่องจากเวลามัน.... คือเราอยาก
แสดงใหดูเต็มๆ ทําไมได คําวาเต็มๆ ก็คือ 1 ชั่วโมงเราไปไดไมกี่เรื่อง เราไปไดแทบจะ 1
สาระ อยางที่ผา นมาสอนเสียงกับไฟฟาคนละ 1 ชั่วโมง อยางนี้ มันไมรูกี่กิจกรรม
เพราะฉะนั้นมันแสดงใหดูไมได จริงๆ มันควรจะมีการแสดงใหดส
ู ัก 1 ตอน

I wish I could model the steps of 5E clearer than I did. But, it is not
possible because I only have about one hour for teaching sound concepts
and another professional developer will have about an hour to teach
electricity and magnetism. Thus, we cannot model teaching of every
activity. (Piti, Focus Group Interview)
The professional developers learned from watching the video clips of teachers’
teaching that teachers from the private schools also had limited content knowledge in
science. They also learned that the teachers did not implement the 5E model of
instruction in their classrooms. However, they still believed that the absence of all 5 steps
of the 5E in the classroom was because these teachers did not follow the IPST curriculum
seriously. In addition, the professional developers still believed that they could not
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provide a full version of the 5E implementation during the PD because of the time
restriction. The focus interview with the professional developers showed that although
the video clips of teachers’ teaching helped them realized about teachers’ learning and
teaching science, this information seemed to have little impact on their PCK for PD.
Somsri was the only professional developer who mentioned that she would redesign the
future PD by emphasizing more content knowledge to teachers. Other professional
developers still believed that their PD design and implementation were limited by time
restrictions. In addition, Piti and Sommit were happy that, although teachers did not have
strong content knowledge, they did not hesitate to implement hands-on activities with
their students. This could be explained by the orientations for PD that each individual
professional developer displayed. For example, the video clips helped Somsri, who held
didactic orientation and belief that teachers are knowledge tellers, to learn about teachers’
knowledge of science. Watching the video clips influenced her belief about PD design in
that she realized should not leave out the simple concepts, assuming that teachers might
know them already. According to Sommit, the activity-driven orientation led him to be
satisfied when teachers used hands-on only in the science classrooms without helping
students connect the activities to conceptual understanding. Although Piti also held an
activity-driven orientation, the orientation that served as a dominant role in this PD was
pedagogy-driven orientation. Thus, I was surprised with his reflection on teachers’
teaching when he agreed with Sommit that at least teachers allowed students to do
science activities in the classrooms. He did not reflect on the teachers’ use of 5E teaching
approach in the classrooms. In addition, it seemed that the video clips of teachers’
teaching would not influence his future PD design, although that remains to be seen. In
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regards to Vimon, she watched the video clips quietly and did not mention anything
during the focus group interview. Thus, it was difficult to claim how these clips
influenced her PCK for PD.
In summary, the focus group interview with the professional developers helped
me to understand that the orientations for PD influenced the ways that professional
developers viewed the success of the PD. In addition, professional developers’ learning
about PD and their own teaching practice were also blocked by their orientations.
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CHAPTER SIX: CONCLUSIONS AND IMPLICATIONS
The purpose for examining this entire PD project as a case was to understand the
dynamic nature of science PD in a holistic manner. Research questions that guided
analysis and writing up included: (a) What happens during the professional development
workshop? (b) What are professional developers’ orientations to professional
development? (c) What do professional developers know about teachers, curriculum,
instructional strategies, and assessment for professional development? (d) What
knowledge do professional developers take into account during the professional
development design process? (e) What happens during classroom teaching that takes
place after professional development? (f) What are professional development
participants’ orientations to science teaching? (g) What do professional development
participant know about students, curriculum, instructional strategies, and assessment for
science teaching?
This chapter includes a synopsis of the findings, discussion of the findings in
relation to the research literature discussed in Chapter Two, and implications for
professional developers, science educators and researchers. I end this chapter with the
recommendations for future research.
Synopsis of Findings
The first research question is to understand nature of the PD workshop. Based on
my observations with the professional developers, I assert that the professional
developers displayed a role as a knowledge provider while the professional developer
participants were mostly passive recipients, who had less opportunity to communicate
ideas, experience, and knowledge. The professional developers exhibited beliefs that
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knowledge of science could be simply discovered through hands-on activities. In
addition, all professional developers believed that they already provided necessary
information, such as content knowledge, hands-on activities, lists of materials, and
answers to each question in the activity worksheets and PD handbook. Thus, teachers
must review that information on their own after they left the PD. Some professional
developers, such as Piti and Somsri tried to model the 5E instructional approach to
teachers during the PD workshop in order to encourage them to teach science using this
teaching strategy. However, Piti and Somsri only emphasized the first three steps, but
ignored the remaining two steps of the 5E model. Vimon and Sommit, on the other hand,
focused on providing hands-on activities to teachers in order to help teachers have
choices of activities to use with their students. The professional developers displayed
their confusing about the explanation and elaboration steps in the 5E model.
According to second question of this study, the professional developers displayed
multiple orientations, including activity-driven, discovery, didactic, and pedagogy-driven
orientations. The majority of professional developers held activity-driven, discovery, and
didactic orientations. The professional developers tried to cover the PD activities that
they planned for the PD while providing correct information and knowledge to teachers.
With regards to this study, I found a new orientation called pedagogy-driven orientation.
I defined this orientation as the orientation in which the professional developer introduces
pedagogy knowledge that necessary in science teaching. The professional developer
presents information through lecture, activity, discussion and questions in order to
develop an awareness of science teaching among teachers. In this orientation, the
professional developer does not necessarily select PD activities to enhance content
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knowledge of teachers. For example, the two professional developers who strongly
exhibited the pedagogy-driven orientation emphasized content development less. Piti’s
belief about poor pedagogical knowledge of the elementary teachers about teaching
science through inquiry led Piti to plan the PD to help the teachers address their needs.
Rather than focusing on developing content knowledge about the concept of sound to
teachers, Piti emphasized selecting and modeling the activities that would represent the
5E model of instruction. In addition, Piti kept reminding teachers about the teaching
techniques that they should use in their classrooms.
Also, my analysis revealed that the four orientations displayed by the professional
developers deviated from the Science Education Standards in Thailand. I found evidence
that all professional developers displayed didactic, activity-driven, and pedagogy-driven
orientations instead of inquiry, guided-inquiry, or other orientations that could serve the
request of the Standards.
Science concerns learning about nature by man, who uses observation,
investigation and experimentation of the natural phenomena and takes the
results to formulate systems, principles, concepts and theories. Therefore
the teaching/learning of science emphasizes the learner as the person
doing the learning and discovering by him/herself so that process and
knowledge are acquired from the pre-school years through education at
tertiary level and post graduate level and even at the work place.
(Standards, p. 4)
The analysis revealed that the professional developers believed that knowledge is facts
which can be learned by reading or telling from experts. In addition, the activity-driven,
didactic, and pedagogy-driven orientations led to the results that the PD implementation
of professional developers could not meet the aims of science teaching/learning as
requested in the standards.
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Furthermore, the professional developers exhibited inadequate PCK for PD,
including knowledge of teachers’ understanding of science, knowledge of PD strategies,
knowledge of PD curriculum, and knowledge of assessment of teachers’ scientific
literacy. It is evident that the limitation of one type of knowledge resulted in limiting
other types of PCK. The professional developers’ knowledge and orientations influenced
their selection of PD activities and teaching approaches. There was a relationship
between the orientation of professional developers and their decisions in selecting the PD
activities. I found that the professional developers selected the activities using 4 criteria,
including: (a) introducing the science content and science teaching strategies that were
required by the Science Education Standards, (b) hands-on and fun to do, (c) manageable
in the classrooms, and (d) manageable in the PD.
According to teachers’ knowledge, orientations, and practices, the majority of
teachers displayed a didactic orientation to the science topics they taught. They also
exhibited other orientations, including activity-driven, discovery, and academic rigor
orientations. The orientations of these teachers were aligned with the professional
developers in that they believed that knowledge was facts that could be transferred from
teachers to students. The teachers provided hands-on activities to students without
enough knowledge about the content that could be developed from doing those activities.
To compare the teachers’ orientations with the standards, their orientations were critical
factors that influenced the absence of science teaching/learning strategies that aligned
with the Standards.
The teacher participants demonstrated limited PCK. Their knowledge of students’
learning of science, science teaching strategies, science curriculum, and assessment were
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not adequate to teach science effectively. None of the teachers displayed an awareness of
students’ prior knowledge and difficulties to learn the concepts that were taught. They
also did not demonstrate the specialized knowledge (Hill, Rowan, & Ball, 2005) in terms
of knowing strategies or models to represent knowledge, understanding how these
strategies work, knowing why the model, activity, and teaching strategy are useful in
developing student understanding, and understanding the meaning of strategies, models,
and procedure in teaching. The limited PCK led to the lack of an appreciation of science
reasoning, understanding the meaning of scientific ideas and procedures, and knowing
how ideas and procedures connect.
After watching the video clips of teachers’ teaching, the professional developers
acknowledged that teachers did not have adequate content knowledge of the topics they
taught. However, the professional developers did not worry about the teachers’ content
knowledge or knowledge and ability in teaching science through the 5E approach. Rather,
they were happy with the teachers’ use of hands-on activities with their students. At the
end of the focus interview, Piti and Sommit confirmed that what they did in the PD was
the best they could do under the time restrictions.
Discussion and Conclusion
What Can Be Learned From This Study?
The overarching research question of this study was: What knowledge,
orientations, and practices do science professional developers and professional
development participants have and what are the consequences of these understandings?
In response to the questions on knowledge, orientation, and practice of professional
developers, I learned that the professional developers displayed orientations that
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obstructed inquiry-based instruction as required by the Thai Standards. In addition to
their orientations, limited PCK influenced the PD implementation and outcomes.
Although I did not assess content knowledge of PD participants before and at the end of
PD, the observation and discussion with teachers helped me to learn that teachers did not
have sufficient content knowledge to teach science. In addition, the PD did not benefit
teachers in developing in-depth structured content knowledge, or PCK of students,
instructional strategies, curriculum, or assessment. Although the professional developers
introduced the 5E model of instruction through modeling or instruction, they did not
develop the teachers’ ability to use this teaching model. Consequently, the professional
developers did not meet their goal in terms of the PD participants’ use of PD activities in
their classroom through inquiry-based teaching approaches.
This study allowed me to learn that in order to develop teachers’ knowledge,
orientations, PCK and teaching practices we need to alter the professional developers’
orientations and PCK for PD by recognizing the Dynamic of PD (as shown in Figure
20). However, where in this PD cycle that we should start? My four years of learning
experiences in the Ph.D. program might help to answer this question.
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Figure 20. The Dynamic of Professional Development
My orientations and PCK for PD at the start of my doctoral program were similar
to those of Vimon, one of the professional developers in this study. Before I started the
Ph.D. program, I was trained to be a professional developer by the staff in the
Department of Primary Science, IPST. I did not have classroom teaching experiences.
The ways I learned about designing and implementing PD were from observation of my
colleagues’ teaching. Thus, I believed that, at that time, I held the activity-driven and
didactic orientations. However, during the Ph.D. program, I continually developed
knowledge and awareness about elementary science teaching and professional
development through coursework, talking with experts, observing PD, and working on
several PD research project . At the end of the Ph.D. program, I strongly believe that my
orientation and PCK for PD are toward inquiry, although I still have not had formal
classroom teaching experience. To relate my development of knowledge, orientation and
PCK to the Dynamic PD cycle, I believe that we need to create cognitive dissonance in
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the professional developers. In other words, we need to intervene in the PD Cycle at the
phase that the professional developers observe and reflect on teachers’ teaching. This
dissonance experience will help the professional developers realize and develop
awareness about teachers’ teaching in their classrooms. It is important that the PD should
include follow up opportunities for the professional developers to visit teachers’
classrooms to observe their teaching, and chances to reflect with other professional
developers what they can learn from these observations. These opportunities would help
the professional developers to develop reflective thinking about the relations of teachers’
practices and PD, which may lead them to think about their own teaching during the PD
implementation. However, my experiences in the Ph.D. program indicated that this
process of changing take time.
With regards to the teachers’ knowledge, orientations, and practices, I learned that
these teachers did not have adequate content knowledge or PCK in the topics that they
taught. In addition, the teachers’ orientations shaped their science teaching. Throughout
the observations, teachers taught science from a didactic perspective and emphasized the
development of students’ factual knowledge rather than inquiry skills or conceptual
understanding.
Extending the Magnusson et al. model of PCK, I noticed that the relations among
knowledge components of PCK might be more complicated. The study showed that the
lack of one type of knowledge influenced the use of other types of knowledge. For
example, the teachers who displayed a didactic orientation believed that knowledge is
transferable from one person to other persons. Thus, this orientation influenced decisions
in assessment strategies and teaching methods. In addition, the limitation of knowledge of
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students’ learning difficulties and misconceptions led to the misuse of teaching strategies,
curriculum, and assessment methods.
What Is The Significance Of This Study In Relation To The Research?
In Chapter Two, I discussed three gaps in the research literature that this study
addresses. These gaps were (a) research on the professional developers’ PCK, (b)
research on PD in a holistic view, and (c) research about the PD context in Thailand. The
findings of this study can address these three gaps in the literature as follows.
PD orientations and PCK. The first gap was research on professional developers’
PCK for PD. I found no studies in the science education literature that focused on PCK of
professional developers. This study contributes to the research literature in that I
conducted a study with professional developers to investigate their PCK for PD. With this
aspect, I designed a tool to explore professional developers’ orientations for PD. I
developed a set of scenarios for a card sort activity. I encouraged professional developers
to reflect on each scenario and then sorted the scenarios that represented their own
teaching from most to least.
At the beginning of the design of this study, I hypothesized that the PCK for
science teaching (Magnusson et al., 1999) framework could be adapted to the study of
professional developers’ PCK for PD. The findings of this study show that the
Magnusson et al. model can serve as a conceptual framework for understanding the
professional developers’ PCK for PD. I found that the professional developers in this
study held didactic, activity-driven, and discovery orientations, which are similar to the
orientations for teaching science. I also found that the orientations were held
simultaneously and consistently. The professional developers’ orientations for PD,
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knowledge of teachers’ learning, of PD curriculum, of PD strategies, and of assessment
influenced their design and implementation of the PD.
Furthermore, this study allowed me to find a new orientation that could be added
into a model of PCK for PD. This orientation is a pedagogy-driven orientation.
Professional developers who held this orientation will focus on introducing teachers to
particular teaching strategies through either lecture, modeling, or doing hands-on
activities. The professional developers who have the pedagogy-driven orientation pay
less attention to developing content knowledge in teachers.
Holistic view of PD. The second gap in the research literature that I found was
that, although many researchers conducted studies on design, implementation, and
outcomes of PD, these typically were done in separate pieces. According to these
research pieces, researchers found that PD experiences are intellectually superficial,
disconnected from deep issues of curriculum and learning, fragmented, and noncumulative (Ball & Cohen, 1999). In addition, teachers adopted a reform-based
curriculum superficially, then continued to teach in traditional ways (Horizon Research,
2002; Keys & Kennedy, 1999; Olson, 1981; Welch, Klopfer, Aikenhead, & Robinson,
1981). With this gap in the literature, I hypothesized that investigating the nature of PD in
a holistic view might help us to develop understanding of the dynamic of PD design,
delivery, and outcomes. In addition, the holistic study would help us to understand other
factors in the PD process that influence the design, implementation, and teachers’
learning. In this study, I found that these factors include professional developers’
orientations, PCK for PD, and knowledge about context (Guskey, 2000; Magnusson,
Krajcik, & Borko, 1999)--teachers and schools.
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Although Lee, Wang, Musikul, and Abell (2006, March) conducted a study with
one PD project to understand the PD process in holistic manner, they did not observe the
PD design, classroom teaching, or professional developers’ reflection on teachers’
teaching. Thus, the study could not deeply explain how the PD influenced teachers’
learning and teaching, or how the outcomes of PD influence professional developers’
learning about PD and about their own practice. The findings of the present study
allowed me to learn that the professional developers’ orientations for PD deviated from
the Standards. Their orientations did not support teachers’ learning and beliefs about
science teaching. Thus, it was not surprising that teachers only adopted the PD activities
and curriculum superficially and continued to teach in traditional ways.
The professional developers showed several conflicts between their knowledge
and implementation. First of all, they believed that teachers had adequate knowledge for
teaching science at primary grades. In addition, they believed that teachers could learn
science content from doing activities during the PD. However, these professional
developers also held another belief that teachers could not learn difficult contents from
doing the activities. To teach difficult content, professional developers needed more time
for telling. Thus, the professional developers did not spend adequate time to develop
teachers’ learning of the difficult science concepts. Instead, they selected activities that
they believed that teachers could learn the science from by doing the activities. However,
although the professional developers believed that teachers already understood the easy
concepts and they could also learn from doing activities, three of four professional
developers still provided content knowledge to teachers through lecture.
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The second conflict was the role of activities in PD implementation. At the
beginning, the professional developers discussed that doing activities could help teachers
learn science content. However, probing their beliefs and their reflections on the video
clips of teachers’ teaching show that the professional developers held other beliefs about
the role of PD activities. They believed that having teachers do the activities in the PD as
they would teach in their classrooms would increase their confidence in teaching science.
The second role of PD activities was to develop teachers’ laboratory abilities. Taking into
account both the first and second conflicts, there is no surprise that the professional
developers did not see learning science content and doing activities as fitting together at
some points. This also explained that why didactic and activity-driven orientations were
integrated within the individual professional developers’ beliefs.
The third conflict that I found within the professional developers was their belief
about inquiry. Although the professional developers wanted teachers to implement
inquiry-based approaches in their classrooms, they did not use the inquiry approach in the
PD. The professional developers believed that teaching science through inquiry was timeconsuming, while their time for PD was limited. Thus, the professional developers did
not fully implement the 5E inquiry approach during the PD. They also did not make the
strategies nor the benefits of inquiry in teaching and learning explicit to teachers. They
anticipated that teachers would see the importance of inquiry and use it with their
students. However, the third conflict of professional developers could be understood
when they reflected on the video clips of teachers’ teaching. These professional
developers did not hold inquiry orientations for PD. Thus, they were not disappointed
when they found that teachers did not implement inquiry in the classrooms. In addition,
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the activity-driven orientation of professional developers led them to be satisfied when
they knew that teachers adopted the PD activities, but still taught it in their own way
without understanding the concepts.
Loucks-Horsley et al (2003) suggested in their model that the evaluation of PD
outcomes would return back to and influence the professional developers’ knowledge and
beliefs. However, I found that the professional developers’ learning about PD and about
their own practice was blocked by their orientations. Instead of seeing the strength and
weakness of PD and their own teaching, the evaluation of teachers’ learning and teaching
did not show any effects on the professional developers’ knowledge and beliefs when the
results matched with their orientations.
PD context. The third gap in the research literature was the research about the PD
context in Thailand. Guskey (2000) indicated that a quality of PD is influenced by three
factors, including content, process, and context. With regards to context, Guskey
suggested that PD should be designed in ways that best suit organizational and individual
contexts. In terms of PCK, knowledge of context is one of three factors that influences
PCK (Magnusson et al., 1999; Grossman, 1990). Within this study, I found evidence that
lacking knowledge about context influenced PD design and also impacted teachers’
learning. According to this study, the professional developers did not acknowledge well
enough about their participants and their schools. They made assumptions that the private
school teachers had more content knowledge in science than the public school teachers.
In addition, some professional developers made assumptions that teachers did not have
enough materials and equipment in doing science activities. These assumptions affected
their PD design.
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In conclusion, to develop deep understanding about PD and teachers’ learning, we
as science educators and researchers needed to study PD in a holistic manner in order to
understand how professional developers’ orientation, PCK, and other knowledge
influence the design and implementation of PD. Similar to classroom teaching,
professional developers need to have a specialized form of knowledge that transforms
subject matter knowledge, pedagogical knowledge, and context knowledge for PD and
for elementary science teaching into an understandable form for teachers. In addition, this
study found that professional developers’ orientations and PCK are important to their PD
design and implementation. Thus, I would suggest that in order to design and implement
a quality PD, we need to realize how orientations and PCK for PD are important to
develop a quality PD that helps teachers’ learning and teaching.
Implications
Implications for Professional Development in Thailand
The need for developing PD that is coherent to teachers, especially in the
Thailand context, is crucial to science educators and professional developers. LoucksHorsley, Love, Stiles, Mundry, and Hewson (2003) explained that an effective
professional development design takes into account the need for sustainability.
Understanding the dynamic of PD design, delivery, and outcomes by examining PD in a
holistic manner can help Thai professional developers to reflect about their orientations,
practices, and PD outcomes, which will benefit their future PD design helping them
support teachers and ultimately their students in the teaching and learning of science.
Thus, this study provides implications for future PD in Thailand in that the PD needs to:
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• Provide a supportive but challenging learning environment. PD should
develop in-depth structured content and pedagogical knowledge, which
establish connections to teachers’ science classroom.
• Be designed as a long-term project that promotes development and changes in
teachers’ content knowledge, orientation, and practice. The PD must
challenge teachers to change the didactic and activity-driven orientations
toward an inquiry orientation.
• The PD should include assessment and follow-up opportunities in order to
give feedback to teachers about their learning and teaching in order to help
teachers improve their skills. In addition, the assessment and follow-up
supports provide empirical evidence for the professional developers to
enhance their PCK.
• The professional developers should help teachers, and also themselves, to
realize that the isolation of content knowledge, pedagogy knowledge,
knowledge of students, activities and assessment do not constitute effective
science teaching.
Implications for Professional Developers in Thailand
Loucks-Horsley et al. (2003) explained that professional developers need a broad
range of knowledge and skills in developing expertise in the content and pedagogical
content of science education, organizational change, adult learning and development,
coaching, evaluation, and professional development strategies. With regards to this study,
I found that professional developers must develop expertise in PCK for PD including
knowledge of teachers’ learning, of PD strategies, of curriculum, and of assessment. This
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study provides implications in that we might need to consider professional development
for professional developers in order to increase adequate orientation and PCK for PD.
The professional developers might need to:
• Continually be aware and develop content knowledge, pedagogical
knowledge, and PCK in order to effectively transform knowledge to teachers.
• Enhance understanding about PD strategies and assessment methods in order
to help teachers understand how their existing beliefs and habits of practice
influence to their interpretation of new ideas and practices.
• Develop understanding of the specifications of the 5E model that aims for
teachers change their ways of teaching to a more effective way.
In order to meet the needs sated above, professional developers need to participate
in PD that helps them to develop orientations for science teaching and for PD toward an
inquiry orientation and also to develop PCK for PD. In this case, it is important for IPST
to provide supports for professional developers’ learning. First of all, according to the
Dynamic of PD cycle (as shown in Figure 20), we learn that orientation and PCK for PD
are critical for PD design and implementation, which eventually influence teachers’
learning. It is important that IPST to be aware that the orientation and PCK of the
professional developers deviated from the Science Education Standards. IPST should pay
attention on providing learning opportunities for the professional developers to help them
alter their PCK toward the reform minded ways. To meet this goal, IPST must ask
professional developers to include follow-up opportunities for teachers in their PD plan.
With the follow-up opportunity, professional developers can observe teachers’ teaching
in the classrooms, interact with teachers, and provide feedback to them. This will allow
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the professional developers to develop reflective thinking about their knowledge,
orientation, and PCK for PD and their relationships to PD and classroom implementation.
IPST also should provide other learning opportunities for the professional developers,
such as organizing seminars or colloquium sessions among the professional developers
and also experts in science education. Based on my epistemological assumption that
learning occurs through negotiation among persons, I believe that talking among experts
and other professional developers will help the individual professional developer develop
their knowledge and PCK for PD.
Second, IPST should encourage the professional developers to get involved in
research experiences, including reading research articles, participating in research
conference, or conducting research. These research experiences will provide
opportunities for the professional developers to gradually develop worldwide knowledge
about PD and teachers’ learning.
Third, although knowledge and awareness of primary science teaching can be
developed through the negotiation with experts, I believe that having real experience of
teaching at primary levels is one of many ways that help the professional developers
develop awareness about science teaching. Thus, IPST should provide opportunities for
professional developers who do not have classroom teaching experience to teach in the
classrooms. In addition to developing teachers’ content knowledge, the Taxonomy of
Teaching and Learning Model by Loucks-Horsley et al (2000) shows that professional
developers need to help teachers to understand the teaching of science and it complexity.
This goal for PD is difficult to be met if the professional developers do not have
experiences in and understanding or awareness about classroom teaching.
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Fourth, IPST should ask experienced professional developers who have strong
knowledge and PCK to train beginning professional developers. Because each of them
has different levels of experience and background in teaching, the experienced
professional developers should serve a role as supervisors for these novices. For example,
rather than letting the beginning professional developers design and implement PD on
their own, the experienced professional developers should work closely with the novices
in order to provide suggestions and challenge them in depth thinking about their plans
and implementations. The experienced professional developers should observe the
novices’ teaching and provide ongoing feedbacks to them.
Finally, in order to promote and sustain intensive PD for novice and experienced
professional developers, the professional developers, as a team, should set individualized
goals for their teaching in the PD. During the PD implementation, professional
developers should be video taped in their teaching, so that specific feedback could be
provided in relation to these goals. In addition, the video clips of their PD teaching can
provide windows for models of instruction, elicit problems of practice, and raise
awareness of teachers’ thinking and learning in science.
We might need multiple years for the changes of professional developers’
orientations and PCK for PD to occur. Thus, IPST needs to understand the nature of this
process and continually support and help its colleagues throughout this long-term
process.
Limitations
The holistic view of PD allows me to learn that orientations and PCK of
professional developers are critical to PD. However, this research has several limitations.
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First, the study could not provide deep information about how much knowledge and PCK
the teachers learned from the PD. If I had more times in doing this research, I would
spend more time on looking at teacher participants’ knowledge and teaching practice
before they came to the PD and following up after the PD.
I learned about the card sort strategy and my specific process from doing this
study. Based upon my experiences, the card sort activity would be richer if I would
revise the card sort scenarios and also add more scenarios for the professional developers
and teachers to reflect upon. I believe that having participants read and reflect on the
scenarios as much as possible will allow me to have more evidence in developing
understanding about their orientations, PCK, and the connections among the PCK
components.
Recommendations for Future Research
The goals of this study were to understand the knowledge, orientations, and
practices of professional developers and professional development teachers. However,
this study was conducted in the context of Thailand where the research on PD and
professional developers is remarkably limited. I believe that we need more research, in
Thailand and other countries, on these areas in order to have ways to improve the quality
of PD that could meet the teachers’ needs. According to this study, I believe that there are
several questions that needed to be answered. These questions include: What do
professional developers learn from the teachers’ teaching and how PD outcomes impact
to their orientations and PCK for PD? What happens in future PD design and
implementation? Do the orientation maps of individual professional developers change?
How and to what degree do professional developers know about PD strategies, activities,
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and representation in order to facilitate teachers’ learning? Is there a root orientation for
each individual participant, which orientation is stronger than others, and how does the
root orientation influence the other orientations? How and in what ways do the PCK
components connect to each other? Or what knowledge of curricula do the participants
have?
Many researchers have studied teachers’ subject matter knowledge and PCK for
teaching science (Grossman, Wilson, & Shulman, 1989; Shulman, 1986; Zeidler, 2002).
Many researchers also studied PD and characteristics of effective PD for decades.
However, we do not see significant changes in teachers’ learning, practice, or students’
learning achievement. These days effective PD seems to be an idealistic vision rather
than a realistic achievement. I think now it is time for researchers to step back to think
about what PCK for PD professional developers should have in order to facilitate
teachers’ learning and teaching. What other orientations for PD do the professional
developers display in common? In addition, I recommend researchers to develop more
research using a holistic methodology in other contexts, such as in different countries,
teachers, and PD structures.
Teaching and learning are a dynamic process. Thus, long-term PD, rather than
short snap-shorts are needed in order to develop teachers’ PCK and support them
throughout the change process. Yet, what and how the PD should look must be grounded
in the research literature as well as the needs and context of the particular PD. Thus,
researchers must continue studying in this area that creates a holistic understanding about
PD, professional developers’ PCK, and teachers’ learning. When these questions are able
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to be solved, we may see the changes in science education in Thailand and around the
world.
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Appendix A
Permission Letter for School Principals
July …, 2006
Dear Principal of …..,

I am doing non-funded dissertation research. The purpose of this research is to develop
understanding of the nature of Thai professional development.
The expected teacher participants in this study will be the staff members in your school.
Thus, I would like to ask for your permission in allowing your staff member to participate
in this study. The benefit from participation in this study is I will share the findings of my
research with the teacher, which will help him or her to reflect about orientations,
practices, and outcomes relate to professional development. This will benefit his or her
science teaching.
The participating teacher will be asked to participate in several research activities: (a)
three individual interviews– the first interview will be held during the PD design process,
the second interview will take place at the end of PD project, and the third interview in
October; (b) direct observation – this will take place during the PD delivery and in your
classroom; and (c) unobtrusive data such as copies of PD lesson plan, curriculum, or
handouts.
All of responses will be kept strictly confidential. Only my advisor, my committee
members, and I will see completed interview transcripts and only I will know
participants’ name. If the participants agree to let me tape the interview and video tape
their teaching, the audio and video tapes will be kept on file for three years. No results
will be reported in a manner that would allow a reader to associate any responses to
individual respondents. Participating in this study will not subject participants to risks
greater than those normally encountered in everyday life.

Please understand that the participation is voluntary, the participants’ refusal to
participate will involve no penalty or loss of benefits to which you are otherwise entitled,
and they may discontinue your participation at any time without penalty or loss of
benefits. Also, they do not have to answer any questions that may be asked.
If you should have any questions or concerns about this research project, please feel free
to contact investigator.
Kusalin Musikul
301O Townsend Hall
University of Missouri – Columbia
Columbia, MO 65211

or
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237/1 Ramindha 61
Tha Rang, Bangkhen
Bangkok 10230
Phone (06) 617-1969

E-mail km497@mizzou.edu
Phone (573) 884-5370
For additional information regarding human participation in research, please feel free to
contact the UMC Campus Institutional Review Board.
Campus IRB Compliance Office
483 McReynolds Hall
Columbia, MO 65211
(573) 882-9585.
You also may email the Campus IRB Compliance Office at
umcresearchcirb@missouri.edu.
Regards,
Sandra Abell, PhD
Professor

Kusalin Musikul
Doctoral Candidate - Curriculum & Instruction
303 Townsend Hall
University of Missouri
Columbia, MO 65203
Email: km497@mizzou.edu

303 Townsend Hall
University of Missouri
Columbia, MO 65203
Email: AbellS@missouri.edu

If you are willing to allow your staff to participate in this project, please please sign, date,
and return this permission letter to the investigator.
I, _________________________________, agree to participate in this research study.
(Print your name here)
___________________________________
(Sign your name here)

_______________
(Date)

___________________________________
(Investigator’s signature)

_______________
(Date)
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Appendix B
Written Consent Form for Teachers
July…, 2006
Dear Participating Teacher,
I am doing non-funded dissertation research. The purpose of this research is to develop
understanding of the nature of Thai professional development.
If you decide that you want to be part of this research, you will be asked to participate in
several research activities: (a) three individual interviews– the first interview will be held
during the PD design process, the second interview will take place at the end of PD
project , and the third interview in October; (b) direct observation – this will take place
during the PD delivery and in your classroom; and (c) unobtrusive data such as copies of
PD lesson plan, curriculum, or handouts.
All of your responses will be kept strictly confidential. Only my advisor, my committee
members, and I will see completed interview transcripts and only I will know your name.
If you agree to let the investigator tape the interview and video tape your teaching, the
audio and video tapes will be kept on file for three years. No results will be reported in a
manner that would allow a reader to associate any responses to individual respondents.
Participating in this study will not subject you to risks greater than those normally
encountered in everyday life.
Please understand that your participation is voluntary, your refusal to participate will
involve no penalty or loss of benefits to which you are otherwise entitled, and you may
discontinue your participation at any time without penalty or loss of benefits. Also, you
do not have to answer any questions that may be asked.
If you should have any questions or concerns about this research project, please feel free
to contact investigator
Kusalin Musikul
237/1 Ramindha 61
301O Townsend Hall
Tha Rang, Bangkhen
University of Missouri – Columbia
or
Bangkok 10230
Columbia, MO 65211
E-mail km497@mizzou.edu
Phone (06) 617-1969
Phone (573) 884-5370
For additional information regarding human participation in research, please feel free to
contact the UMC Campus Institutional Review Board.
Campus IRB Compliance Office
483 McReynolds Hall
Columbia, MO 65211
(573) 882-9585.
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You also may email the Campus IRB Compliance Office at
umcresearchcirb@missouri.edu.
If you are willing to participate in this project, please complete the consent form below.
Regards,
Sandra Abell, PhD
Professor

Kusalin Musikul
Doctoral Candidate - Curriculum & Instruction
303 Townsend Hall
University of Missouri
Columbia, MO 65211
Email: km497@mizzou.edu

303 Townsend Hall
University of Missouri
Columbia, MO 65211
Email: AbellS@missouri.edu

Consent Form
I, ________________________________ agree to participate in the research project
conducted by Kusalin Musikul, a doctoral candidate in the College of Education,
Department of Learning, Teaching, & Curriculum at the University of Missouri –
Columbia.
I understand that:
•

My participation is voluntary and that I must be 18 years of age to participate.

•

My identity will be kept confidential.

•

I will not need to provide personal background information other than past
teaching experiences.

•

I understand that all interviews will be audio and video-taped.

I have read the letter above and am aware that I may contact Kusalin Musikul
with any questions or concerns.
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I consent to the use of research data as described above and understand that I am
free to withdraw consent and to discontinue participation in the study at any time.

_______________________________
Participant’s Signature

____________________
Date

_______________________________
Participant’s Name
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Appendix C
Permission Letter for IPST
July …, 2006
Dear President of the Institute for the Promotion of Teaching Science and Technology,

I am doing non-funded dissertation research. The purpose of this research is to develop
understanding of the nature of Thai professional development.
The expected professional developer participants in this study will be the staff members
in the Primary Science Department, IPST. Thus, I would like to ask for your permission
in allowing your staff members to participate in this study. The benefit from participation
in this study is I will share the findings of my research with IPST and staff members at
Department of Primary Science, which will help them to reflect about their orientations,
practices, and outcomes related to professional development. This will benefit them and
IPST as a whole for future professional development.
The professional developer participants will be asked to participate in several research
activities: (a) two individual interviews– the first interview will be held during the PD
design process and the second interview will take place at the end of PD project; (b)
direct observation – this will take place during the PD delivery; (c) card-sorting task –
this will take place at the same time with the first interview; and (d) unobtrusive data
such as copies of PD lesson plan, documents, or descriptions of PD tools.
All of responses will be kept strictly confidential. Only my advisor, my committee
members, and I will see completed interview transcripts and only I will know
participants’ name. If the participants agree to let me tape the interview and video tape
their teaching, the audio and video tapes will be kept on file for three years. No results
will be reported in a manner that would allow a reader to associate any responses to
individual respondents. Participating in this study will not subject participants to risks
greater than those normally encountered in everyday life.

Please understand that the participation is voluntary, the participants’ refusal to
participate will involve no penalty or loss of benefits to which you are otherwise entitled,
and they may discontinue your participation at any time without penalty or loss of
benefits. Also, they do not have to answer any questions that may be asked.
If you should have any questions or concerns about this research project, please feel free
to contact investigator.
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Kusalin Musikul
301O Townsend Hall
University of Missouri – Columbia
Columbia, MO 65211
E-mail km497@mizzou.edu
Phone (573) 884-5370

237/1 Ramindha 61
Tha Rang, Bangkhen
Bangkok 10230

or

Phone (06) 617-1969

For additional information regarding human participation in research, please feel free to
contact the UMC Campus Institutional Review Board.
Campus IRB Compliance Office
483 McReynolds Hall
Columbia, MO 65211
(573) 882-9585.
You also may email the Campus IRB Compliance Office at
umcresearchcirb@missouri.edu.
Regards,
Sandra Abell, PhD
Professor

Kusalin Musikul
Doctoral Candidate - Curriculum & Instruction
303 Townsend Hall
University of Missouri
Columbia, MO 65203
Email: km497@mizzou.edu

303 Townsend Hall
University of Missouri
Columbia, MO 65203
Email: AbellS@missouri.edu

If you are willing to allow your staff to participate in this project, please sign, date, and
return this permission letter to the investigator.
I, _________________________________, agree to participate in this research study.
(Print your name here)
___________________________________
(Sign your name here)

_______________
(Date)

___________________________________
(Investigator’s signature)

_______________
(Date)
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Appendix D
Written Consent Form for Professional Developers
July …, 2006
Dear Professional Developer,
I am doing non-funded dissertation research. The purpose of this research is to develop
understanding of the nature of Thai professional development.
If you decide that you want to be part of this research, you will be asked to participate in
several research activities: (a) three individual interviews– the first interview will be held
during the PD design process, the second interview will take place at the end of PD
project , and the third interview in October; (b) direct observation – this will take place
during the PD delivery and in your classroom; and (c) unobtrusive data such as copies of
PD lesson plan, curriculum, or handouts. I will also ask for your permission for audio
taping your interview and video taping your implementation.
All of your responses will be kept strictly confidential. Only my advisor, my committee
members, and I will see completed interview transcripts and only I will know your name.
If you agree to let the investigator tape the interview and video tape your teaching, the
audio and video tapes will be kept on file for three years. No results will be reported in a
manner that would allow a reader to associate any responses to individual respondents.
Participating in this study will not subject you to risks greater than those normally
encountered in everyday life.
Please understand that your participation is voluntary, your refusal to participate will
involve no penalty or loss of benefits to which you are otherwise entitled, and you may
discontinue your participation at any time without penalty or loss of benefits. Also, you
do not have to answer any questions that may be asked.
If you should have any questions or concerns about this research project, please feel free
to contact investigator
Kusalin Musikul
237/1 Ramindha 61
301O Townsend Hall
Tha Rang, Bangkhen
University of Missouri – Columbia
or
Bangkok 10230
Columbia, MO 65211
E-mail km497@mizzou.edu
Phone (06) 617-1969
Phone (573) 884-5370
For additional information regarding human participation in research, please feel free to
contact the UMC Campus Institutional Review Board.
Campus IRB Compliance Office
483 McReynolds Hall
Columbia, MO 65211
(573) 882-9585.
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You also may email the Campus IRB Compliance Office at
umcresearchcirb@missouri.edu.
If you are willing to participate in this project, please complete the consent form below.
Regards,

Sandra Abell, PhD
Professor

Kusalin Musikul
Doctoral Candidate - Curriculum & Instruction
303 Townsend Hall
University of Missouri
Columbia, MO 65211
Email: km497@mizzou.edu

303 Townsend Hall
University of Missouri
Columbia, MO 65211
Email: AbellS@missouri.edu

Consent Form
I, ________________________________ agree to participate in the research project
conducted by Kusalin Musikul, a doctoral candidate in the College of Education,
Department of Learning, Teaching, & Curriculum at the University of Missouri –
Columbia.
I understand that:
•

My participation is voluntary and that I must be 18 years of age to participate.

•

My identity will be kept confidential.

•

I will not need to provide personal background information other than past
teaching experiences.

•

I understand that all interviews will be audio and all observations will be
video-taped.

I have read the letter above and am aware that I may contact Kusalin Musikul
with any questions or concerns.
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I consent to the use of research data as described above and understand that I am
free to withdraw consent and to discontinue participation in the study at any time.

_______________________________
Participant’s Signature

____________________
Date

_______________________________
Participant’s Name
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Appendix E
Professional Developers’ Interview Protocols
Representative Sample of Individual Professional Developer Interview Protocols
First Semi-Structured Interview Protocol: During the PD design process
1. What are your goals of PD for teachers and for their students?
2. What benefits the teachers will have from participation in PD?
3. Why teachers need to have PD? What is essential of PD?
4. What difficulties do you think teachers have in learning heat conduction?
5. How do you help teachers to overcome those difficulties?
6. What difficulties do you think teachers have in teaching this topic?
7. What prerequisite knowledge do teachers need to know in order to teach this
topic?
8. How do you plan to help teachers develop that knowledge?
9. What PD strategies do you plan to use to teach this topic?
10. Why do you think these strategies can help teachers learn?
11. How is this curriculum different to the others?
12. Have you taught this topic before?
13. What are the goals of this curriculum for teachers? And for students?
14. Why do you settle on the target number of 200 participants?
15. Why a 3-day workshop with 8 sessions? What was the rationale for the format of
the workshop?
16. What do you think teacher’s need to be able to teach the new curriculum?
17. To what degree your prior knowledge about teaching and learning impact the PD
design process?
18. What PD strategies have you tried in the past and how successful were they?
19. How do you know when the teachers learn?
20. What PD strategies do you plan to use in this PD project? Why?
21. What do you do in terms of assessing teachers’ learning? Why do you decide to
use this strategy? or why do you not plan for assessment?
Second Semi-Structured Interview Protocol: After PD project
1. What difficulties do you have when you teach this unit?
2. How do you know teachers learn this unit?
3. What parts of this unit are difficult for teachers to learn?
4. What do you think you learn from teaching this unit in terms of teacher learning
difficulties?
5. If you have to teach this unit again, how do you plan to solve this problem?
6. What do you think you learn from teaching this unit in terms of PD curriculum?
7. If you have to teach this unit again, will you redesign the curriculum? Why or
why not?
8. What do you think you learn from teaching this unit in terms of the strategies you
used in the project?
9. If you have to teach this unit again, will you use the alternative PD strategies?
Why or why not?
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10. In terms of PD activities, how do think these activities helps teachers learn?
11. If you have to teach this unit again, are you going to use the same PD activities?
Why?
12. What do you think you learn from teaching this unit in terms of teacher learning
assessment?
13. If you have to run this PD project again, what else do you plan to change? Why?
14. How do you conceptualize this PD project? How is it similar or different than the
previous projects?
15. How do you plan to support teachers in a long run?
16. How do you satisfy with this PD project?
Focus Group Interview Protocol
1. What do you expect to see in these clips?
2. What did you see that you think shows fidelity to your PD instruction?
3. What expected teaching practices did you not see from the clips?
4. How do you feel about their implementations?
5. Having seen these teachers’ classroom, what do you think about the PD you
offered? Do you plan to make any changes in the future? Why or why not?
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Appendix F
Teachers’ Interview Protocols
Representative Sample of Individual Teacher Interview Protocols
First Semi-Structured Interview Protocol: Used to explore teachers' knowledge of science
curricula, of students, of assessment of science literacy, and of instructional strategies
1. What are your experiences with learning science both in and out of school?
2. Describe the most positive experiences that you had with learning science. What
makes them the most positive ones?
3. What is your favorite science topic to teach? Why?
4. What do you think are the reasons for studying science at the elementary school?
5. What are the goals for your students to learn about heat conduction? Why it is
important for students to know?
6. What are the goals for your students to learn about dissolution? Why it is
important for students to know?
7. What are the goals for your students to learn about sound? Why it is important for
students to know?
8. What are the goals for your students to learn about electricity? Why it is important
for students to know?
9. What learning difficulties do you think students have in heat conduction?
10. How will you help students to learn about this topic?
11. What activities that you think will help students understand about heat
conduction? Why do you decide to use those activities?
12. What learning difficulties do you think students have in dissolution?
13. How will you help students to learn about this topic?
14. What activities that you think will help students understand about dissolution?
Why do you decide to use those activities?
15. What learning difficulties do you think students have in sound?
16. How will you help students to learn about this topic?
17. What activities that you think will help students understand about sound? Why do
you decide to use those activities?
18. What learning difficulties do you think students have in electricity?
19. How will you help students to learn about this topic?
20. What activities that you think will help students understand about electricity?
Why do you decide to use those activities?
21. How this reformed-curriculum different to the previous one? What are the goals
of this curriculum?
22. What parts of curriculum do you teach? Not teach? Why?
Second Semi-Structured Interview Protocol: Will use when teacher plan to teach a unit
(before teaching)
1. Why do you think it is important for students to learn heat conduction?
2. What goals do you have for your students in this unit?
3. What do you intend the students to learn about heat conduction? What else in this
topic that you think your students should not learn yet? Why?
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4.
5.
6.
7.
8.

What difficulties are you expecting connected with teaching heat conduction?
What learning difficulties do you think students have in heat conduction?
What misconceptions do your expect your students to have?
How many days do you plan to teach this unit? Why x-day class?
How will you organize the instruction (teaching procedures)? What teaching
strategies you are going to use?
9. Why do you think these strategies can help students learn?
10. What activities do you plan to use with your students?
11. Why do you think these activities will help students learn this topic?
12. How will you assess your students’ understandings?
13. Why do you decide to use these assessment strategies?
14. Are there other ways that you might use to assess your students?
15. How you know your students learn this topic?
16. In what ways the experiences you have gain from this PD will influence your
current teaching science?

Semi-structured interview protocol: After teaching
1. Do you think the unit is successful? Why?
2. What are the strengths of your teaching this unit?
3. What parts of this unit are difficult for students to learn?
4. If you have to teach this unit again, are you going to use the same instructional
strategies? Why?
5. If you have to teach this unit again, are you going to use the same activities?
Why?
6. What do you think that students learn from this unit? How do you know that?
7. What difficulties do you have when you teach this unit?
8. What do you think you learn from teaching this unit?
9. What can you tell me about the changes to your teaching compared to your
teaching before participated PD? In what degrees your teaching has change?

378

Appendix G
Sample of Activity Manual in the PD Handbook

Activity 20: How does pitch occur?

Key Concept

Learners’ Expected Outcomes

Activity Time Duration

Activity Directions

Materials

Preparation Prior Teaching
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Activity Directions
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Example of Observation Sheet

Table shows Observation Results

Answers of Activity Questions
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Content Knowledge for Students
Evaluation

Content Knowledge
for Teachers

Integration with other
Science Areas

Suggestions for Teachers
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Appendix H
Sample of Content in Misconception Book

What are differences between suspended, solution,
and colloid substances

Explanation of
suspended substance

Explanation of
solution substance

Explanation of
colloid substance
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