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This naturalistic research examines the possilaliy potential of using
collaborative action research (CAR) as an alteveapproach to science teacher
development in the context of Thailand. It invohaegroup of physics teachers and a
researcher working and learning together to imtattions in order to improve teaching
practice in response to Thailand’s education reforovement. The research consists of
two consecutive phases. In the first phase, theareber aims to understand teaching
practice of the teachers and develop researcharsdaips with them. In the second
phase, CAR was initiated and examined in termsuf it can promote the teachers’
learning. A variety of data collection methods wased, including teacher interviews,
classroom observations, group discussions, antlextton of materials. The constant
comparative method was used for data analysis.

Results of the first phase indicate that teachnagtjre of the teachers was close
to what is commonly referred to as traditional pcac They employed content-driven
instruction and emphasized numerical physics prolgelving, aiming to help the
students to master test taking skills in ordettiem to enroll in desirable universities.
They were very effective in classroom discussionghich students’ idea contributions
were limited, and also favored the use of behastistrategies for classroom control.
Moreover, they exhibited some limitations in contemowledge including the nature of
science. Based on interpretations of the teachergeptions of teaching that are
somehow consistent with their prior school expexgiit is argued that teaching practice
of the teachers was a result of their attempt®impromising those conceptions of
teaching with perceived contextual conditions.

Results of the second phase indicate that theg¢es.chme to engage in CAR with
a number of concerns related to their teachingtipgg@lthough concerns with self were
less likely to be made explicit. Initially, the tdeers might accept an instructional idea
introduced to improve their teaching practice. Hegvethey denied the idea later when
they perceived that it did not meet their conceltngas evident during the research that
CAR must be adjusted to meet real concerns okthehers, so that they can purposefully
engage in CAR as they saw it relevant to themAlRQvere to capture their concerns, the
teachers would learn meaningfully to improve tieaching practice.

The research demonstrates that CAR can be usedrtmfe teacher learning in
response to Thailand’'s education reform movememisTpromotion of its use should
be done in other contexts. However, more systemediglts of teacher learning
experiences, in addition to anecdotal, from susthi@AR are needed.
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CHAPTER|

INTRODUCTION

This chapter provides an introduction to the rededt begins with a
background of the research, which is framed withiremphasis of Thailand’s
national development policy and its consequencectence education reform efforts.
Then, the chapter discusses challenges experidryc€dai science teachers in
responding to the national science education refsmwell as drawbacks of current
teacher development approaches. Next, the chaplieedtes research questions and
methods aimed to examine possibility and potewofialsing collaborative action
research as an alternative approach to scienclketedevelopment in the research
setting. At the end of the chapter, significancéhefresearch is highlighted before a

prompt of its limitations.

Background of the Research

Thailand experienced an economic crisis in 1998 esnsequence of its
imbalanced development within which the econompeaswas developed rapidly
while the social and educational ones were ignfiradd, 2000; Pitiyanuwat and
Sujiva, 2000; Fry, 2002; Sathirathai and Piboolata2004). A corollary after the
economic crisis is serious reconsideration of waygevelop the country in a more
gradual and holistic manner by emphasizing humaeldpment as a vital aspect
(National Economic and Social Development Board $0B], 2001, 2007). During
that period, one explicit action at the policy lewas begun, resulting in the
promulgation of the National Education Act (Offickthe National Education
Commission [ONEC], 1999), which now serves as #nat framework of the

education reform.

Along with the increasing awareness of human agraknt, knowledge in

science and technology was recognized as necdssagcovering the country from



the economic crisis and further continuing develept{(NESDB, 2001, 2007). With
this regard, human resources in science and teagyobn support the country to
become self-reliant and be able to withstand tgéliticompetitive global market
(ONEC, 2002b). Hence, it is crucial for the courttnyeducate its citizenry to acquire
scientific and technological knowledge and be ablese it for management,
conservation, and the utilization of natural resesrand environment in a balanced
and sustainable manner (ONEC, 1999). In additiom citizenry should be able to
engage socially in making informed decisions oersoe- and technology-related

issues (Yuenyong and Narjaikaew, 2009).

As framed within the national education framewddNEC, 1999) in general
as well as the vision of “scientific literacy fai’gThe Institute for Promotion of
Teaching Science and Technology [IPST], 2002: Pjarticular, science education
reform in Thailand has come to the forefront witthmain focus to change the way of
educating students from a didactic mode, whichexasted traditionally, to a new one
of active and meaningful learning by students (ONE@4). By regarding students
as ones who are “capable of learning and self-dgwveént” (ONEC, 1999: 10),
science teachers have to facilitate a process lighvdach of them makes sense of
natural phenomena in order to acquire related 8iccooncepts along with desirable
skills and attitudes. Indeed, science teachers tteeonceptualize knowledge as
“actively constructed by and not given to” the gtnt$ (Pillay, 2002: 14) or, in other

words, to possess a constructivist epistemology¢Bla and Faikhamta, 2008).

Besides, instead of following nationally prescdlmirriculum and teaching
manuals, science teachers need to organize swojetent and “make it simple and
enjoyable for children to learn” (Pillay, 2002: 1%his process of content
transformation is guided by the National ScienceriCulum Standards (IPST, 2002),
but varies to school contexts in order to ensuaé loth national and local needs are
fulfilled. Therefore, in doing so, science teachaith other school colleagues and
community members have to make decisions on whthhaw particular science
content should be taught in which grade. In additmconstructivist epistemology,
this radically new task requires various knowledgeains (Magnusson, Krajcik, and



Borko, 1999) as well as changes in attitude (AtaQ02) for science teachers to be

selective, creative, and autonomous in planningiaupdementing instruction.

Since facilitating a process of knowledge constancby individual students
is an extremely complex task, by its nature depemndin a number of factors (e.g.,
student, content, and context), science teacherexgected to use authentic
assessment and carry out research to monitor guastaldeir teaching practices to
achieve intended instruction on a regular basisEONL999). Using student learning
as feedback, classroom-based research could prihedecritical insights in order to
cope with unique problems associated with instamcéind from which to pursue
particular interests for professional developmélittimately, students will benefit

from this kind of activity.

General Problem Areas

Once the education reform policy (ONEC, 1999) \ea&timated, large-scale
efforts to promote its implementation at the scHewkl were begun under the label of
“student-centered” instruction or the like (Pill2p02; ONEC, 2004). However, it has
been apparent in general that Thai teachers, aibveg stakeholders, encounter
difficulties interpreting what the policy proposésallinger and Kantamara (2001:

401-402) described one well-known example as fatow

... during the first year of implementirgiudent-centered learning ... the
English term was translated into Thai as the edgintaof|earning where the
student is the center-middle (of the classroom). This translation caused much
confusion about whatudent-centered learning was and what it should be in
Thai culture. ... After much controversy and discassiationally, the official
terminology was changed to the equivaleniieafning where the student is

important. (Italic in original)

Despite such a terminological change, the diffieglunderstanding and

appreciating what the student-centered instrughieans by in order to be
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implemented in the classroom continues to existragidai teachers. Atagi (2002:

51) noted one another example as follows:

The “learner-centered approach” ... is often singladmdly
misinterpreted as adopting a set of teaching desoeh as field trips, group
learning, discussions, and report writing ... (indted a principle in which

the importance is given to learners. (Quote ininah

It should be stated here that “even within thees&wusehold, the language of
a teacher and the language of a professor of adnagaiy have little common
ground” (Eisner, 1988: 19). Thus, such a supelfioi@rpretation of the education
reform intentions by many Thai teachers as merefjnging instructional methods to
be more activity-based may not be surprising. In, plais could involve teacher
development in Thailand that relies mainly on atthtve top-down approaches
aiming to introduce particular (mostly abstractjions of reform-based practice to
teachers without effective two-way communicationy(R002; Pillay, 2002). As a
conseqguence, many science teachers lack an angestending of student-centered
instruction (i.e., constructivist epistemology)cbeme suspicious of its effectiveness,

and hesitate to change instruction (Dahsah anchiaika, 2008).

Until recently, the gap between the education rafpolicy (derived from
research-based recommendations) and its implenmmiatscience classrooms is
still large. In other words, teaching of scienceanious Thai contexts relies heavily
on didactic instruction with little, if any, chang®wvards constructivist practice
(Pongsophon and Roadrangka, 2004; Ratanaroutaftaakom, 2006; Ladachart and
Roadrangka, 2008; Promprasit, Yutakom, and Jarbair@2008). Moreover, many
science teachers themselves are limited in cokteaswledge (Chamrat and Yutakom,
2008; Jantaraprasert, Roadrangka, and Noomhorn8) 20@ struggle with
interpreting the national science curriculum stadddo plan and implement
instruction effectively (Dahsah and Faikhamta, 2008is could result in student
learning of science still being far from expectat{®imthong and Yutakom, 2005;
Ratanaroutai, Theeragool, and Yutakom, 2006; NaighAnuntasethakul, and



Yutakom, 2007). In their recent review of sciendea@tion reform progress, Dahsah
and Faikhamta (2008: 298) reflected that “it walké a long time for teachers to shift
their understanding and teaching practice towantstecuctivist-based views of
teaching and learning.”

Little progress of reforming science educatiothatschool level calls for
serious attention to current approaches to sciezamher development. It is quite
clear that presenting an abstract notion aboutmefeased instruction to science
teachers and expecting them to implement it ircthesroom as traditionally
conducted is not enough (Goldenberg and Gallin®81). Indeed, initiating reform-
based practice involves not only individual teastetempting to change instruction
but also the broader cultural educational circumsan which they work (Tobin and
McRobbie, 1996). Therefore, on part of the teagheialectical process of
reconciliation among personal beliefs about teaghiecommended instructional
change, and perceived contextual influences iméiatéo such an initiative (Briscoe,
1993). Although it is the responsibility for policyakers as well as educational

academics to engage with teachers in that procaggnt effort seems to be adverse.

... While the (National) Education Act suggests that MOE (Ministry of
Education) should adopt a more supervisory anddioating role, there is still
a mindset of control amongst many of the stafihef MOE (who) place
emphasis on the inspection of teachers’ work .. MIQE staff will need
training about this new mindset of supporting rathepecting teachers.
(Pillay, 2002: 24)

With such a new mindset, it is also crucial fae #ducational
academics/researchers to situate themselves imléclassroom contexts—working
closer and longer with teachers to support araitivie of desirable instructional
change. A turn to collaborative partnerships betwaath traditionally separate
groups may help reduce the gap between the ednaafiorm policy and its
implementation or, at least, provide a better usideding of its existence. Ideally, in
this new form of discourse, “these two groups afipgants can learn new ways of



thinking about their practices and ... c(o)me awathwiew insights about teaching
and learning” (Putnum and Borko, 2000: 9). Thigitnsonal collaboration will
ultimately lead to the building of professionalrig@ag communities as demanded in
an era of the education reform (Darling-Hammond lictlaughlin, 1995).

Research Questions and Methods

This research examines the possibility and pakatiusing collaborative
action research (e.g., Baird, Mitchell, and Nosldj 1987; Feldman, 1996) as an
alternative approach to science teacher developmenparticular context of
Thailand. It involves a group of physics teacherd the researcher working together
to initiate possible actions in order to improvadieing practices as guided by the
national science education reform policy (ONEC,292ST, 2002). In doing so, the
teachers and the researcher engage reflectivelg@taboratively to reconcile
personal and contextual factors with the policydgmice in order to share, consider,
and decide appropriate actions of improvement. tigind‘a process of shared
reflection on theory and practice” (Baietlal., 1987: 136), it is likely that the
researcher can facilitate the teachers to adjest ithstruction towards constructivist

perspectives and, in turn, get critical feedbaoknfthem.

In working with the teachers in a collaborativeaigrse, it is very important
for the researcher to more or less understand ¢heient teaching practices from
their perspectives so he can sympathize a progestilch the teachers harmonize (or
fail to harmonize) their personal beliefs abouesce teaching with initiated
instructional change under the given context. R purpose, thus, the research is
divided into two consecutive phases. The first ismdevoted to understanding current
teaching practices of each teacher while the seoardnvolves a developmental
process of their engaging and learning in collatbegaaction research. As a

consequence, the two research questions are gethasafollows:



1. How do the physics teachers conduct teachiagtipes in their given
context?
2. How do the physics teachers engage in colldiveraction research and

learn to improve their teaching practices in regeoio the education reform?

To address the research questions, naturalistigrinl-incoln and Guba,
1985) is used as a research methodology to cajleddttative data through a variety
of methods including teacher interview, classrodisanvation, group discussion, and
a collection of materials with minimized attempt@nipulate the research setting. In
the first phase, the researcher begins to achas-garticipant observer in order to
avoid his disturbance on teaching practices ot¢hehers; nevertheless, he gradually
becomes more involved and develops a closer rakdtip with the teachers through
interviews and informal conversation. Until the ed phase at which collaborative
action research is initiated, the researcher ersgmgé with the teachers as a
facilitating member and as a participant obsergangian emergent design to collect
and analyze data in an ongoing, reciprocal mannerena informs the other and vice
versa—to generate working hypotheses. Through pgald engagement and rapport,
the researcher has access to credible data frotedbbers. A number of techniques
including peer debriefing, triangulation, and memtigecks are also used to ensure

the creditability of the research results.

Significance of the Research

As outlined earlier, teacher development activitnetined to long-term
collaboration between school teachers and uniyegsiticators are quite new and rare
in Thailand, particularly in local areas far awagyr universities. This is relatively
opposed to an international trend that such coiktbee partnerships have been
established and sustained for ongoing learningdbly teachers and educators (e.qg.,
Ericksonet al., 2005; Mitchell and Mitchell, 2008; Ryaanal., 2009). It is likely that
the lack of collaboration in Thailand may in pamit or even prevent the progress of
the national education reform. Hence, a momentusuoh long-term collaborative

research is needed. Here, a small-scale collalerattion research among a group of



physics teachers and the researcher is establsttedxamined. With its collaborative

orientation, the research has significance in tomains.

First, the research entails insight into a procéssforming science education
at the school/classroom level. In very general giitrprovides understandings of
current teaching practices of the participant teeslas well as challenges they
perceive in responding to the national science a&tut reform policy. More
specifically, within a collaborative discourse, tlesearch describes a process by
which the teachers each attempt to harmonize té&ohing practices with
constructivist instruction in their existing circgtance. These profound
understandings are significant in terms that thayeto further the national science
education reform efforts, especially on the scigeeeher development process, both

in the context of research and elsewhere.

Second, it entails insight into the use of collabee action research for
teacher professional development in a particulateod of Thailand. Although this
notion is not new and widely documented in inteorat! literature (Roth, 2007), it
“was never considered or encouraged” (Pillay, 2@X&):in Thailand until a few
recent efforts (e.g., Soonthornrojana, 2005; Naphhatng, 2009) whose attentions
were paid to a summative assessment of teacherl&dgevabout and attitude toward
action research as well as the quality of thelfreports. Here, a developmental
process by which the participant teachers anddbearcher engage in and learn
through collaborative action research is more fedusnd documented. This
information can serve those interested in init@gtncollaborative research project in

other Thai contexts.

Limitations of the Research

This research focuses on a developmental progessich a group of physics
teachers and the researcher engage in and leatgthcollaborative action research
in the particular context of Thailand. Despite rgaition that teacher development
research should not only pay attention to teadw®mning but also subsequent student



learning—i.e., the ultimate outcome (Hewson, 20@} research is limited at the
level of teacher learning only because of its doratindeed, it is unlikely to claim a
significant outcome in student learning within aef the research. Furthermore,
based on its quality of naturalistic inquiry (Line@and Guba, 1985) as well as the
uniqueness of action research processes (Somekbhedetther, 2009), the research is
limited in terms of “transferability” of its resslto other contexts. Readers have to

determine the relevance of the research resuttsin own contexts.

Organization of the Dissertation

This dissertation is divided into six chaptersisithapter, Chapter I, has
provided an introduction to the research, whichudes background of the research,
general problem areas, research questions and dsetsignificance of the research,
and limitations of the research. In what follow$apter Il is a review of the literature
about Thailand's national development, the educagtorm and its related
requirements, the educational system and curricaiatent in basic education,
teacher development in Thailand, characteristicsffettive science teacher
development, and action research. Chapter Il ve®research methodology as well
as collaborative action research as used in tlty.siinen, the research results are
presented in Chapter IV and Chapter V accordinpeéaesearch questions

respectively. Finally, Chapter VI offers conclusscand recommendations.



CHAPTER Il

LITERATURE REVIEW

This chapter offers a review of the literature tatbto the study. It starts by
highlighting the emphasis on human developmentiailand’s national development
plans as the original framework of the study. Thbe,education reform and some of
its related requirements are discusgedoverview of the educational system and
curricular content is outlined for a contextual kground. Next, the chapter turns to
the focus of the study by discussing the importasfdeacher development to the
education reform, working approaches to teacheeldement, and appeals for an
alternative approach in Thailand. In response eaatbpeals, characteristics of
effective teacher development are discussed beftdren research is proposed as a
potential option. The chapter then provides a m@\wéaction research, which
includes its characteristics, its forms, and impaxct teachers engaging in it. At the
end of the chapter, the use of action researcbi@mse education, the conduct of
educational action research in Thailand, and sumggesabout facilitation of teachers’

action research are discussed.

The National Development

The Past National Development

Thailand experienced an economic crisis in 199thoAigh many scholars
have attempted to explain this economic crisisuggsesting its different underlying
causes (Phongpaichit and Baker, 2000), it couldreed that the economic crisis
was a consequence of an imbalanced developmem icountry. Before 1997, the
country had experienced rapid economic developmagiatresult of export-oriented
policy while social and educational developmengkdjbehind (Laird, 2000,
Pitiyanuwat and Sujiva, 2000; Fry, 2002; Sathirattmal Piboolsravut, 2004). As a

consequence, many of Thailand's citizens were regigred enough to deal with or
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withstand the instability of global trend of thecalled modernization and eventually
ended up suffering the disaster of the economgs<ciThis is eloquently expressed by
Laird (2000: 6):

... Thailand was pursuing the global trend of finahtberalization ...
tens of billions of dollars of foreign money flowedo the country ...
But, with hindsight, it became very apparent that Thai business and
financial community lacked the capacity, the mayior the vision to

use it wisely.

The lack of good preparation for Thai people te lin the economically
competitive world also accelerate Thailand’s en¢euwith environmental and social
problems related to a lack of effective use andagament of natural resources.
These problems included a loss of terrestrial tpradustrial pollution, over-
consumption of energy, poverty and inequity of geap the country, and illnesses
resulting from industrial waste pollution (Sathirat and Piboolsravut, 2004). In
addition to these social problems, there was arease in drug use, crimes, suicides,

and depression among Thai people, particularlyintly (Atagi, 2002).

It became clear that the past national developmaritich overemphasized
the economic aspect—was not one to achieve thetrytaigoals. There was a need to
rethink the style of national development that dowshape Thailand and make it
more balanced and sustainable (Laird, 2000; Pitiyet and Sujiva, 2000). Thus,
human development becomes a key theme of the mhtienelopment (NESDB,

2001, 2007), as the following section describes.

Human Development

Instead of emphasizing only economic developmanhan development has
been considered as important for national developtogether with social,
environmental, and political development (NESDBQ202007). Human
development is however regarded as central to matwevelopment—the country is
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developedyy andfor human. The emphasis of human development has been
recognized by national policies in term of eduaati®ection 81 of the 1997
Constitution of the Kingdom of Thailand (OCS, 1990y example, states the

importance of education as follows:

The State shall provide and promote the privatéos¢c
provide education to achieve knowledge alongsideaiity provide
law relating to national education, improve edumain harmony with
economic and social change, create and strengtimml&dge and
instill right awareness with regard to politics amdemocratic regime
of government with the King as Head of the Statppsrt researches in
various sciences, accelerate the development efceiand technology
for national development, develop the teachinggssibn, and promote

local knowledge and national arts and culture.

Besides this statement, other national policies siscthe National Education
Act (ONEC, 1999, 2002a) and the National Educaitan (ONEC, 2002b) have the
aim of promoting education for all Thai people. $&@olicies have led Thailand to

the period of the education reform.

The Education Reform

As a requirement of the 1997 Constitution, theidvetl Education Act B.E.
2542 (ONEC, 1999) and its amendments (ONEC, 20@82& promulgated to serve
as a fundamental educational law of the countris plomulgation was normally
regarded as legislation for the education reforotokding to the Act (ONEC, 1999:
3), a significant goal of the education reformaddad Thailand to be “a nation of
wealth, stability and dignity, capable of competmith others in the age of
globalization.” In doing so, educational provisisrplaced on three principles:
lifelong education for all, all segments of socipgyrticipating in the provision of
education, and continuous development of the baxfiise knowledge and learning

process.
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In the Act, there are many requirements of thecation reform described in

nine chapters, as the following shows:

General Provisions: Objectives and Principles
Educational Rights and Duties

Educational System

National Education Guidelines

Educational Administration and Management
Educational Standards and Quality Assurance
Teachers, Faculty Staff, and Educational Persion

Resources and Investment for Education

© © N o g s~ wDdhPE

Technologies for Education

The chapters emphasize ensuring basic educatiaill féearning reform,
reorganizing educational administration and managegnpenhancing the teaching
profession, mobilizing resources and investmengthrcation, and promoting the use
of technologies for education. However, learninfgma is regarded as the most
important aspect of the education reform (AtagD20NEC, 2004). As a result, this
research considers learning process reform, clariceform, and enhancing the
teaching profession to be the most relevant thanptes student learning of science.

Learning Process Reform

Learning process reform is needed to improvertsguctional process from
its traditional passive mode to the new perspedaifactive and meaningful learning.
In this respect, students are no longer considasddhowledge receivers; rather, they
are regarded as ones who are capable of learnthgedfhdevelopment, and the most
important factor in the instructional process (ONE@99). Therefore, the aim of the
instructional process is to enable students toldpwbemselves at their own pace and
to achieve the best of their potential in all asgpgehysical and mental health;
intellect; knowledge; morality; integrity; and tave a way of life that enables them
to live in harmony with others (ONEC, 1999). Sectit! of the 1999 National
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Education Act provides a set of guidelines thabnemend that educational

institutions should:

1. provide substance and arrange activities mwith the learners’
interests and aptitudes, bearing in mind individiitierences;

2. provide training in thinking process, managetnieow to face
various situations and application of knowledgedbviating and solving
problems;

3. organize activities for learners to draw fromthentic experience;
drill in practical work for complete master; enaldarners to think critically
and acquire the reading habit and continuous tfarstnowledge;

4. achieve, in all subjects, a balanced integnatiosubject matter,
integrity, values, and desirable attributes;

5. enable instructors to create the ambiancer@emwvient, instructional
media, and facilities for learners to learn andlbeound persons, able to
benefit from research as part of the learning meck so doing, both learners
and teachers may learn together from differentsygf@¢eaching-learning
media and other sources of knowledge; and

6. enable individuals to learn at all times andlirplaces. Co-
operation with parents, guardians, and all pad@xerned in the community

shall be sought to develop jointly the learneradnord with their potentiality.

Moreover, it is stated in Section 26 of the Natidéducation Act that learning
assessment should be authentically embedded ingtractional process using a
variety of methods with the aim at helping studéed&sn and achieve their best.
Based on these educational guidelines, learninggssoreform is widely promoted
under the label of student-centered instructioig?i2002; ONEC, 2004), which is
rooted in constructivist perspectives of knowledgquisition (Dahsah and
Faikhamta, 2008).
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Curricular Reform

As a requirement of the education reform, reorgjagieducational
administration and management is placed on a imaf “unity in policy and
diversity in implementation” (ONEC, 1999: 7). Thssneeded to decentralize
educational authority from central organizationsottal ones in order to serve the
diversity in local contexts more relevantly anceetfvely. Curricular content, as an
educational aspect, is thus required to relateth bational and local needs in order
to prepare students to be literate globally andllgcSchools are responsible for
prescribing curricular content related to the nesut$ contexts of their community.
This notion is different from the past, when aklasols implemented the same national

curriculum prescribed by a central organization.

In order to develop a school-based curriculura,@ffice of Basic Education
Commission (OBEC) is responsible for prescribing Basic Education Curriculum
as national curricular guidance for schools (OBE@)1). The national curricular
guidance (also referred to as the national or cargculum) provides a framework of
learning standards and anticipated learning outscaheach educational level (the
educational system is discussed in the next s§cBased on this guidance, the
schools need to develop their own curriculum cdastswith the needs and contexts
of the community in which they are located. Papition between the schools and the

community is necessary for school-based curriculevelopment process.

Enhancing Teaching Profession

According to the 1999 National Education Act, taag is considered as “a
highly respected profession” (ONEC, 1999: 18). Asf@ssionals, teachers have
major responsibilities for facilitating student teang through a variety of
instructional methods with consideration giventiedents’ needs, interests, and
potential. In other words, teachers are expectetb#bd with the diversity of students
and the unigueness of educational contexts to pthe most productive student
learning possible. Thus, it is necessary for teecteedevelop themselves and their
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own teaching practices in an ongoing manner. Txjeetation is stated in Section 30

of the 1999 National Education Act as follows:

Educational institutions shall develop effectivarl@ng
processes. In so doing, they shall also encouregrictors to carry
out research for developing suitable learning éarhers at different

levels of education.

In addition to the enhancement of the teachindgssion, teacher production
and development systems necessarily need to preaparéeachers and develop in-

service teachers continually and effectively.

Basic Education

The Educational System

The educational system in Thailand is categoriatmthree types: formal,
non-formal, and informal (Office of the Educationu@cil [OEC], 2006). Formal
education specifies the aims, methods, curriculegattbn, assessment, and evaluation
conditional to their application inside the schegétem. On the other hand, non-
formal education allows flexibility in determiniradms, modalities, management
procedures, duration, assessment, and evaluatisideuhe school system for people
who do not enroll in the school system. Informal@ation enables individuals to
learn by themselves according to their needs,astsr potential, readiness, and
opportunities available from people, society, eowment, media, or other learning

resources.

Formal education is divided into two levels: baamnel higher education. As
defined in the 1999 National Education Act (ONEG99Q: 5), basic education is
“education provided before the level of higher eatian” with free of charge. It
covers at least twelve years, divided into thresry®f lower primary education
(Educational Level 1: Grade 1-3), three years qdeuprimary education
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(Educational Level 2: Grade 4-6), three years wielosecondary education
(Educational Level 3: Grade 7-9), and three yergper secondary education
(Educational Level 4: Grade 10-12) or three yedws certificate in vocational

education.

In basic education, nine years of primary educadiod lower secondary
education are compulsory (ONEC, 1999). After corpiecompulsory education,
students who wish to continue their education haw@ecide to study either in upper
secondary education or in vocational education.ddgpcondary education provides
students with basic knowledge, skills, attitudes personal attributes in order to
study in higher education or at the university leVée certificate in vocational
education provides students more competency-ba$ewbkng, specifying the
standards of knowledge, skills, attitudes, andgeakattributes for their future

careers.

For higher education, students who completed upperndary education can
pursue a degree that may take four to six yeagemeral. On the other hand, students
who get a certificate in vocational education cagettwo more years for a related
diploma in vocational education. Then, after ggténdiploma, they can continue two
more years for a higher diploma in vocational etiocathat is equal to a degree from
the university. Moreover, after getting a degrea aigher diploma in vocational
education, higher education can also provide aenasigree and a doctoral degree,
generally requiring two years of study with a tsemnd three years of study with a
dissertation respectively.

Curricular Content

Section 23 of the 1999 National Education Act tiatined desirable attributes
for all students (ONEC, 1999). According to thistgmn, students are required to be
knowledgeable about themselves and the relatiorns#tipeen themselves and
society; knowledgeable about science and technplogthematics, and language;
knowledgeable about religion, art, culture, spatg] Thai wisdom; and have the
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knowledge and skills needed to pursue a careetcahave a happy life. The Office of
Basic Education Commission (OBEC) has prescribed001 Basic Education
Curriculum that all students at grade 1-12 areireduo learn (OBEC, 2001).
Content of the basic education curriculum inclugniesubjects: (1) Thai Language,;
(2) Mathematics; (3) Science; (4) Social StudigsHealth and Physical Education;
(6) Art; (7); Career and Technology; and (8) Foneiginguages. All schools in basic
education have to use these content areas astthealar core curriculum to develop

their own school-based curriculum.

Science in Basic Education

According to Section 81 of the 1997 Constitutidnhe Kingdom of Thailand,
the development of science and technology is inapbifior national development
(OCS, 1997). Thus, it is a responsibility of theictry to educate all Thai people to be
literate in science and technology (ONEC, 1999nseqguently, the 2001 Basic
Education Curriculum prescribed science and tedygyoés content that all students
have to learn (OBEC, 2001). Scientific and techgilal literacy for all becomes a
main national goal of education (IPST, 2002). Alidents are expected “to
understand nature and man-made technological pt®dnd to use scientific
knowledge reasonably, creatively, responsibly, ethitally” (IPST, 2002: 1).
National policy states that human development iaree and technology should
increase the self-reliance of all people as we#r@dsance the competitive capacity of
the country (ONEC, 2002b).

In promoting scientific and technological literafoy all, the Institute for the
Promotion of Teaching Science and Technology (IR&39 established to be mainly
responsible for promoting the teaching and learoingcience, mathematics, and
technology in the country. By collaborating witletdBEC, the IPST prescribed the
national science curriculum standards, which iglusel well-known as the “core
science curriculum” for basic education (IPST, 200he core science curriculum

describes the aims of the formulation of teachind l@arning science as follows:
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To understand the principles and theories basscience;

To understand the boundaries, nature and liritadf science;

— To use skills to inquiry about and explore sceeand technology;

— To develop thinking processes and imaginatioobl@m solving, and
communicative and decision-making skills;

— To realize the influence and effects of the refethips between
science, technology, people and environment;

— To use knowledge of science and technology t@aackr society and
everyday life; and

— To be a human who has scientific attitudes, mettac, and value to

utilize science and technology creatively.

In addition, the core science curriculum includabject matter, learning
standards, and expected learning outcomes. led g primary and secondary
schools to promote student learning of scienceaasqgb their school-based

curriculum.

In the national science curriculum standards (I2802), students learn
science in a spiral manner—the students experigvgceurricular content repeatedly
and in more sophisticated ways as they move irgbdrieducational levels. The
curricular content of science is presented in esgifi-strands: Living Things and
Living Processes (sub-strand 1), Life and Environngsub-strand 2), Matters and
Properties (sub-strand 3), Forces and Motion (stdnd 4), Energy (sub-strand 5),
Processes that Shape the Earth (sub-strand 6pnstry and Space (sub-strand 7),
and the Nature of Science and Technology (sub-g®@anThe last sub-strand, Nature
of Science and Technology, can be integrated ititercsub-strands. Students have to
achieve the learning standards in each sub-stiaiheia educational level before

continuing to the next higher level.
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Physics in Basic Education

Physics in basic education strongly relates testtdnd 4, Forces and Motion,
and sub-strand 5, Engtgn sub-strand 4, there are two learning standduals
students need to achieve. Students are expectbd tble to understand nature of
electromagnetic force, gravitational force and eaciforce, have experienced
investigative processes and communicate the kn@sledquired and make use of it
correctly and morally and be able to understandgygf motion of natural objects,
have experienced investigative processes and goasesence mind, communicate
knowledge acquired and make good use of it” (IP®02: 7). In sub-strand 5,
students are required to “be able to understandeiagonship between energy and
living, energy transformation, interaction betweaweatter and energy, effects of energy
utilization on life and environment, posses invgative skills, communicate

knowledge acquired and make good use of energ®TIR002: 7).

More specifically for the upper secondary educatath which this research

involves, students in grade 10-12 are requirecktalile to:

— investigate, analyze and explain the relationbleipveen force,
motion of particles or objects in gravitationalliemagnetic field, electric
field, also make use of the knowledge;

— analyze and explain nuclear binding forces amcefo between
particles;

— experiment and explain relationship between dsghent, velocity,
acceleration in linear motion and perform calcwlasi to find relevant
guantities;

— investigate and explain simple harmonic motiorgutar motion,
projectile motion, also make use of them,;

— investigate and explain properties of mechamaale and
relationship between frequency, wavelength andoigiof wave;

— investigate and explain sound making, sound sitgrsound
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quality, noise pollution and its effects on healtid make use of sound;

— search for information and explain electromagngpiectrum, also
usefulness and dangers of electromagnetic wave;

— search for information and explain nuclear readj fission and
fusion, interaction between matter and energy, titsrend risks of utilization
on life and environment; and

— investigate, search for information and explaie original of
radioactivity and its use, impacts on living thireged environment (IPST,
2002: 18-22).

Facilitating student learning of science in linghvwthe requirements of the
1999 National Education Act (ONEC, 1999) and ofaional Science Curriculum
Standards (IPST, 2002) is a great challenge fensei teachers. Teacher development

is a necessary factor to help them achieve suakiresgents.

Teacher Development in Thailand

Importance of Teacher Development in the EducatiofReform

Teachers have been widely recognized as very itapioin the education
reform movement (Atagi, 2002; Fry, 2002; Pillay020 Pitiyanuwat, n.d.). Their
responsibility to facilitate student learning indiwith the 1999 National Education
Act is the most important aspect of the educatedarm (ONEC, 1999). Other
aspects of the education reform (e.g., decentnglieducational authorities, assuring
educational quality, enhancing teaching professioohilizing educational
investment, and promoting technologies for educatian be considered as support
for teachers to meet that responsibility. This e®gressed by Hagreaves and Fullan
(1992: ix) as follows:

... we have come to realize in recent years thateheher is the

ultimate key to education change and school imprerd. The
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restructuring of schools, the composition of nagicemd provincial
curricula, (and) the development of bench-mark essents—all
these things are of little values if they do ndetéhe teacher into
account. ... It is what teachers think, what teexbelieve and what
teachers do at the level of the classroom thanatiely shapes the

kind of learning that young people get.

Thus, teachers—especially those who already aserwice—are a high
priority in the education reform (Pillay, 2002; dkbm and Chaiso, 2007). The 1999
National Education Act (ONEC, 1999) recognizedrbked for teacher production and

development as necessary for the education referstaded in its Section 52 that:

The Ministry (of Education) shall ... take a supsovy and
coordinating role so that the institutions respblesfor production and
develop of teachers, faculty staff, and educatipeasonnel shall be
ready and capable of preparing new staff and coaliy developing

in-service personnel.

This has led educational organizations to putfargreat effort to conduct

teacher professional development in Thailand.

Working Approaches to Teacher Development

There are a number of educational organizationsiwed in teacher
development in Thailand. These organizations irgldor example, the Ministry of
Education (MOE), the Office of National Educationr@mission (ONEC), the Office
of Basic Education Commission (OBEC), and educatiarstitutions (e.qg.,
universities). More specifically, the Institute filwe Promotion of Teaching Science
and Technology (IPST) and the Science Society aildhd under the Patronage of
H.M. the King (SciSoc) also play important rolesstience teacher development.
These organizations conduct a variety of workingrapches to teacher development,
including teacher education programs, training sesiy workshops, professional
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development programs, distance learning, and sdbes#d training. Some of these
teacher development approaches, however, candggabed together in operation
(e.g., Brahmawong, 1993; Petchurn, 2003).

Teacher Education Programs

As of 1997, Thailand had 114 educational institosi responsible for teacher
preparation and development (Pitiyanuwat, n.d.gsenare distributed throughout
every region of the country. They are both govemina@d private institutions that
provide teacher education programs for both prd-iasservice teachers. Most of
these institutions provide teacher education progreanging from bachelor’s to
master’s degrees while a few also offer doctorgrees (Pitiyanuwat, n.d.). Kasetsart
University, for example, has a wide range of degieats educational programs,
including the Graduate Diploma (Science Teachirajd3sion), the Master of Arts in
Teaching Science, and the Doctor of Philosophycier®&e Education (Graduate of
School Kasetsart University, 2009). The progranmitidoth practicing teachers and
individuals who did not complete degrees in thecational field but would like to

become teachers.

Curricula for teacher education programs are pitesd by the institutions as
subjects for teachers to enroll in. These subjgeterally include curriculum
development, theories of teaching and learningca&iilonal technology, educational
administration, educational assessment, researttodwogy, and so on. Teachers
enrolling in the programs are required to pass famogeriteria such as a minimum
grade point average (GPA), qualifying or comprehanexaminations, a number of
published articles in peer-reviewed journals, arateedings in academic
conferences. The program criteria in each prograghtwary, depending on the
institutions and programs. The criteria could afsbude conducting research in the

form of a thesis or dissertation with support freducational experts.

However, education in Thailand’s universities haaglitionally resembled “a
knowledge-receiving culture,” in which bodies ofokviedge from outside, mostly
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Western, countries are one-directionally transtémgo the country without
considering the Thai culture/society (Sinlarat, 20@s a result, teachers who enroll
in teacher education programs are not encouragee toeative and productive for
new knowledge but to be “the persons who seekriomkedge mostly be collecting
from foreign sources (consumer and/or dependemzk)emch/tell/lecture them to
students” instead (Sinlarat, 2002: 141).

In addition, there are limitations regarding tegulations for admitting in-
service teachers into education programs. As maddat the Office of Basic
Education Commission (OBEC, n.d.), for examplesénvice teachers who desire to
enroll in a regular program must be younger thagetss old, have more than two
years of teaching experiences, and enroll in d telnsistent with their duty in the
school. In addition to this regulation, not ovesefipercent of all in-service teachers in
each school are allowed to enroll in regular teaeldecation programs. Moreover,
financial factors could be another problem for samservice teachers who need
support for their own education (Srisa-Astcal., 2001).

Training Courses, Workshops, and Professional Devabment Programs

Training courses, workshops, and professional ldpweent programs are
dominant approaches to teacher development indrmhile.g., Nitsaisook and
Anderson, 1989; Hayes, 1997; Petchurn, 2003; letajiR005; Promkatkeaw, Forret,
and Moreland, 2007). According to Pillay (2002)stkind of teacher development
approaches is conventionally conducted by the MOEEC, OBEC, IPST, SciSoc,
and the educational institutions. Its aims are gadhediverse—for example, helping
teachers to cope with practical problems, enhantgaghers’ abilities to practice in
particular ways, or introducing educational innawas to teachers—and its duration
could vary (Yutakom and Chaiso, 2007). A follow-eymluation of teacher practices
after participating may be included as part ohitvities in order to provide on-site
support for teachers to deal with practical proldemreal situations and also to get
feedback to improve content and activities. In addj teachers may be invited to
participate in the program development process.
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However, some limitations regarding this kind edi¢her development
approaches were reported. Pitiyanuwat (n.d.) arghuatcthis kind of teacher
development approaches is unsystematic, does ppodwall in-service teachers,
does not pertinently serve teachers’ needs, ahdratmphasizes theory over practice.
Regarding being unsystematic, it was also arguatitiie educational organizations
responsible for teacher development do not shaie flamework and responsibility
(Pillay, 2002). As a result, teacher developmengpams conducted by these
organizations are fragmented and lack directiofoous. Furthermore, these
organizations do not have enough capacity to peosigoport for all in-service
teachers. Almost 700,000 in-service teachers irclaiication (OEC, 2006) make it
overwhelming for them. Moreover, because thesemzg#ions are conventionally
central, most teacher development programs indtibtethem are more likely not to

serve teachers’ needs.

Distance Learning

Distance learning is an alternative model of teactevelopment which
mainly aims to support in-service teachers who hevaccess to the previously
mentioned teacher development approaches (YutakonChiaso, 2007). There are a
number of in-service teachers—especially from racklools—who cannot get away
from their school because of the problem of distaared the shortage of teachers
(Pillay, 2002). There are two types of distancerle® programs. The first one is a
broadcast using national satellite. It is calledtiEation Television Station” or ETV.
In this service, teachers are expected to leatruictsonal strategies from television
programs and apply them in their classroom (IP8042. In addition, teachers are
provided with learning resources that are availaplénternet. The second is a
distance learning system provided by open univess(for example, see
Brahmawong, 1993). This program allows in-serveachers to study by themselves
through a set of integrated medias (e.g., readiaggnals, radio and video tapes, radio
and television programs, and e-learning) withotérating a conventional classroom
(Sukhothai Thammathirat Open University, n.d.). ldoer, this teacher development
approach lacks ongoing two-way interaction and imssipport between learners
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(i.e., teachers) and lecturers. In addition tdimtstations, this approach lacks of
collaborative activities provided for teachers, #imelteachers tend to not pursue their

learning after getting a degree or certificate (Bnawong, 1993).

School-Based Training

One rather new approach to teacher developméittanand, when compared
to those already discussed, is school-based traiftimvolves the identification and
selection of a number of outstanding teachersaio ind mentor other teachers.
According to the Office of the Education CounciHO, 2006), there are three types
of outstanding teachers: national teachers, méstehers, and teachers of Thai
wisdom. The national teachers are outstanding egackho are able to conduct
research and development on learning reform. Tleé¥igancial support (220,000
baht/person/year) to do research as well as temisste and train a group of at least
50 teachers to apply their own research resultsinvd three-year period. The master
teachers are identified and selected as outstamteauoipers who are able to practice
student-centered instructions. They receive firamstpport (25,000
baht/person/year) to train and mentor at lease&bters in student-centered
instruction within a four-month period. The teachef Thai wisdom are local experts
who are provided financial support to carry ouethmain tasks: mobilizing local
wisdom in a school setting, integrating local kneelde into the school-based

curriculum, and establishing local wisdom learnéegters and networking.

The overall mentoring mode (national teacherstendasachers, and teachers
of Thai wisdom) of teacher development is seerched-based because those
outstanding teachers can mentor their own colleagdm teach at the same or nearby
school. Moreover, this approach focuses more arhi&ra’ actual practices in their
school and addresses teachers’ needs. When contpaterlprevious approaches, the
gaps between educational experts and teacherslleaswieat between theory and
practice are likely reduced. Teachers can getajysoach to teacher development in
their school without leaving their students to dtevorkshops. This approach costs
less than organizing workshops when targeting éimeesnumber of teachers.
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However, there are some limitations to this teadeselopment approach.
First, the number of outstanding teachers—26 natitsachers and 586 master
teachers (Puntumasen, 2004) — is short when compara! in-service teachers.
Second, most outstanding teachers can discussanather teachers only in a
limited, specific area (Pillay, 2002). Third, traig other teachers can considerably
increase outstanding teachers' workloads and headutstanding teachers to leave

their own classroom to be resource persons forr edaehers (Amornvivat, 2002).

Appeals for an Alternative Approach to Teacher Devidpment

Despite a number of working approaches to teadgéeelopment in Thailand,
there are appeals for an alternative or supplemeafgroach to teacher development
in response to the education reform movement (P#802). The appeals highlight
promotion of continued and empowered teacher lagr(try, 2002) in order for
teachers to become “knowledge producers” as webkdscational leaders,” who are
active in improving their own practices and initigt the educational change, rather
than “knowledge consumers,” who receive and impleneducational innovations
developed by others (Yutakom and Chaiso, 2007dolng so, it is suggested that
“teachers must be allowed to think and act (abeathing and learning)”
(Amornvivat, 2002: 5). Moreover, there is a propiosi to establish communities
where teachers come to learn and share knowledné tdaching and learning
(Atagi, 2002). Some responses to these appealsectound in recent doctoral
dissertations (e.g., Soparat, 2008; JuntarapraX#8) that use “lesson study” as an
approach to teacher development.

Characteristics of Effective Science Teacher Devaglment

In international literature, it is suggested ttegicher development is about
enhancing teachers’ ability to learn to facilitatedent learning. Teacher learning
occurs best when it is initiated and sustainedebghers themselves (Bell and Gilbert,
1994), and no one can force teachers to learnageh(Clark, 1992). Teacher

development thus involves creating a learning emvirent that promotes and
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motivates teachers to learn. In this section, tleacteristics of effective
environments that can promote science teachersitepare summarized as a set of
guiding principles that science teacher developmbatild (1) be based on students’
learning and help teachers to address studentsitgpdifficulties; (2) be based on
the needs of teachers both as individuals andyasug; (3) engage teachers in
transformative learning experiences that confrbairtbeliefs, knowledge, and habits
of practice; (4) be integrated and coordinated witrer initiatives in schools and
embedded in curriculum, instruction, and assesspragctices; (5) maintain a
sustained focus over time and provide teacherseggortunity for continuous
improvement; (6) actively involve teachers in obgay, analyzing, and applying
feedback to teaching practices; (7) concentratepacific issues of science content
and pedagogy and connect issues of instructiorsatkEnt learning to the actual
context of classroom; and (8) promote collaboratiorong teachers in the same

school, grade, or subject. Each of these guidintgcjpies will be discussed in turn.

Science teacher development should be based on stats' learning and help

teachers to address students' learning difficulties

Teachers have a major responsibility to facilisttedent learning (ONEC,
1999). Because of this, teacher development shmtldnly be focused on teacher
learning but student learning also. It is necestaryeachers to understand and be
able to investigate how students learn, what diffies or problems students
experience when they learn particular content,valnalt alternative conceptions or
prior knowledge they possess (Loucks-Horsley, Stydad Hewson, 1996). Student
learning should be viewed as the ultimate purpd$eacher development as Hewson
(2007: 1181) said:

... the ultimate purpose in providing professionalelepment is the
improvement of student learning. ... the connechietween
professional development activities themselvessandent learning
should also be included. ... it is necessary t@egghe domain of
professional development from a tidy, focused, cetigperspective on
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professional development activities and participdatinclude the

complex, intertwined connection to student learning

Science teacher development should be based on tieeds of teachers both as

individuals and as a group.

In a similar vein of promoting student learningat¢hers are considered to be
the most important factor in the teacher develogmerscess. As adult learners, it is
necessary to take teachers’ needs into accouaaahér development activities.
Teachers should be facilitated to self-develop thasetheir needs rather than be told
prescriptively what they have to do in the classmotn other words, teachers must
have opportunity to control their own learning (H®n, 2007). Bell and Gilbert
(1994: 496) summarized their experiences of teadbeelopment regarding teachers’

needs as follows:

... the teachers felt development was hindered ¥f there told by the
facilitator to try a specific activity in the clasem ... They felt their
development was supported if the facilitator gdent a range of
activities to try out over the time ... They wehen able to select which
activity they would try, given then contexts in whithey were
teaching. ... The desired teacher development waaahieved by

trying to force the teachers to change.

With regard to teachers’ needs and readinessaisb argued that the
development of teachers is more likely to be maneh even in the absence of

support from the facilitator (Bell and Gilbert, 99

Science teacher development should engage teachersransformative learning

experiences that confront their beliefs, knowledgeand habits of practice.

Teachers’ beliefs can influence teachers’ actan$ also, in a broader context,
the education reform (Cronin-Jones, 1991; Czerarak Lumpe, 1996). Therefore, it
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is necessary for teacher development to deal wibhers’ beliefs. Challenging
teachers’ beliefs could be a powerful way to enagara restructuring of teachers’
understanding of both learning and teaching (Loagh2007). Helping teachers to be
aware of their beliefs and to understand theirrgdcrowledge about teaching and
learning can encourage them to change their pesc{ilson and Berne, 1999). With
this in mind, teacher development should providehers with opportunities to
confront their beliefs, prior knowledge, and habitpractice. Furthermore, teachers
could be encouraged to compare and contrast theirbeliefs with underlying

principles of educational policies or instructioapproaches.

... teacher development is about helping teachecatique beliefs
underlying different educational policies and teaghapproaches to
clarify their own beliefs and commitments in sciemtucation and to
act in ways congruent with their own beliefs anchaatments (Bill
and Gilbert, 1996: 37).

Science teacher development should be integrated@uooordinated with other
initiatives in schools and embedded in curriculuminstruction, and assessment

practices.

The classroom is regarded as the best place toqtecteacher learning
(Thiessen, 1992). In a classroom, there are andamimumber of opportunities for
teachers to learn to facilitate students’ learraathentically. The classroom thus is
not only a place of learning for students but &adhers also (Borko, 2004). Teacher
development activities should therefore be schootlassroom-based (Thiessen,
1992; Abdal-Haqq, 1996). Teacher development, hewehould not be seen as
another additional task for teachers. Rather,aughbe part of teachers’ regular
practices (Abdal-Haqq, 1996). Teacher developmientlsl be embedded in teachers’
school life, which generally involves curriculumstruction, and assessment
practices. Reflection in and on teaching practitmsexample, can enhance teachers’

professional growth (Schon, 1983).
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Science teacher development should maintain a sustad focus over time and

provide teachers with opportunity for continuous inprovement.

Meaningful learning generally is a slow and unaarfaocess for teachers
(Borko, 2004). As a result, teacher professionaktigoment should be viewed as a
lifelong or ongoing process (Abdal-Haqq, 1996; Lka:tlorsleyet al., 1996).
However, it is important for a teacher developm@oject to maintain its focus over
time in order to allow teachers to learn contindpu3uration with a sustained focus
is an important factor for the teacher developnpeafect to promote teachers’
learning (Garett al., 2001). Additionally, teacher development shaudtl create or
increase teachers’ dependency on those who ingradesupport the teacher
development project (Sachs and Logan, 1990). Ratwssrhers should be empowered
and be able to continue their own development byntfelves as Bell and Gilbert
(1994: 495) expressed.

The teacher development process can be viewedeasfon
empowerment for on-going development, rather thenaf continued
dependency on a facilitator. The aims, activiteey] facilitation of a
programme were planned for teachers to feel empahvand not to
continue to be dependent on the facilitator forrtdevelopment.

Science teacher development should actively involteachers in observing,

analyzing, and applying feedback to teaching practes.

Teachers, like their students, learn best whey dlaévely engage in learning
process (Loucks-Horslegt al., 1996). Working on authentic problems can, for
example, provide opportunity for teachers to coheaize new knowledge
connecting to their prior knowledge and beliefs #reh transform it into further
actions (Market al., 1998). Teacher development should thereforavab@chers to
be involved actively in a learning activity relatedtheir teaching practices. Active
learning activities for teachers, for instance,ldde observing other teachers’

teaching, being observed by other teachers, aradmhg and sharing feedback from



32

observations; collaboratively constructing lesstamg, implementing them in the
classroom, and examining the implementation resaiitd giving presentations,

leading discussions, and producing and publishintiem work (Garett al., 2001).

Science teacher development should concentrate goesific issues of science
content and pedagogy, and connect issues of insttion and student learning to

the actual context of classroom.

Teachers require many kinds of knowledge in otdéacilitate student
learning (Magnussod al., 1999). They have to transform their content and
pedagogical knowledge into a form or representatianis comprehensible for
students (Shulman, 1986). In doing so, they alsunl he possess knowledge about
students, curriculum, and the context of learnfBlgulman, 1987). Teacher
development should thus allow teachers to conceensrawhat to teach, how to teach
the contents, to whom the contents are taughttl@dontext in which teaching
occurs (Abdal-Haqq, 1996; Louchs-Horskal., 1996; Wilson and Berne, 1999;
Guskey, 2003). Additionally, teacher developmermiusth allow teachers to
incorporate their variety of knowledge to instroatin their classroom. It is thus
important for teacher development to focus on paldr content that teachers will
actually be teaching in their school rather thamegal and abstract ideas (Roth,
2007).

Science teacher development should promote collakairon among teachers in
the same school, grade, or subject.

Promoting collaboration among teachers has bedalyaccepted as an
effective way to do teacher development. Louckssyret al. (1996) suggested that
teacher professional development should providehexa with the opportunity to
work in collaborative teams, to engage in discoafseut content, teaching, and
learning, and to observe the modeling of releveff¢ctive teaching strategies.

Wilson and Berne (1999) also suggested that thertypity to talk with others about
subject matter, students and learning, and tead@ngnhance teachers’ professional
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knowledge and allow teachers to test, discussseeand retry their own ideas related
to instruction. Collaboration among teachers caproenoted through working
together, observing and coaching each other, imguiogether into questions of
common interest, and sharing what they learn frapegences (Loucks-Horsley

al., 1996). Collaboration with others can also prarteachers’ social development
(Bell and Gilbert, 1994).

Action Research

According to the national educational policieg #ppeals for an alternative
approach to teacher development, and the guidimgiples of effective teacher
development as discussed above, collaborativeractgearch (e.g., Baie al .,

1987; Feldman, 1996) is being considered as a pat@pproach to physics teacher
development. In this section, literature aboutarctiesearch will be discussed in order
to provide a general sense for the conduct of lsotiative action research. (Details of
collaborative action research as used in this rekesme discussed in Chapter IIl.)

Action research is basically considered a formeskarch or systematic
inquiry undertaken by practitioners on their owagtices when they feel they have
problems or are unsatisfied (Carr and Kemmis, 18tt, 1991; Altrichter, Posch,
and Somekh, 1993; Noffke, 1997; McNiff and Whitethe2002). Practitioners
generally conduct action research for many purpesel as solving practical
problems, improving their own practices, creatimglerstanding of practices as well
as of situations in which practices occur, prodgaiew practical knowledge,
enhancing their own professional growth, influegcauthoritative policies that shape
their practices, and creating social positive clea®gcause action research involves
practitioners’ practices, it is agreed that pramtiérs have to play a key role in the
action research process, during which they mayay not get supports from outsider
experts or professional researchers. In order derstand the nature of action

research, the characteristics of action researitth&/discussed.
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Characteristics of Action Research

Action research is a practical-based and unique #&gity which requires a
variety of methods.

Action research generally involves practical peohé$ experienced by
practitioners in their contexts. The involvemenpaddctical problems in real-life
situations makes action research unique intringidabr practitioners as action
researchers, it is not possible to employ a rigemethod to deal with such unique
problems. It is necessary for practitioners to emtgalize their problem reflectively
in order to seek ways to solve or at least undedsita(Schon, 1983). As a result,
action research is considered a study of speafes (Nixon, 1987), which require a
set of methods. Action research can thus be comsldeflexible methodology that
can be used to cope with unique, practical problgagpobianco and Feldman,
2006).

Action research is value-bound, socially-construed, and historically-
embedded.

There is a diversity of practitioners’ perspecsivm a particular situation. In
other words, different practitioners can see a@adr situation in different ways,
depending on their values, prior experience, ardsttial and cultural framework in
which they live. Some practitioners might considesituation as problematic or
unsatisfactory while others might not. As a resadtjon research, as a methodology
that practitioners use to deal with their practmaiblems, is intrinsically value-bound
(McNiff and Whitehead, 2002). Action research isdocted in order to improve the
practice that is judged by practitioners’ valuesatidition, practitioners’ values and
practices have evolved through a social constragirocess over time. Thus, action
research can be seen as socially constructed atatibally embedded (Carr and
Kemmis, 1986). Through a socially developmentatpss, practitioners can
determine what counts as desirable or problematdh is valuable or necessary for

doing an inquiry or action research.
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Action research is a participatory, collaborative,and democracy process.

As a value-bound, socially constructed, and hisatly embedded activity,
participation and collaboration under democratmcpss are essential for action
research. An attempt by a practitioner trying ttvas@ practical problem requires, to
some extent, participation and collaboration wittess. The practitioner necessarily
needs to involve people to share their perspeativihe problem, clarify the problem,
investigate the problem, create and implement #oraplan responding to the
problem, observe and evaluate the action implendeated reflect on and learn from
the action. All these activities require all pagants to be parts of and work together
in action research. Through participation and daltation, the participants attempt to
seek ways to live together successfully (McNiff Additehead, 2002). Action
research works through a democratic process intwdligarticipants have the right
to express ideas, debate critically and rationalty] make decisions on all its

activities (Carr and Kemmis, 1986).

Action research involves reflective, critical, andemancipatory practice.

Because practical problems do not generally ptabemselves in an easily
understandable form, practitioners need to bea®fie in and on their action in order
to solve the practical problems professionally 8¢H983). In doing action
research, practitioners are required to refleend on their action in order to seek
strategies to understand and solve the problemekhss learn from what they have
done. Moreover, critical thinking is important faractitioners so that they can be
aware of and understand the constraints that theit own practices (Carr and
Kemmis, 1986). These constraints can be both iatéeng., their own belief, prior
knowledge, and habits of practice) and external (eultural norm, organizational
structure, and authority). Action research is a ey helps practitioners to overcome
these constraints. Action research thus is a fdrresearch that emancipates and

empowers practitioners from such constraints.
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Action research is a systematic and continuous inary.

Action research is conducted by practitionersrareoto solve their own
practical problems and improve their own practi¢gsctitioners can learn from what
they have done through reflection. In this sensgo@ research is directed by
practitioners’ decisions about what counts as dbkror unproblematic practice and
what counts as useful knowledge for them. Whattpiiagers learn is interpreted
through their own personal judgment, which coubtliéo misinterpretation. To
prevent practitioners’ misinterpretations and beviaced that their interpretation is
valid and unbiased, it is necessary for them talaohaction research as
systematically as possible. Practitioners needdwige evidence to support their
claims whether their action is successful as wehaw the knowledge they acquired
from their action research can be valuable for st cNiff and Whitehead, 2002).
Practical problems are dynamic and there is nolatesp correct knowledge (Noffke,
1995). Practitioners need to solve their dynamabj@ms and improve their practices
as an ongoing activity. Thus action research cabeat static process, which starts
with a question and ends up with an answer. Raithisra continuous process of

improvement and development.

Action research starts with personal change but ais for social benefits.

Action research starts with a need to solve pratproblems or improve
practitioners’ practices. The need is personallyated by the practitioners’ feeling of
contradiction between what they value as good m&eind what they actually do,
which they want to improve even in little ways (Wéhiead, 2000; McNiff and
Whitehead, 2002). However, practitioners’ improvein& practice should benefit not
only practitioners themselves but also others wi®ih the same context. Action
research brings all participants related to a pralcproblem to solve it together.
Participation and collaboration among all practigcs create power for improvement
and development, which eventually leads to sotiahge, transformation, and
benefits (Carr and Kemmis, 1986).
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Forms of Action Research

As discussed above, there are many characterigtaxstion research. As a
result, there are many names for it, dependindhercharacteristics emphasized in the
particular study. Action research might be calladipipatory action research,
collaborative action research, critical action e#sh, emancipatory action research, or
democratic action research, for example. Moreaa@ugcational action research could
be called teacher research, classroom researtgadrer inquiry. These different

forms of action research reflect the important abtaristics that are emphasized.

Participatory/Collaborative Action Research

Participation and collaboration are important elegeristics of action research.
Participation refers to sharing and taking partsT&bgart, 1991, 1997) while
collaboration refers to working together (Feldm&992) by participants in action
research processes. Action research can thusled palticipatory action research
(McTaggart, 1991, 1997) or collaborative actioresgsh (Oja and Smulyan, 1989;
Feldman, 1996; Capobianco, 2007) to emphasizeheacteristics of action research
in which all participants are working together a@ring benefits. In addition, it also
implies practitioners’ ownership of the improvemehtheir practices and the

production of knowledge as a result of action rese@McTaggart, 1991).

In a collaborative action research study, Capalmg@007: 6), for example,
explained participatory and collaborative charastes among participants (i.e.,
teachers and a university researcher) in her sasdiie following: (a) mutually
defining research problems; (b) collaborativelykseg solutions to research
problems; (c) learning together from the researclegss; (d) sharing and shaping
personal and critical reflections; and (e) shabegefits of the action research results

and contributing to others.
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Democratic Action Research

Action research can be also called democratioacgsearch (Jensen, Larsen,
and Walker, 1995). In order to participate andaimdirate in action research, it is
necessary for all participants to create a demicogat/ironment in which they have
right to express their idea liberally and critigaliationally debate others’ ideas, and
make decision democratically in all action reseactivities (Carr and Kemmis,
1986). It can thus be said that democratic charatts go hand in hand with

participatory and collaborative characteristicaction research.

Critical Action Research

The name “critical action research” is used to lkeagize critical characteristics
of action research. It is conducted in order twa@ase social justice for all participants
within the context of a critically oriented profemsal community (Tripp, 1990).
Critical action research tends to be initiated dimected by practitioners who feel
there is something unjust, problematic, or cons&diabout their practice under
existing circumstances and who want to improvinitoing critical action research,
practitioners are required to articulate their exgscircumstances as well as to be
conscious of their world view, including valuesp@ations, ideology, and habits
embedded in their practice. Critical action reskeaims to develop new practice
rather than to modify an existing one, which isstomined by their circumstance and

world view.

Emancipatory Action Research

Similarly to critical action research, emancipgtaction research emphasizes
the characteristic of action research which empseactitioners to overcome and be
emancipated from both internal and external coimggdhat influence their practice.
These constraints might be habits, customs, pretgdeaditions, control structures,
and bureaucratic routines, which practitioners &elcontradictory and irrational
(Carr and Kemmis, 1986). However, emancipatoryoaatesearch does not only
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involve individual’s critical thinking but also trmdmmon critical enterprise of
changing. It aims to change or transform the astihs through practitioners’
participation and collaboration. As a result, pap@tory and collaborative
characteristics are also important for emancipaaation research.

Teacher Research, Teacher Inquiry, and Classroomégearch

Action research can be conducted by teachersugsgdnal practitioners in
order to create educational change (Elliott, 198%)a result, action research
conducted by teachers can also be called teacbegingh (Cochran-Smith and Lytle,
1993; Cox-Petersen, 2001; Roberts, Bove, and van2307) or teacher inquiry
(Clarke and Erickson, 2003). Through this nameythe of teachers as researchers
(or inquirers) and teachers’ ownership of acticsesech are emphasized.
Furthermore, some who emphasize the context ofatidunal action research—the

classroom—might prefer to call action researchsstaom research” (Ritchie, 1993).

Action Research as an Approach to Teacher Developmie

Action research can be viewed as an approaclathée professional
development as its process can foster teacherf®gzional growth. It also shares the
characteristics of effective science teacher psidesl development. Moreover, the
conduct of action research is in line with Thailsretlucation reform movement.

These issues are discussed in this section.

Action Research and the Education Reform

Fostering teachers to conduct action researdiasgy consistent with
Section 30 of the National Education Act (ONEC, 999 which teachers are
expected to carry out research to improve theshieg practices and promote student
learning. It also espouses the three educatiooaigons of the education reform,
which emphasize lifelong learning for all, part@&ifmn among all stakeholders, and
continuous development of bodies of knowledge &eddarning process. Teachers
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who conduct action research can learn from theictores on a continuous basis.
They and other stakeholders can participate an# Wgether in an action research
project focusing on a particular educational aspHuts could lead to a learning
community where all stakeholders can contributartd benefit from (Altrichter,
2005). Within such a learning community, therehis ggrowing of a practical

knowledge base as well as the development of Hraileg process.

Action Research and the Characteristics of Effecti® Science Teacher

Professional Development

Action research unifies a number of educational/dies (e.g., instruction,
curriculum development, evaluation, educationadéaesh, and teacher professional
development), which are often regarded as traditipmlisparate (Elliott, 1991). In
other words, all these activities can be seen astariwined form of action research
that aims to translate educational values into rrdorms of teaching practices.
When teachers teach, for example, they also coratlwztational (action) research to
evaluate student learning as well as their ownhiegcpractices. Results of the
evaluation provide teachers with information to@ep or adjust the curriculum that
has been implemented as well as improve their tegghractices. This intertwined
activity, when continuously conducted, can be sesea form of teacher professional

development.

Thus, action research itself is related to stutkarning and also embedded in
processes of curriculum development, instructio, l2arning assessment in the
classroom context. Teachers can conduct actioanesas part of their regular
practices in order to foster students’ learning anefcome their learning difficulties.
Conducting action research allows teachers to foouspecific science content and/or
pedagogy based on their values, needs, and irgehestddition, teachers have the
opportunity to engage actively in the action reskarocesses (e.g., planning, acting,
observing, and reflecting), which allows teachersdnfront and critique their own
beliefs, prior knowledge, and habits of practicearbbver, action research allows
teachers to participate and collaborate with otldrs are involved with their action
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research study. Teachers can also sustain the@naesearch study as an ongoing

activity. Action research is a form of teacher depenent, which respects teachers

practical knowledge (van Driel, Beijaard, and Vepgp2001).

Impacts of Engaging in Action Research on Teacher®rofessional Growth

Action research has been diversely utilized incation such as in school-
based curriculum development, professional deveénschool improvement
programs, and systematic planning and policy deretnt (Carr and Kemmis, 1986).
In terms of teacher professional development, ageggearch can be used to promote
teacher learning by engaging in the research psoéesumber of action research
studies have reported that engaging in action reBez@n have several impacts on

teachers, as discussed in what follows.

Teachers’ Knowledge and Skills

By conducting action research, teachers can g#ereht kinds of knowledge
and skills related to instruction. Knowledge andiskenerally relate to the focus of
action research that teachers conduct. For exa@plednough (2008) reported that
teachers have a clearer view and are more knowdédigand comfortable about their
curriculum when they undertake action researcHinoirgate redundancies and
overlaps in the curriculum across levels. Tabadhaitd Zeichner (1999) as well as
Kang (2007) noted that collecting data from studavitile conducting action research
helps teachers become more concerned about stutthemiteng and prior knowledge.
Kang (2007) and Goodnough (2008) concurred tharaceésearch can help teachers
apply new instructional strategies in their classns. Moreover, Briscoes and Wells
(2002) commented that they, when becoming actiseakehers, are not only more
reflective, analytical, and critical of their pregt, but also increase their problem-

solving skills.
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Teachers’ Confidence and Competence

An increase in teachers’ knowledge and skillsloalp teachers feel more
confident and competent to teach their studentg-Bxerson (2001) as well as
Briscoes and Wells (2002) agreed that action rebaasults are empirical evidence
helping teachers be more confident to make decemmhundertake action in their
classroom. Moreover, by engaging in action resedecthers are more confident
about communicating their school problems and takisks for solutions (Smulyan,
1987). Learning by solving authentic problems fasteachers’ trust in their own
ability to solve their problem and construct tHeiowledge (Pedrietti and Hodson,
1995; Capobiancet al., 2006).

Teachers’ Understanding of Research Processes a@dnnection between

Theory and Practice

Conducting action research can foster teached@nstanding of what counts
as research and what counts as action researan{&e) 1994). In contrast to
traditional educational research, action researebgnts an image itself in an
understandable and usable form with a common lageyta@ teachers. As a result,
action research can help teachers to see the tpeacyice connection. In other
words, action research reduces the gap betweerythad practice for teachers
(Goodnough, 2001; Papastephanou, Valanides, Ar&fib).

Teachers’ Ability to Contribute Practical Knowledge to the Educational
Field

Besides enhancing teachers’ knowledge and skillsaching and learning, it
is also accepted that classroom-based knowledgkiped from action research can
contribute to the educational field (Pedretti aratisbn, 1995). van Zee, Lay, and
Roberts (2003) argued that classroom-based knowlesdg form of knowledge that
cannot be accessible by traditional education&@areh. Furthermore, sharing
classroom-based knowledge among teachers canralse ¢ceachers’ community of
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practice, which can contribute to both the prattcal theoretical knowledge base in
education (Capobianco and Feldman, 2006; Goodn@agig).

Decreasing of Teachers’ Dependency on Educationakperts

There are many characteristics of action resdathcan foster teacher
learning. Practical-based inquiry provides teachetis opportunities to learn actively
through solving authentic problems. Participatiod aollaboration in action research
can foster teachers’ learning within a safe angertpve environment. Moreover,
conducting action research on their own problemsiges teachers with
opportunities to learn and change at their own (@g and Kemmis, 1986). In
addition, criteria for evaluating development ae¢edmined by teachers themselves
rather than by outsiders. As a result, action meseean be considered true self-
development for teachers. It is a model of teadeselopment which does not rely

much on educational experts (Papastephahal, 2005).

Action Research in Science Education

In science education, Feldman and Capobianco §2@i8d that action
research has been utilized in three main domaisg:uctional processes, curriculum
development, and teacher education or teacher@@mweint. However, it should be
acknowledged that all three domains are interrélatel cannot be separated (Elliott,
1991). Using action research in science educagoe@lly involves encouraging
teachers to conduct action research about theitepahd learning of science and
curriculum development as well as facilitating teers’ development of their

professional growth through experiencing the actesearch process.

There are some differences among these actioarasstudies. Some action
research studies are directed and driven by teathemselves with support from a
university researcher (Feldman, 1996; Capobiaaeb, 2006; Capobianco, 2007). In
these studies, participants conduct action researaltontext that is separate from
their institutions and the power structures assediavith the institutions. They come
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and join in action research on a voluntary bas$ dictated by district-based
guidelines or mandated by administrators, educatioonsultants, or science
educators. Action research is regarded as a waygdmafoster their own professional
growth.

Some action research studies, however, are gligtiterent from the above.
Participants in action research are not separated their institutions or the power
structures associated with the institutions. Ratier participants conduct action
research as part of the institutional activitied get support from their institutions
(and sometimes from an outside-institution resesncht is a form of action research
in which the participants already working in thengainstitution agree to join and do
an inquiry for a particular purpose. As a restig participants do not leave their roles
and status in the institutions in order to workaobratively. Institutional relationship
among the participants can be found. Hanuetcah.’s (2007) and Goodnough’s
(2008) study are examples of this kind of acticeesch.

Many action research studies are conducted ad afpmteacher education
program (Pedretti and Hodson, 1995; Tabachnickzachner, 1999; Cox-Peterson,
2001; Briscoe and Wells, 2002; van &tal., 2003; Kang, 2007). Teachers who
enroll in a teacher education program conduct aggsearch with the support and
advice of a university researcher. The action mesei@mcus might be initiated by the
teachers themselves (Briscoe and Wells, 2002)taydaced by the university
researcher (Kang, 2007). Moreover, forms of coliabon are different, such as a
teacher working together with a university resear¢Briscoe and Wells, 2002), or a
group of teachers and a university researcher aimduindividual action research
projects which share some focus as a theme (K&ty)2or prospective and
practicing teachers working together under the sugien of a university researcher
(van Zeeet al., 2003).



45

Educational Action Research in Thailand

Action research was initially conducted in Thaddrefore the education
reform. Its focus, however, emphasized the promatiostudents’ learning rather than
teacher development (Sukrangsan, 1991; Chayanuoddtwkkunaprasit, 1997;
Chuaprapaisilp, 1997). Encouraging teachers tocctioraresearch became more
apparent after the promulgation of the 1999 Nati&uacational Act (ONEC, 1999),
which stated that teachers are expected to catrgesaarch in order to improve their
teaching practice and students’ learning. Otheuniremqments of the education reform
(e.g., education for all and learning process rejalso stimulated teachers to
conduct action research in response to those mgaints. Conducting action research
after the education reform has focused mostly aeldping instructional activities to
be more student-centered (Intasso, 1999; Kingmdr#9; Pongsamsuan, 1999),
dealing with students’ disruptive behaviors (Chuoe)) 2000), and extending
learning opportunities for minority students (Nocl2900). Most of these studies
were however conducted as part of teacher educptagram.

University researchers also play a role in prong#ction research amongst
teachers. They study teachers’ experiences astigage in action research as an
approach to teacher development (e.g., Petchufh; Zbonthornrojana, 2005;
Anantasuchatkul, 2006; Naphatthalung, 2009) as agetlurriculum development
(e.g., Kajornsin, Chuaratanaphong, and Sienglueld®9; Sahasewiyon, 2004).
Similarly to results in international literaturéjs evidenced that engaging in action
research activities can foster Thai teachers’ agraknt such as enhancing their
thinking process, promoting their understandingtatients, and increasing ability in
preparing instruction. However, there are somerabshg factors for Thai teachers to
conduct action research, including a lack of kremgle and understanding of action
research, a lack of time, a lot of responsibilitreschool, and a lack of resources and
support (Chumchuey, 2000; Chimploy, 2001; Sinp®30As a result, it is suggested
that teachers need support, such as training fdenstanding of action research,
necessary resources, and facilitation from adviespgipervisors, and thus a school

research-supported policy is necessary.
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Facilitating Teachers’ Action Research

Although engaging in action research can impaathers’ professional
growth, teachers, especially in Thailand, mightehdifficulties conducting action
research even if they wish to do so. It is argined these difficulties involve a lack of
understanding of action research, a lack of rebeskitls, and a lack of support from
their school (Chumchuey, 2000; Chimploy, 2001; 8if003; Anantasuchatkul,
2006). As a result, it is difficult for teachersdo action research for their own
development in their school (Johnston, 1994; Hakcd@97). Carr and Kemmis
(1986: 200) pointed to this challenge that:

... one of the problems in educational action rederthat people
involved in education do not “naturally” form aatioesearch groups

for the organization of their own enlightenmentu@@® in original)

Consequently, some intervention or facilitation teachers to do action
research at the beginning is necessary (Carr anthi{g 1986; Johnston, 1994). As
shown in history, however, encouraging teachedotaction research is not an easy
task. Some teachers might feel reluctant at figBiqtt, 1976-77; Hancock, 1997), see
the facilitator as an outsider (Carr and Kemmig8atXemmis, 1988), and emphasize
the technological domain of knowledge (Poettal., 2004; Anantasuchatkul, 2006).
Moreover, roles of the facilitator in teachers’iantresearch group as well as
relationships between the facilitator and the teeslcan influence the direction of the
action research group and the development of tea¢@arr and Kemmis, 1986;
Kemmis, 1988; Pontet al., 2004). The outside facilitator may distort anveigppower
teachers’ action research (Papastepha&hali, 2005).

... The intervention of outsiders may introduce digant distortions in
(teachers’) action research ... Indeed, it can beetghat some of
what passes for action research today is not actieearch at all but
merely a species of field experimentation or “aggliresearch carried
out by (the outsiders) who coopt (the teacherg) gaithering data
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about educational practices for them. ... Forgetting thgins of action
research, (the outsiders) have appropriated the aed carried out
studies paradigmatically opposed to the naturespirit of action
research (Kemmis, 1988: 47). (Italic and quoteriginal)

Therefore, in this study, it must be rememberedt ttiafacilitator’s task lies in
helping teachers “get to where they want to getjm(getting’ them to where the
researchers think they should get to” (Kosmidou dstder, 1991: 28) and “supply
(the) teachers with a theoretical framework tharnisillary to the teachers’ own
theorization of action” (Papastepharaal., 2005: 79). By this stance, the
facilitator’s roles are diverse and flexible—neitisgatic nor definitive (Kosmidou
and Usher, 1991; Pedretti and Hodson, 1995; Paat; Goodnough, 2003, 2008).

Summary of the Chapter

This chapter has provided a review of Thailandsaation reform, which
highlights the importance of teacher developmens. discussed in the review that an
alternative approach to teacher development isimedjun addition to the working
ones, in order to achieve the education reformirements (e.g., a change in teaching
practice towards student-centered instruction)eBam a review about characteristics
of effective teacher development, it is argued #wibn research seems potential to
be used for teacher development as it provideshieza@nd the researcher with
opportunities to work together in order to imprdkeir teaching practices.
Nevertheless, this kind of research is rarely pr@ti@nd conducted in Thailand. In
this study, “collaborative action research” whomsert highlights collaboration among
teachers and the researcher will be examined Wwétaim at promoting teacher
learning in response to the education reform. T ohapter discusses research
methodology as well as relevant features of collatiee action research as used in

the study.
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METHODOLOGY

This chapter is devoted to discussing the metlomyoémployed in this
research. The chapter is divided into five partee Tirst part addresses the research
paradigm used in this research, namely “naturelistjuiry.” The second part
overviews the research phases as initially desighieeh, the third part provides
information about the research context as welhagésearch participants. In the
fourth part, data collection and analysis methodsdéscussed. In the last part of the

chapter, trustworthiness of the research is empédsi

Research Paradigm: Naturalistic Inquiry

Research paradigm is referred to as a systenstaf ®ntological,
epistemological, and methodological beliefs whichased by any researchers as
criteria to determine how an object of inquiryasrhulated and tackled theoretically
and methodologically (Lincoln and Guba, 1985). dueation, there are two different
research paradigms most widely used to conducareisescientific (or positivist) and
naturalistic paradigm (Husen, 1997). The formena&leled after the natural sciences
(e.g., chemistry and physics) emphasizing thabthect of inquiry can be fragmented
and made independent from the researcher to bedttiche latter is placed on a
holistic view of the object of inquiry that is imtelated to the researcher and other
things. As this research involves a group of teexhad the researcher engaging
together in collaborative action research, thenadigiic paradigm is considered as

relevant.

Naturalistic inquiry (Guba and Lincoln, 1981, Line@nd Guba, 1985) is
proposed against to prevalence of the scientifiagigm as an inquiry aiming to
investigate social phenomena with minimized attentgtmanipulate or control the

context where they occur. It is based on an onicéd@ssertion that a social
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phenomenon is embedded and has specific meanimggarticular context; therefore,
it is unlikely to understand that social phenomeimisolation from its context.
Furthermore, it is also asserted that naturalissearchers investigating a social
phenomenon are unlikely to separate themselves tlheraontext with the God’s eye
view. Neither can they break the phenomenon uppatts and nor absolutely avoid
their influence on it. Rather, they must immersentkelves in and become part of the

social phenomenon in order to understand it.

As naturally immerged in the research settingit@stigate a social
phenomenon, the naturalistic researchers regandstilges as the primary research
instrument, instead of relying on the use of nomhan instruments (e.g., paper-and-
pencil tests), in order to gather data stemmed fielu experiences of the social
phenomenon being studied. It is argued that ordyhtlman instrument is sufficiently
capable of grasping and evaluating meanings o$dlc&l phenomenon commonly
embraced by a set of social values. In doing son#turalistic researchers use direct
observations of the phenomenon, social interactiatisother participants involving
the phenomenon, and collection of artifacts geeerat the phenomenon as main
data resources. Then, they interpret or make mgamhthe field experiences using
both their tacit and explicit knowledge, and negi@itheir interpretations with those
made by the other participants.

In interpreting or making meanings of the date, naturalistic researchers
prefer an inductive process by which to discergoas embedded in the social
phenomenon being studied, rather than a deductoaeps of verifying a pre-
formulated theory or proposition. This is becausenaturalistic researchers are
aware that they are investigating the social phesram in its natural (mostly
complicated) context, so they can not know suffitiewell what kind of patterns are
likely. Therefore, the inductive process of meammaking is normally conducted
hand in hand with data collection as one infornesdthers and vice versa. Moreover,
the naturalistic researchers allow the researcigulés emerge, instead of following a
pre-designed research procedure, as they grachettigr understand the patterns of
the phenomenon being studied.
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In attempts to investigate a social phenomenann#iuralistic researchers
aim to produce research results in the form of kimay hypotheses” that describe the
phenomenon. By working hypotheses, they are mbantte research results are
bound intrinsically with time and context in whitiey are generated and that they
may not be generalized in other times and contéklss is opposed to researches in
the scientific paradigm aiming to make time- andteat-free results that are able to
be replicated in all times and contexts.) Therefatdization of the working
hypotheses depends on similarity between the comtexhich the working
hypotheses are generated (sending context) arabtiiext in which the working
hypotheses will be utilized (receiving context) aders have to determine the
relevance of the working hypotheses to be useldam teceiving contexts. In helping
them to do so, the naturalistic researchers aesitresponsible to provide sufficient
descriptions about the sending contexts. A modmseé reporting is considered as

appropriate for this purpose.

There are strategies used by the naturalisti@rekers to enhance credibility
of the research results or the working hypothdsesexample, it is strongly
recommended that the naturalistic researchers toamsest sufficient time to discern
both common and salient patterns of the social pimemon being studied, and to
ensure that another salient pattern is unlikelgrteerge. They should build trust and
rapport with the other participants in order toreh@nd negotiate different
interpretations of the phenomenon. It is also \&ugial for them to use multiple data
sources to “triangulate” their current working hyipeses. Moreover, the naturalistic
researchers are suggested to regularly exposertbrgent process of the research
with disinterested peers in order to test theietakor-grant assumptions and develop
more appropriate actions in the research settihgy re also required to record
tracks of the research process to show how thargseesults have evolved. These
strategies are used to ensure that the naturakest@archers’ personal bias are reduced

or, at least, taken into consideration.

Given the fact that naturalistic inquiry aims nwestigate a social

phenomenon in a particular context in very natarahners, however it does not
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mean that the naturalistic researchers can domgtbimanage the research context
in order to obtain a desired outcome. Rather, tayintroduce positive elements into
the context to increase possibility that the delsoetcome will happen. Or, they can
block negative elements that may exist in the cdnteading to a lower possibility
that the desired outcome will not occur. Howeveere is no guarantee that the
desired outcome must happen under this kind of ggmant. In the next section,
attempts by the researcher of this study to intcedrollaborative action research to
the research context as a positive element to pethe national science education
reform are described. Collaborative action reseaexpected to function as “a
springboard” (Lincoln and Guba, 1985: 251) at whachroup of physics teachers and

the researcher begin to learn together to imprdwysips teaching practices.

Overview of the Research Phases

This naturalistic research aims to examine paddsiland potential of using
collaborative action research, where a group oksyteachers and the researcher
come to work together to improve teaching practinggsponding to the national
science education reform policy, as an alternatmgroach to science teacher
development. The research consists of two consexpliases undertaken in each
semester of the 2008-2009 academic years. Thepheste is devoted to
understanding teaching practices of participarthees while the second phase
involves a developmental process of their engamiramd learning from collaborative
action research. An overview of the research phasemitially designed, since the
beginning of teacher recruitment is presented heftr.

Teacher Recruitment

At the beginning of the research (June 2008)ré¢searcher recruited a group
of physics teachers by sending an initial conta¢htee government secondary
schools, using information from a pilot study (Ladart and Roadrangka, 2008) that
explored situations of teaching and learning saatrfiigher secondary level in a
southern province of Thailand. The three schoolsewelected purposively based on
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“convenience sampling” (Patton, 2002: 241-242) heeaheir nearby location
allowed easy transportation and, then, could makalwration among the teachers
and the researcher more likely. The initial contaxttains the significance of the
research, research aims, and research questioves kent to each school, asking its
principals to inform physics teachers interestedrigaging in collaborative action
research for improvement of their teaching prastioeparticipate in the research. At
the end of this process (approximately one motitieye are four physics teachers
from the three schools becoming the research pgaatits. (Descriptions of them as

well as their school context are provided in théofeing section.)

Phase 1. Under standing Teaching Practice of the Teachers

The first phase of the research was undertakengltire first semester (July
to September 2008). It acted as the phase of “ptlarography” (Corsara, 1980 cited
in Lincoln and Guba, 1985: 251) at which the resear primarily aimed to
understand teaching practices of the teachers ewelap research relationships with
them before collaborative action research wasait@tl. Those understandings
afforded “a baseline of cultural accommodation exfidrmational orientation”
(Lincoln and Guba, 1985: 251) for the researchdtendollaboratively working with
the teachers. It was this phase at which the reseawas prepared to be more likely

to sensitize what happened during engaging in lootktive action research.

In doing so, the researcher immerged himself witantexts in which each
participant teacher taught in order to gain und@dings of their teaching practices.
Without attempts to manipulate the research seidtitig researcher acted as a non-
participant observer to collect data through classr observations with permission
for video- and audio-recording and a collectionnstructional materials. Based on an
assumption that teaching practices of an individeather is a result of an ongoing
process by which he or she has made meaning ofierpes through involvement in
the schools, each of the participant teachers’&ilutal background, conceptions of
science, and conceptions of teaching were alsatate consideration. These data
were then analyzed using an interpretative pro¢Bsga collection and analysis are



53

discussed in detail at the end of this chapter.)

At the same time of attempts to understand teagbriagtices of the
participant teachers, the researcher graduallyldped research relationships with
them through interviews and informal conversatidnaas also expected that the
teachers as well as their students gradually nteetagelves more familiar with
gualitative research methods (e.g., being obsesmeldecorded) and would act more
naturally when collaborative action research wagiban the next semester. Despite
the fact that development of human relationshiga/éen two people usually needs a
long good time of interactions, only one semest@onsidered as appropriate for this

research when its one-year duration was considered.

Phase 2: Engaging in Collaborative Action Research

After one semester of the first phase, the reseaialtiated collaborative
action research with the teachers. The use oflzmiédive action research is based on
an assumption that knowledge is situated in thehea’ classroom experiences and
can be acquired through critical reflection. Knaodge acquisition can be enhanced
particularly when the teachers share their refbecwith others. This assumption is
radically different from that of the traditionakteher development approach that the
teachers have to acquire knowledge from outsidbentlassrooms before applying it
in the classrooms. Herein, relevant features daborative action research conducted

in the second phase of the research (October 2G@®ruary 2009) are highlighted.

Reflective Feature

Collaborative action research is considered as@drse where the teachers
and the researcher come to meet on a regularibasider to reflect on particular
classroom situation(s) and share relevant persgectit is the discourse where the
teachers and the researcher, with a range of expas and perspectives, come to
make meanings of the classroom situation in ormegatn better or even new

understandings of it. The meanings made will Iéedtéachers and the researcher to
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seeking appropriate actions to be taken for imprea of the classroom situation.
Once some action is taken, its results are brob@tit by the acting teacher into the
discourse for further reflection and improvemertu3, an action-reflection cycle

within the discourse became a key feature of coliafive action research.

Collaborative Feature

As in its name, collaboration is highlighted dees feature of collaborative
action research. It is embedded within a proceshalfing reflection and perspectives
on classroom situations as well as that of makoilgctive decisions for appropriate
actions to be taken. In this sense, collaboratamrdccoccur both among the teachers
(Feldman, 1996) and between the teachers andsbkaneher (Bairet al., 1987).

Both types of collaboration are preferable. Howgethex researcher tends to focus
more on contributing “policy” and “theoretical” mgrectives into considerations of
the teachers. It is expected that those perspsdiireelikely to foster the teachers to
better understand and then improve their classrsitimtions as it is framed at the
outset that collaborative action research aimsiwrove teaching practices of the

teachers to be more consistent with the nationahse education reform policy.

Evolutionary Feature

In initiating and embedding collaborative acti@search within the context of
the teachers, it is very important to adjust itsvétees into the teachers’ everyday
school work which sometimes is already overwhelmBigce many action research
models are prescriptive and “not necessarily repriagive of the realities” (McNiff
and Whitehead, 2002: 52), following those modajenously may disturb the
teachers’ work schedule and not create an envirahthat supports teacher learning.
Based on this very fact, a generative transformatievolutionary process, as shown

in Figure 1, is considered as appropriate in thsgarch.
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Figure1l A generative transformational evolutionary pracesaction research
Source: McNiff and Whitehead (2002: 57)

McNiff and Whitehead (2002) propose this actiosesach model as they
consider it “more appropriate to the fluidity angpuedictability” (p. 52) of actual
situations. They argue that “it is possible (fag teachers) to begin at one place and
end up somewhere entirely unexpected” (p. 56). foeg, the teachers are
sufficiently flexible to pursue interests and urgdlandings as emerged within the
discourse. This model was successfully implememteshother local context of Thai
teachers with little adjustments (Sahasewiyon, 2004

Empowering Feature

Implicitly in all previously mentioned features abllaborative action
research, the teachers are empowered to contrtérttoend process of collaborative
action research discourse. Although the resealdm®set a framework of
collaborative action research to focus on the natiscience education reform policy,
it does not mean that the policy guidance will dodythe foci of the discourse.
Rather, the policy guidance acts as a resourcethed (or could not) help the
teachers better understand their classroom sitgtlodeed, the teachers are in

charge of the discourse of collaborative actioeaesh.
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Resear ch Setting

The research took place in a southern provindeéhafland. It is located over
800 kilometers far away from Bangkok by the maneatn road. Its area covers
almost 5,000 square kilometers besieged by neadwres and 120-kilometer long
coastThe province consists of 10 districts. Its ovepalpulation is approximately
600,000 with a variety of religions (85% is Buddhis4% is Islamic; and 1% is
Christian and others). Most population gain inconmanly from agriculture, fishery,
tourism, and some agriculture- and fishery-basddstries. The income per capita is
approximately 97,000 Bath. The province has 2 eiitutaervice area offices; each
covers 5 districts. In 2008, both education seraiea offices govern 311 basic
education schools serving over 86,000 studentyveSudata by the offices indicate
that 100% of children population enrolls primaryeation, and 95% of those

completed primary education continue secondary achrt

The research was undertaken at the in the ¢elnstact of the province,
which is governed by the first education serviamaasffice. In this district, there are
overall six secondary schools serving approxima@edp0 students (5,000 are 7-9
graders and 4,000 are 10-12 graders). Survey gdtaeloffice in 2007 indicate that
higher secondary students in the district are usityebound; 99% completed
secondary education continued to study at the wsitydevel and only 1% went to
work. Only three of them, which are located 10-il6rketers away from each other,
involved the research. The normal organizatiorralcstire of all secondary schools in
the district is based on two-semester system paar. ¥&ch semester takes
approximately 18 weeks. Normally, the first semespans from June to September
while the second semester spans from Novemberkinu&ey. The school system

outlines holidays associated with religious days/a as Royal holidays.

Participants and Schools

Four physics teachers from three government secgrsthools participated
in the research. They included two experienced fesnane beginning female, and
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one beginning male. Two of them (Mrs. Rattana arsd JAntra) were respondents of
the pilot study, who showed interest to participatthe research. The other two
teachers (Mrs. Darika and Mr. Sakchai) volunted¢oeplarticipate after they knew
about the research from their colleague. Descngtif the teachers and their schools

were provided using pseudonyms.

Mrs. Darika

Mrs. Darika was a physics teacher in a school ehvision is “enhancing
students' ability in science, technology, and eninent” (School Website, 2008). In
the 2008-2009 academic years, student populatieaapproximately 1,150. The
school consisted of 15 lower secondary (grade dle®ses and 15 higher secondary
(grade 10-12) classes. All higher secondary classes science stream, emphasizing
on science and mathematics. A number of studemtslggs were fixed at 36. There
were 65 teachers in the school including 16 sci¢éeaehers (10 females and 6
males). Mrs. Darika is one of five physics teacl{@riemales and 3 males). In
addition, there are laboratory boys/girls who heasponsibility to prepare and
maintain laboratory equipment for science teachatsbe teaching assistants, if
requested, during class hands-on activities. Theddad a wide range of facilities
such as air conditioners, televisions, overheageptors, laboratory rooms, computer

rooms, a library, and sport equipment.

Mrs. Darika was 52 years old with a bachelor degreslucation (physics
teaching). She had taught science in lower secgreeel for 26 years and received a
reward as an outstanding teacher (so-called sjma@akKor-Sor-Sam teacher). At the
time the study started, it was her fifth year oygfibs teaching. She taught grade 10
physics, grade 11 science project, and non-scigmgjects (Boy Scout and
homeroom), resulting in 16 fifty-minute periodste&ching load per week. Besides
teaching, she had responsibility to keep recordsse of equipments and materials in
the school. During last two years, she attendesbegsional development program
about doing classroom research. As an outstandaxher, she was selected by the
education service area office to assess otherczi@achers’ classroom research.
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Mrs. Rattana

Mrs. Rattana taught in a long-standing school whasien is “educating
students to have habits of learning, virtue, moratind desirable characteristics”
(School Website, 2008). In the 2008-2009 acadewses, student population was
approximately 2,700. The school consisted of 33slosecondary classes and 33
higher secondary classes. Twenty-four higher seamyntiasses were science stream
while the other nine classes were non-sciencemtremphasizing on social studies,
language, and art. A number of students per scistteam class were approximately
at 47. There were 111 teachers in the school imadutls science teachers (9 females
and 6 males). Mrs. Rattana was one of five phytsiashers (3 females and 2 males).
The school had adequate facilities such as faherddory equipments, computer

rooms, a library, and sport equipment.

Mrs. Rattana was 36 years old with a bachelorekegr education (physics
teaching) and a master degree in science edudatigysics). She had 14 years of
physics teaching experiences; 12 years in a reargdary school and 2 years in the
present school. At the time the research startexltaaight grade 10 physics and grade
12 physics, resulting in 16 fifty-minute periodsteéching load per week. Besides
teaching, she had responsibility to keep recordduafent information. During last
two years, she attended a professional developpregtam about informal science

teaching, authentic assessment in science, and dt@iasroom research.

Ms. Jantra

Ms. Jantra taught in a school established to secreasing population in the
province. Its vision is “developing students in @cling to the educational standards
based on being Thai” (School Website, 2008). Studepulation was approximately
1,400. The school consisted of 18 lower secondasses and 15 higher secondary
classes. Five secondary classes were science strigidgrthe other ten classes were
non-science stream. A number of students per seistieam class were

approximately at 46; however, one class had 5lesiigd There were 57 teachers in
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the school including 7 science teachers (5 fenabels2 males). All two physics
teachers in the school participated in this stilithg lack of science teachers was
limitation of the school, resulting in a smalletioabetween science-stream and
overall classes than that of the other two schddis.school had some facilities such
as computer rooms, library, and sport equipmentdwer, it was inadequate in

laboratory equipments.

Ms. Jantra was 26 years old with a bachelor deigreeience (physics) and a
diploma degree in science teaching. She was aashgb student in the Project for
the Promotion of Science and Mathematics Taleneaatiiers (PSMY supported by
the IPST. She started her teaching professionrferamd a half year. She taught grade
8 science, grade 10 physics, grade 11 physicspamcience subjects (Boy Scout
and homeroom,) resulting in 20 fifty-minute periadgeaching load per week.
Besides teaching, she had responsibility to prostddents advices for future
education as well as seek financial supports femthDuring last two years, she
attended a professional development program abbEsanquiry cycle, authentic

assessment in science, and doing classroom research

Mr. Sakchai

Mr. Sakchai taught in the same school as MsrdaHe was 25 years old
with a bachelor degree in education (physics teaphHe had 2 years of physics
teaching experiences; 1 year in the same schddiasRattana and 1 year in the
present school. As the school lacked of scienaehtra, he worked in the school as a
non-government teacher under a year-by-year cdantiactaught grade 9 science,
grade 10 physics, grade 12 physics, and non-scergjects (Boy Scout and
homeroom), resulting in 21 periods of teaching Ipadweek. Besides teaching, he
worked in the academic department of the schodl nat specific tasks; he had to do

all of what he was requested to do. During last years, he attended a professional

! PSMT is a project for the Promotion of Science Btadhematics Talented Teachers launched by the
IPST. It provides a five-year scholarship for stuidevho complete secondary education and plan to be
science or mathematics teachers. Students takedaus for a bachelor’s degree in science or
mathematics and one year for a teaching diploma.
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development program about a 5Es inquiry cycle andglclassroom research.

Data Collection

As previously mentioned, the naturalistic researstincluding the one of this
research regard themselves as the primary resgetchment to explore and
understand a social phenomenon while they aresimebearch setting. In doing so,
they can utilize some particular methods to acqd@t@ from both human and non-
human sources. In this research, the researchérteaeher interviews, classroom
observations, and group discussions to obtain chatia from the human sources. He
also collected documents used in classroom a&s/(g.g., instructional materials and
copies of student work) as well as informationalidee (e.g., posters in the
classrooms) to get additional data from non-huntamces. Moreover, he regularly
kept journals during the research and asked thecipant teachers to do the same, so
the journals were used as supplementary dataidrséietion, each data collection
method is overviewed before its specific use imeasearch phase is detailed.

Interview

Interview is defined as a conversation with a psg(Dexter, 1970 cited by
Lincoln and Guba, 1985: 268). It has been usedlwidesducational research for
many purposes (Lincoln and Guba, 1985; Keats, 1B8itpn, 2002). Basically, it is
used to understand a social phenomenon from perggeof research participants; it
unfolds meanings that the research participantserfradh their experiences of the
phenomenon. In this research, interviews are usedderstand what the teachers do
in their classroom and why they do that from tipeirspectives. That is, through the
interviews, the researcher can have access to¢haings of the teachers’ classroom
actions. In addition, the interviews are used tdrpg the past experiences of the
teachers. They are also used to check credibilitheworking hypotheses or the
research results with the teachers as well as tséé for doing triangulation with
other data (Lincoln and Guba, 1985).
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There are many types of interviews based on hey #ine conducted. The
main distinction is placed however on its strudteaatinuum. According to Lincoln
and Guba (1985), the structured interview, wheeeitkerviewer knows what he or
she does not know and can formulate an approméates of questions to find it out,
is placed on one end of the continuum. The inteveeis expected to answer those
guestions in terms of the interviewer's framew@nk.the other end of the continuum,
the unstructured interview is a mode of intervievwhich the interviewer does not
know exactly what he or she wants to say or elidius, questions emerge from the
immediate context and flow naturally as a procdssteraction or communication
between the interviewer and the interviewee. Tiei-structured interview is placed
between the two ends of the continuum where itye@ational content depends on
the interviewee's responses to an issue or issoasdlly raised or outlined by the

interviewer (Patton, 2002).

In addition to the structural distinction, integwis can be classified depending
on their degree of overtness (Lincoln and Gubabl98covert interview is a mode
of interview where the interviewee does not knowohshe is being interviewed or
does not know the true purpose of the interviewlevaan overt interview refers to the
opposite (Guba and Lincoln, 1981). The interviethers has to decide to what extent
the interviewee should be informed about the pwemdsnterview based on ethical
principles and the degree of distortion that mgttur when the purpose of the
interview is overt. Moreover, an interview can lessified into many types based on
the relationship between the interviewer and therimewee (either positive or neutral
or negative). Furthermore, an interview can be ootetl by either a team of
interviewers or an individual interviewer who mighterview either a group of

respondents or an individual one.

Interviews are conducted differently and the farcen change over time
depending on their purpose, manner, and the ieees (Patton, 2002). For
example, an unstructured interview might be corellicivertly in order to understand
the teachers’ perspectives of their own actiorthéir classroom while the structured
interview might be conducted covertly, to some degm order to triangulate with
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other data. The researchers can combine diffenéeview approaches while
conducting an interview (Patton, 2002). For examibley might prepare some exact
guestions for interviewing some aspects as wellea®rate questions spontaneously
for other aspects while the interview is being asetdd. In this research, interviews
will usually be unstructured and overt becausdehehers and the researcher work
closely and collaboratively in natural settingsdtly, the researcher and the teachers

could consider one another as peers when conduotenyiews.

Observation

Observation is a powerful research method thah#teralistic researchers
immerse themselves in the context in which a sgti@homenon being studied
occurs. Being naturally in the research contexivadl the naturalistic researchers to
have “here-and-now experience” (Lincoln and Gul@85t 273) of the social
phenomenon being studied, so they are likely telbgpvdeep understandings of its
context. In this regard, the naturalistic researxiéo become a part of the
phenomenon are likely to grasp “motives, beliefsiaerns, interests, unconscious
behaviors, customs, and the like” (Guba and Lincd881: 193) shared by those
participating in the phenomenon. Moreover, obsé@matallow the naturalistic
researchers to seek addition related informatiomfother data sources within the
context (Patton, 2002). Similarly to the interviekservations can be classified into

many types along a continuum, depending on ther@itised.

Based on the degree of participation, for exangddservations can be
considered on a continuum between participant amdparticipant (Lincoln and
Guba, 1985). On one end of the continuum, thepaugcipant observation, where the
naturalistic researchers participate and do actg/is a member of the group while
conducting observation. They have two roles as bb#ervers and participants
simultaneously. Through this emic mode, the reseascare allowed to experience
events and behaviors with insiders’ eyes, evenghatumight be unlikely for them to
capture all events and behaviors happening ingh&gt. On the other end of the
continuum, non-participant observation, the redeacplay only the observer role.
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The researchers keep a distance away from theiparits and observe them in order
to avoid observational disturbance—although, asréess in the naturalistic paradigm,
interaction and influence between the non-partiimdoservers and those being
observed still inevitably exists. The researchars @abserve events and behaviors with
a broader view when compared to participant obsernvaNevertheless, the
researchers can experience events and behavidrowgiders’ perspectives (the etic

mode).

Observation can also be placed on the overt-coostinuum (Guba and
Lincoln, 1981). On the overt side of the continuding researchers could ask
permission and fully inform the participants abthé observation. Conversely, on the
covert side, the researchers could pretend todaetecipant in the group without any
announcement and, at the same time, observe whapgening in the group. Like an
interview, the researchers have to make decisibostaheir observational role as to
what extent it should be overt, based on ethidakples and the degree of distortion
and influences that might occur when the partidip&now they are being observed.
Guba and Lincoln (1981), however, asserted thatatcasionally impossible to
observe the participant without their awarenesspeaation, and consent. As a result,
overt observation with trust and rapport betweenrésearchers and the participants
is recommended (Lincoln and Guba, 1985).

In addition, observation can be placed on thecaired-unstructured
continuum (Guba and Lincoln, 1981; Lincoln and Gul&85). Structured
observation is a systematic mode in which the rebeas know what they do not
know and try to observe it in advance based omaeutual framework formulated
before observations are conducted. Structured w@en mainly aims at verification.
On the other hand, unstructured observation isadgstematic mode in which the
researchers do not fully know in advance what thagt to focus on or pay attention
to. Rather, the researchers broadly observe eaadt®ehaviors in order to seek or
discover salient features happening in the confxtictured and unstructured
observation might thus relate to narrow-focus am@d-focus observation
respectively (Patton, 2002).
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Observations are conducted diversely and can ehavgr time, depending on
the purpose and situation. Participant observafmrinstance, could be conducted
when the researcher and the teachers are engagbotjaborative action research
because in that situation the researcher has yaglas of both the facilitator and the
researcher simultaneously. On the other hand, aotcgant observation might be
conducted when the researcher visits the teaatiassroom and observes their
teaching practices in order to avoid disturbanceake an influence on student
learning. However, both group meetings and classrobservations are overt and the
teachers and their students are informed of thearel purpose. Unstructured
observation might be conducted in the early stafése study. More structured
observation could later follow when the researdtees some working hypotheses and
needs to investigate them in advance. Observasien#exibly conducted in order to
“yield the most meaningful data” (Patton, 2002: Pbased on ethical principles.

Nonverbal Communication

During interviews and observations, the naturialigsearchers also pay
attention to nonverbal communication. Accordingsiaba and Lincoln (1981),
nonverbal communication is defined as “the exchasfgeformation through
nonlinguistic signs” (p. 215) such as body moversggéstures, body-orientation,
facial expressions, timing, physiological signgateon pacing, and implicit verbal
indicators. These could provide the naturalisteesgchers with a sense of the
relationship between them and informants, theigeiahip among research
participants, and the informants’ feelings aboentiselves. However, because
interpretations of nonverbal communication can \degending on the researchers’
inference and the informants’ cultural values aalitis, nonverbal communication
has to be used as a supplement to other data timtienethods rather than an

independent one. It is used to test for dissonageest data from other sources.
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Related Documents and Unobtrusive I nformational Residues

In naturalistic inquiry, related documents arefulsgources of information
(Lincoln and Guba, 1985). Even though they are feastive than human sources,
they are often available at a low cost, stablelagdlly unassailable, and contextually
rich and relevant. Related documents can be dledsifto many types depending on
the criteria used. The main distinction is theurse, which can be divided into
primary and secondary (Lincoln and Guba, 1985mRBry documents are referred to
as documents that are generated from firsthandriexyges of a particular situation,
while secondary ones are like hearsay later gezefedm primary documents. In
addition to their types, related documents canibe&ed as solicited and unsolicited;
comprehensive and limited; edited and completenedited; anonymous and signed

or attributable; and spontaneous and intentionabgGand Lincoln, 1981).

Unobtrusive informational residue is an alternaithoice of data sources that
can be used by the naturalistic researchers. Aoaptd Lincoln and Guba (1985:
279-180), unobtrusive informational residue reter§nformation that accumulates
without intent on part of either the researchertherteachers to whom the
information applies.” These kinds of data souraas lze used in a manner that
reduces reactivity and sensitivity that might othiee occur as a result of
measurement (Guba and Lincoln, 1981). Physicaésrée.g., learning resources
available in the school) can be used as indicatoeglditional information related to a
teacher's teaching practices or instructional dietg; for example. Both related
documents and unobtrusive informational residuebsansed to triangulate with

other data sources.

Field Journals

The naturalistic researchers often keep fieldrjalduring being in the
research setting. The field journals include adbday-to-day activities, a personal
log, and a methodological log (Lincoln and Guba83:281). The log of day-to-day
activities is like a calendar of appointment notwlgat the naturalistic researchers do
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at a particular time, day, and place. The perslagais used by the naturalistic
researchers to reflect on their notions, feelistgtes of mind, and expectations in
relation to what is happening in the researchregtin addition, the personal log is
used by the naturalistic researchers to show anea@ss of their own bias and to
note working hypotheses emerging in their mind. ifeghodological log is utilized
to record all methodological decisions made in etaoce with the emergent design.
It can be used for tracing how the research resultse working hypotheses have

been evolved.

Group Discussion

In addition to data collected by the methods noer@d above, conversations
within the discourse of collaborative action reseaamong the participant teachers
and the researcher are used as main data addrasgiagicular to the second
research question. It is the data from the teatbensributions to the discourse that
allow the researcher to focus upon how the teadmgage in and learn from
collaborative action research. Moreover, the dattenfthe group discussions can be

used to triangulate with other data collected lheoimethods.

Data Collection in Phase 1

In the first phase of the research, the reseahezd to understand teaching
practices of the participant teachers before colative action research between him
and the teachers was initiated. This phase wasriake® in the first semester of
2008-2009 academic years during July to Septen@B.2lhe researcher began to
collect data related to teaching practices of #mtigipant teachers using individual
semi-structured interviews about their educatidr@akground, their conceptions of
teaching, and their conceptions of science. Data fthe interviews were considered
as meanings about science teaching that the tesaeheln have constructed based on
their experiences in the school of science. THemrésearcher used the interview data
were as a referent while observing teaching prestaf the teachers. In this regard,
the researcher was likely to understand teachiagtiges of the teachers from their
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perspectives (the emic mode).

In doing so, the researcher developed interviem# (see Appendix A) in
order to obtain data related to the teachers’ a@dce background, conceptions of
teaching, and conceptions of science. Before tteeviews, the teachers were
informed the purpose of the interviews and encaenldg provide information as
much as possible without feeling of being evalualdeir permission for audio-
recording was also asked for reviewing and trabsayi The interviews of each
teacher were conducted two times in order to mikéuration not too long. The first
interview focused on educational background anaeptions of teaching, while the
second one focused on conceptions of science fAtlecinterviews were undertaken
at the teachers’ lounge during the school time pixbl. Sakchai’s first interview that
was undertaken after the school time at his reseleBach of the first interviews took
30-50 minutes except the one of Mrs. Darika talaagr one and a half hours since
she was very enthusiasm to provide personal infoomal he second interview of
each teacher took shorter time than did the finst @his was because the teachers
were less confident to express their conceptiorsxi@ice; some of them sometimes

denied doing so. Details of the interviews areipad in Table 1.

Table 1 Details of interviews about the teachers’ edweeti background,

conceptions of teaching, and conceptions ohseie

Teacher Interview Date Place Time (min)
_ First interview July 8, 2008 School 92
Darika
Second interview July 292008 School 32
First interview July 16, 2008 School 34
Rattana _ _
Second interview July 352008 School 17
First interview July 1%, 2008 School 38
Jantra _ _
Second interview August™52008 School 32
_ First interview July 9, 2008 Home 50
Sakchai

Second interview July 302008 School 14
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In addition to the initial interviews, the resdagc aimed to visit the teachers’
classroom on a regular basis in order to obsemie titaching practices. In doing so,
the teachers each were asked to select one ofpifngsics classes with which they
were most convenient and comfortable for persistlEssroom observations. As a
consequence, Mrs. Darika, Mrs. Rattana, and Mrclsaikselected their grade 10
physics class while Ms. Jantra preferred her giddeghysics class. With agreement
between the teachers and the researcher, classtosemnvations for each teacher were
initially planned to be undertaken at least oneeeak. However, due to school
activities, student learning assessments, and ¢e@cimferences, some of the planned
classroom observations were skipped by the teagitals a few unexpected ones
were added. As a consequence, there were a diffiesember of classroom
observations among the teachers. Table 2 outlietslsl of classroom observations
undertaken for each teacher. Most classroom obsemgaook two periods (100

minutes), but a few took one period.

Table2 Classroom observations undertaken in the firasph

Total Classroom Obser vations
Teachers
Number Date Period Key Content
July 23°, 2008 2
. Classical mechanics (e.g.,
August 4", 2008
one-dimension motion,
August 11", 2008 y
Darika 6 Newton'’s laws, friction,

August 25", 2008
September®, 2008
September'8 2008
August 7', 2008
August 14, 2008
Rattana 5 August 28', 2008
September %4 2008
September 1) 2008

and mechanical

equilibrium)

Mechanical equilibrium

Wave/ Heat

Radioactive decay

E4onol NN NN N NN

Nuclear reaction
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Table2 (Continued)

Total Classroom Observations
Teachers _
Number Date Period Key Content
August 3", 2008 2

Temperature, heat, and gas

August 19', 2008

August 26', 2008
Jantra 7 September'§ 2008
September 1% 2008
September 1% 2008
September 2% 2008

July 30", 2008

August 6", 2008

Sakchai 5 August 20", 2008
September '3 2008
September 17 2008

behaviors

Wave and its properties

Force and motion

Magnetic force

Wave and its properties

N N N N NN N PN

Radioactive decay

" This classroom observation was undertaken in degt2 physics class instead of a

grade 10 physics class.

In the first classroom observation, the teachec @aroduced the researcher
to their students but not informed them the redeptopose. Usually, the researcher
sat at the back of the classroom (behind the stajleiith a video- and audio
recorder, and not moved himself to other placat@iclassroom until the teachers
finished their instruction. Despite the fact tHa¢ tresearcher aimed to understand
teaching practices of the teachers from their patspes, he as an outsider was
unlikely to leave his perspectives while conductitegssroom observations.
Therefore, he utilized the etic mode of observatjamstead of trying to leave it, by
considering the teachers’ content representatiotesactions with students,
instructional strategies, and student learningssssents through his perspectives,

and then shared those with the teachers. Durirsgidam observations, the
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researcher avoided taking notes in order to notentlaé teachers feel like being
evaluated. However, he collected instructional maused for reminder and later

analysis.

Data Collection in Phase 2

The second phase of the research involved théeesand the researcher
coming together to engage in collaborative actesearch, which was initiated to
promote their learning to improve teaching practiaed classroom situations. As
previously defined, collaborative action researchhis research was considered as
discourse where the teachers and the researcheegudrly in order to reflect on
particular classroom situation(s), share relevansgectives, and seek appropriate
actions to be taken for the improvement. As bemthe discourse as one of its
members, the researcher was able to have accessrdatged in the discourse and

examine how the teachers engaged in and learneditro

However, it was important to note here that thety were the two beginning
teachers (Ms. Jantra and Mr. Sakchai) participatirapllaborative action research
since the two experienced teachers (Mrs. DarikalMrsd Rattana) withdrew from the
research after the first phase. Mrs. Darika hadadth problem, so she had to receive
treatment three days a week. Due to a busy schdduie Rattana preferred to do
action research individually; she got this idearfra “classroom research” conference
to which she attended during the first semestetdi3eof the conference are
discussed more in Chapter V). As a consequence tiere overall three participants

of collaborative action research (Ms. Jantra, Mik@®ai, and the researcher).

The discourse of collaborative action researcheeaslucted throughout the
second semester during October 2008 to Februarg. 20@wever, there was no a
fixed schedule of meeting among the teachers andetfearcher because they had
difficulties finding an appropriate time that fittén their crowded schedule; Mr.
Sakchai sometimes had to do urgently assigned tsst®ll. Therefore, each meeting
depended on making arbitrary appointments, whichetimnes occurred out of the
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school time. Despite the fact that the researciet to maintain a close liaison with
the teachers, there were some meetings to whiclofoihem could not attend. Table 3
outlines all the meetings occurred in the secorasehlt should be noted that the
meeting occurred in different places such as thedal¢ restaurants, and Mr. Sakchai’s
residence. Data from the audio-recorder indicatatléach meeting took

approximately one to two hours.

Table 3 Meetings during engaging in collaborative actiesearch

Participants Recorded Duration
No. Date
R J S (hr:min:sec)
1 October 1%, 2008 (morning) v v v 2:14:51
2 October 1%, 2008 (afternoon) v v v 1:35:24
3 November 16, 2008 v v & 1:23:13
4 November 1%, 2008 v v v 1:04:35
5 November 26, 2008 v v v 1:51:56
6 December 8 2008 v v v 1:17:09
7 December 18 2008 v v v 1:28:38
8 December 29 2008 v v v 1:31:27
9  January 12, 2009 v v - 0:43:22
10  January 1% 2009 v v v 1:28:35
11 January 19 2009 v v v 1:05:17
12 January 27 2009 v v v 1:35:44
13 February %, 2009 v v v 1:56:16
14  February 12, 2009 v v v 1:22:00
15  February 18 2009 v v v 1:17:19
16  February 19 2009 v v v 2:37:09

"R means the researcher; J means Jantra; and S Sedaisi.

The data collected in the second phase were miorty the discourse whose
content emerged according to the teachers’ inrésr example, the teachers and
the researcher spent time to explore and negdbiatepedagogical concerns, reflect
on classroom situations, prepare lesson plansjsksabout particular physics
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content, and diagnose student work. It was thetFattcontent of each meeting varied
and interrelated, so it was hard to identify whecimtent was the main focus of the

discourse. The audio-recorder was used to recortkénbof the discourse for analysis.

The researcher continued to visit the teacheasstbom in the second
semester. Classroom observations were usually takeer at least once a week,
particularly after the discourse, in exception tihat teachers asked for postponement.
In observing the teachers’ classroom, the reseamshed to follow up whether and
how the teachers used insight gained from the diseoin their classroom and to
have first-hand experiences of classroom situatiomsder to facilitate the teachers’
reflection as well as share his reflection withnthén the second semester, the
researcher was known by the students, while headgasable to remember some of
their name, so the students acted more naturally tirey did in the first semester.
Therefore, the researcher was able to act as igipartt observer who sometimes sat
in a group of the students working on an assignrardtverbal interacted with them.
Moreover, he sometimes was a teaching assistdnie Feoutlines details of

classroom observations undertaken in the secondstem

Table4 Classroom observations undertaken in the secbhasiep

Total Classroom Observations
Teachers _
Number Date Period Key Content

November 28, 2008 2 Momentum
December %, 2008 Collision

December 18 2008 Work
January 14, 2009

January 18, 2009 _ N

Jantra 10 Force diagram writing

January 2%, 2009
February 12, 2009
February 18, 2009
February 18, 2009

Mechanical equilibrium

2
2
1
2
January 21, 2009 1
2
1
2
1
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Table4 (Continued)

Total Classroom Observations
Teachers
Number Date Period Key Content
November 18, 2008 2 ,
Sound production

November 2%, 2008 0.5
December %, 2008 Natural frequency

Sakchai 7 January 18 2009 Light and shadow

February 18, 2009
February 1%, 2009

Light ray diagram

2
2
January 27, 2009 2 Reflection of light
2
2

Image formation

" This unexpected period was a special time thatl&sikised to repeat the same

content (sound production).

At the end of the research (February 2009), tekearcher also used individual
semi-structured interview to collect data relatedhie teachers’ perceptions about
their own learning during engaging in collaboratacion research. The interview
items are shown in Appendix B.

Data Analysis

According to Lincoln and Guba (1985), data in maligtic inquiry can be
viewed as constructions stemming from the inteoastibetween the researcher and
the data sources during he immerses himself ingbearch setting. In this regard,
data analysis is a process of reconstructing thosstructions in order to make them
more meaningful and explicit for the researcher athérs. Differently from the
scientific paradigm, naturalistic data analysigigeneral an ongoing process
conducted hand in hand with data collection. &nsnductive and constructive
process that begins with the data, not a priorrihddoreover, units of data analysis
are not predefined for enumeration but derived froeanings of the data as
interpreted by the researcher. Lincoln and Gub&Z{}) 8escribed the process of data
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analysis for naturalistic inquiry as tasks of wuziitg, categorizing, filling in patterns,
and member checks. This process is also calledcthstant comparative method”
(Glaser, 1965; Boeije, 2002).

Unitizing is referred to as the first task of natlistic data analysis, whose aim
is to “label (the data) with the most appropriatees” (Boeije, 2002: 395). In doing
so, the researcher sorts all raw data (e.g., trgmiens of interview, discourse, and
classroom observation) into a number of incidentsodles, which are the smallest
units of information that can still provide the eascher with sufficient meaning of
events or actions even in the absence of any atf@mation of a broader
understanding. The incidents or codes might rarma bne sentence to one
paragraph. Then, each incident (together withaitel of data collection technique,
type of respondent, date, time, and site) is ireggmoted on an index card. These
index cards are collected as representations ofiedavdata for the next task of data

analysis (i.e., categorizing).

The main tasks of categorizing is to construct/fgional categories in which
some index cards apparently related to the sanmtemiocan be put together, to devise
rules of inclusion that describe the propertiesaxth provisional category, and to
render these provisional categories internally =test. In doing so, the researcher
reads each index card’s contents in order to déterrbased on his tacit knowledge,
whether or not the contents of those cards “lo@k/&tike” (Lincoln and Guba, 1985:
348). If they do, the researcher groups the sanessantial similar content cards in
same constructed provisional categories. If thepatp however, the cards are placed
into a miscellaneous pile of cards for a later gatzing process. When there are
sufficient cards in a constructed provisional catggthe researcher generates a
propositional statement describing the propertfabat category and devises the rules
of inclusion for its cards. The propositional staént and the rules of inclusion have

to characterize all cards contained in the category

When all the index cards have been categorizedgdearcher needs to

review the miscellaneous cards again in order &xklif they fit the propositional
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statement and the rules of inclusion for some gional category. If they do, they can
be assigned to that category. If they do not, h@nehe researcher might need to
discard those cards as irrelevant. Neverthelesssiiggested that the discarded cards
should not exceed more than 5 to 7 percent ofaatisto ensure that the current set of
categories are not deficient. In addition, the aesleer needs to review the current set
of categories to make sure that those categoriemtoverlap with or are not subsets
of each other. The categories necessarily arenallgras homogeneous as possible
and externally as heterogeneous as possible. Meregawy card must not be assigned

into more than one category.

The task of filling in patterns means that theeegsher might need to pursue
subsequent data to order to fill possible incongpiess in the current set of
categories. Based on the patterns in the curreéf sategories, the researcher might
feel the absence of some categories or some infammand decide the gap needs to
be filled, leading to the construction of unknowrabsent categories, making
connection among current constructed categoriespeyposing possible new
information to verify the existence of those categ®(Guba, 1978: 59 cited by
Lincoln and Guba, 1985: 349-350). The processlinidiin patterns and revising the
categories is continued until the researcher fibelslata collection and analysis can
stop. Guba (1978 cited by Lincoln and Guba, 198®&) 3uggested four “stop signal”
clues, including the exhaustion of sources, saturaif categories, emergence of

regularities, and overextension.

The researcher needs to review the entire catesgt once again to ensure
that nothing has been overlooked. Moreover, itdse aecessary for the researcher to
do member checks of the entire category set wipaedents. In other words, the
researcher's reconstruction of the set of categoeeds to be taken back to the
respondents for their examination and reactiondAth analysis processes are
necessarily kept track of data manipulation. Fetance, raw data, transcriptions of
interview, discourse, and classroom observatiatexrcards representing the
incidents, development of provisional categoriggetber with their propositional
statement and the rules of inclusion, and theestt of categories are essentially
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recorded.

Data analysisin Phase 1

In the first phase of this research, data analyas done with the aim to
categorize key patterns of teaching practicesldhalfour participant teachers. At the
beginning, the researcher transcribed and codemtéiew data of each teacher in
order to identify his or her conceptions of teaghmd conceptions of science. These
identified data were then used as a referent igstbom observations. Following the
process described above, data from classroom aligers were transcribed and
coded within the case of each teacher in ordeategorize key patterns of his or her
teaching practices. Then, cross-case analysisallasved to generate broader
categories covering teaching practices of all gaehers. Overlapping among the
categories was then done to ensure their inteoraistency. However, since the first
phase of the research was conducted only in onesemsaturation of the generated

categories was not fully guaranteed.

Data analysisin Phase 2

As the second phase of the research involvedhvati the (two beginning)
teachers engaged in and learned from collaboratitien research, the researcher
“focused on trying to understand (the) teacherpegiences narratively” (Clandinin
and Connelly, 2000: 128) using interpretative-ati@lgonsiderations rather than
employed the constant comparative method to prodigst of discrete categories.
The reasons for doing this were that a narrativerepresent “a mode of knowing
that captures ... the richness and the nuances afingsain human experiences”
(Carter, 1993: 6); be capable to “render life eigr@aes, both personal and social, in
relevant and meaningful ways” (Connelly and Clamdic990: 10); and invites
readers for further analysis and discussion o@lar{dinin and Connelly, 1989). With
this regard, the researcher analyzed the datader ¢o construct a narrative view of

experiences shared by the teachers.
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In doing so, as guided by Clandinin and Conn&§0Q: 127-137), the
researcher transcribed conversations in the disepaltassroom observations, and
interviews. He then read and reread the transoriptas well as related documents in
order to construct a chronicled or summarized agtotiwhat is contained within
them. He did “narratively code” (p.131) relevanttpaf the transcriptions and the
documents in order to develop story lines or nevedhreads that interweave and
interconnect where, when, and how actions and sadurred with or by whom.
The narrative threads, which are based on actymdreences, also included tensions
that emerged during collaborative action reseaath tvithin and across the
experiences of the teachers and of the reseaifisris an ongoing, reflective
process by which the researcher had made meanfiisgsial experiences shared by

the teachers.

However, it is very important to note that thisearch was not conducted in
the fashion of “narrative inquiry” (Clandinin anad@nelly, 2000). A narrative was
only used for the purpose of presenting the rebe@sults as it well fits into a mode
of case reporting recommended in “naturalistic inguLincoln and Guba, 1985). In
this research, a narrative was used to allow thders to determine credibility of the
research as they are able to examine the emegdrch process, leading to the

research results.

Trustworthiness of the Research

Trustworthiness is referred to as criteria to datee whether or not research
results produced by a naturalistic research aréfmtaking into account (Lincoln and
Guba, 1985). To establish the trustworthiness isfghesent research, the researcher
had immersed himself in the research setting feral/eight months in order to
observe teaching practices of the teachers anevel@p research relationships with
them. With this period of time, the researcher asy to discern both common and
salient features about their teaching practicesder for him to address to the first
research question. Particularly for the secondarebequestion, collaborative action
research was not initiated at the beginning ofréisearch but a few months later, the
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researcher had therefore developed some degreemdnt with the teachers. Since
collaborative action research had been maintaioethfer five months, the researcher
with the extended rapport was open to substandit@ fibr examining how the teachers

engaged in and learned from it.

The researcher used multiple sources and methagigther the substantial
data such as teacher interviews, classroom obgamgagroup discourse, and a
collection of documents (e.g., instructional matisiilesson plans, teacher journals,
student work, and the researcher's field journdlsg¢se data allowed him to do
triangulation in order to test consistency or irgistency among them. Moreover, the
audio- and video-recorder allowed the researchezdramine the data in advance as
often as possible particularly when he felt thatltemiss some relevant events
during being in the research setting. Using thehitécal tool, the researcher was able
to enhance his interpretations and be more effe¢tivnonitor and adjust the research
process and his actions. It was this tool that ederp the researcher to paying more
attentions to some particular points that needdzetmquired and checked with the

teachers.

The researcher monitored the emergence of thangsprocess and the
development of working hypotheses on a regularsb& recorded changes that
occurred during the research process and decisiadg in order to adjust the
research process according to the changes. Ocead#lgjdhe researcher consulted the
research committees who debriefed him about thesadent of the research process,
so he was able to check appropriateness of hisidasias well as reasonability of his
working hypotheses. Moreover, the researcher recbndw the collected data had
been manipulated until the research results wereaed. The track of data
manipulation is always available for later reexaaions. Also with support from the
research committees, the researcher’s working Ingsets were carefully considered
and analyzed in order to be continuously revisdaetonore consistent with and
grounded on the data. All of these processes waerducted throughout the research,

not conducted at the end of the research.
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As noted earlier in the limitation of the reseafsbe Chapter I), the researcher
can not exactly know in a prior way about how tbesults of the present research
might be applicable to other contexts. Therefdrehould be the readers to make
determination of whether or not and to what exthatresearch results can be used in
their contexts. On the part of the researcheranebest provide the readers with a
contextual description of the research as welh&siination about the participant
teachers. The readers can use these to consideamek of the research results to be
used for their own sake. In this regard, the redeardecided to use a narrative as the
way to convey content and process of the discoutsge the teachers and the
researcher engaged in and learned from collaberatition research. It was the
researcher’s expectation that the readers willtcoastheir own meanings of the
narrative that will be presented in the followirfzppter.



CHAPTER IV

TEACHING PRACTICES OF PHYSICS TEACHERS

This chapter addresses the research questionv-do physics teachers
conduct teaching practices in their given contdkf@cuses on developing an
understanding of teaching practices performed loh eathe case teachers before
they all engage in collaborative action researghc@sidering teaching practices as
a result of an ongoing process by which an indigldeacher has made meaning of
his or her experiences of involvement in the sclubaicience, each of the case
teachers’ educational background, conception @iea, and conception of teaching,
which are personally constructed, are presentearditgly. In each case, these are
followed by description of teaching practices. A¢ end of the chapter, emergent

themes across data sets on the case teachergeseatpd and discussed.

Case of Mrs. Darika

Background

Mrs. Darika spent her elementary education ingasbuthern province of
Thailand, where science teaching was dominate@dshers’ story telling and
students’ note taking due to inadequate laboragquypment and textbooks. After
that, she pursued her secondary education in BéngKtere physics teaching was
dominated by lectures that emphasized numericaipsyproblem solving. During
her school age, she was a high achieving studemaily ranked at the top-three of
the class. Becoming a teacher was Mrs. Darika’sipaate desire. Indeed, she
pursued for associate-degree equivalence in ageaoliege (calledRajabhaj for
two years and chose physics as a major subjechéfdo make this decision,
studying physics involved applying formulas to nuiced physics problems, and did

not require a lot of memorization. One year afteftigg the degree, she passed a
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teacher qualification testo become a lower secondary science teacher liblécp
school in a province nearby Bangkok. She then marsubachelor’'s degree in
education (physics teaching) in a university in ek as a part time student. During
that time, she recalls that she did “not undersfangics at all” due to the limitations
of time and dominance of lecture. She had taugi¢tsecondary science for 26
years and, during that time, she received an afearah outstanding (third-level)
teacher. Since she moved to teach in the presbabkshe was assigned to teach
physics. She expressed that she had inadequatiephbgsatent as she had “never

touched” it for almost three decades.

Conceptions of Science

Mrs. Darika held two views of science: 1) scierxcrature and 2) science is a
study about nature. These two views were mentiamntedchangeably. For example,
she said that, “Science is things around us.ratsire that we experience everyday.
We can explain things in nature using science” ¢8dadnterview, July 29, 2008).
Thus, it is not clear whether science for her ssualy that explains nature or nature
itself. With regard to scientific knowledge acqtimn, Mrs. Darika expressed her
intuition that, “Scientific knowledge is acquirdatdbugh observing a thing that
happens repeatedly. We observe and experiencenit times until we realizeley!
This is science(Second interview, July 29, 2008). In a more septated sense, she
mentioned that scientific knowledge is acquiredtiygh doing experiments in order to
test a hypothesis. She exemplified how scientistsldvknow whether or not the

universe has a boundary as follows:

We hypothesize that our universe has a boundarym&t have variables.
What do we suppose to be the variables? Under eiltaimstances can the
universe have a boundary? Then, we design an ex@etito investigate what
we hypothesize. (Second interview, July 29, 2008)

2 During that time, government teacher qualificatieas not required for a bachelor degree in
education.
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Mrs. Darika also believed that scientific knowledgan be empirically proven
through experiments. Provability of scientific knedge, for her, distinguishes law

and theory.

Theory is proposed yet not proved. It is a propasilike a hypothesis that no
one has disproved yet. Everyone has to acceptgsitie theory is disproved).
Law is reasonable. It was proved and can be pr(again). So, law is better
than theory. (Second interview, July 29, 2008)

In terms of relationships among science, technokogl society, Mrs. Darika
mentioned one aspect where, “Science relates hmédémgy. Technology must use
scientific knowledge ... Technology is used for tleaéfit of human and society”
(Second interview, July 29, 2008). Based on thesee&ptions of science, she
expressed a purpose of learning science that wasmtlerstand nature and be able to
live with it” (Second interview, July 29, 2008).

Conceptions of Teaching

Mrs. Darika held two dominant conceptions of teaglscience as “making
students curious in science by telling stories” &@wng experiments to discover
science.” These two conceptions of teaching scibadedeveloped through her
school age and teaching experience in the lowenrskry level. However, as she
perceived students’ expectation in the presentadckbe began to form an alternative
conception of teaching as “feeding students cohterftich was against her

previously-developed conceptions of teaching sa@enc

Making students curious in science by telling stodas

During elementary times, Mrs. Darika’s interessaience was influenced by
her teachers’ stories. Although the stories aloaeevgometimes insufficient, it made
her curious to know new things about science. Cqunsatly, she had formed a
conception of teaching as telling stories aimecre@ating students’ curiosity and



83

interest in science. Students’ curiosity in a stoeing told increased their verbal

participation and this made her very impressed:

The most impressive experience of teaching sciearame was that kids
wanted to know. They were curious. They were asHingean, always asking.
... I didn’t even think they were very curious (abbuman organism) like that.
(First interview, July 8, 2008)

Telling stories about science became Mrs. Darikaisnal practice. She had
developed various stories related to particulatexan She also stated that what is
most challenging in teaching science for her wasasie students curious in science.
She wished to make and see “students’ eyes sparkaigpey were curious in
science. She evaluated whether or not her own itggelas successful by observing

students' eyes or facial expressions.

What is most challenging for me is to make studeyss sparking. ... Each
time | teach, | observe them. If | feel that theyes are sparking, | feel I am
successful. But, if | see their eyes are filledwBtopped speakingThey are
not responding. | feel discouraged. (First inteiduly 8, 2008)

Doing experiment to discover science

Although Mrs. Darika rarely experienced performexgperiments during her
school age, she did “impress upon students to gererents” and “want them to
discover science through doing experiments” (Fir&rview, July 8, 2008). In doing
so, she would ask “why” questions in order to mstkelents think. She then

elaborates on what they think in order to guiderthe discover science.

I would ask kids, or do whatever that makes theimktifWhy is it like this?
Why is it like that?Let them think. Sometimes | let them do an exmpenmt.
They could discover a new thing when they are ddwegexperiment. (First
interview, July 8, 2008)
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It seemed that the conception of teaching as ‘@lexperiments to discover
science” was developed since Mrs. Darika becanogvarlsecondary science teacher.
Being a science teacher allowed her to experieno®dxperiments with students as
well as to see “students’ sparking eyes” when ttisgovered new things from the
experiments. She contrasted her own learning expeg in which doing experiments
was limited due to the lack of laboratory equipmevith what she wished for her

students to experience as follows:

We learn science well when we are experimentingf. l.had opportunities to
do some experiments (when | was young), | felt tleatuld understand and |

could learn. (First interview, July 8, 2008)

Feeding students content

As Mrs. Darika changed to teaching physics in tighér secondary level, the
two conceptions of teaching, which had been preshodeveloped during teaching in
lower secondary, were challenged by her experianttethe present students. The
students, who highly valued marks and were conceabeut university admission,
expected her to directly tell them what they wereposed to learn in order to pass
tests. They denied participation in instructionghaties (e.g., playing games) that
Mrs. Darika planned to create to arouse their sityand interest in content being

taught. She described this “hurtful” experiencéadisws:

For now, the teacheRgferring to herselfonly feeds (content). ... They
(students) told me,Teacher, you just teach what you want to teach.ou. Y
don't waste time doing this (playing game). lus&less From that time on, |
have to change. | meari,dok at explanations. Content is like this. Who is
confused, do the exercis@&@hey just want this (telling content and doing
exercise). ... | have to teach in a way that thaptw... | feel it works. They
like it. (First interview, July 8, 2008)
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The students had a goal to pass university adomgests. Thus, they expected
their teachers to help them achieve well on thistdésstructional activities that they
perceived as not necessary to achieve that goal merdesirable. Mrs. Darika
perceived this expectation as she said, “Theyfgastthat they will fail gaining
admission to study in university” (First interviedyly 8, 2008). The present school
context created a new condition for her to fornatiernative conception of teaching,

which seemed to be against her previously-develgopeadeptions of teaching.

Teaching Practices

Data from six two-period grade 10 classroom obetgwa about classical
mechanics exposed that Mrs. Darika taught physiesmhanner consistent with her
initial conceptions of teaching. She told storibsw science, aiming to create
students' curiosity and increased classroom ppatiicin. Also, she allowed students
to do experiments. Nevertheless, she placed amatginal emphasis on presenting
students with content and solving numerical phyproblems. Interestingly, this
instructional emphasis was less referred to dutiegnterview but outstandingly

appeared in the classroom observation.

Emphasizing numerical physics problem solving

In general, Mrs. Darika informed students the ideghcontent and asked them
to look at the content in instructional materia@gy(, information sheets and exercise
sheets). She provided students with definitionglyfsics terms as well as introduced
physics formulas before demonstrating with a feanegles of how to apply the
formulas to numerical physics problem solving. &htd copied the examples she
wrote on the blackboard. On some occasions, samdersts were asked to solve
physics problems on the blackboard instead ofghetter. Students were then

assigned to complete a number of physics probleoms the exercise sheets.

Mrs. Darika impressed upon the students to praaticeerical physics
problem solving, “You have to practice by yoursélfy. When you go back to your
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dormitory, redo what you noted in the class. Youehto do it by yourself” (First
classroom observation, July 23, 2008). She seemednsider numerical physics
problem solving as a skill, which students coulduae by practicing, saying, “If you
don’t practice (on numerical physics problem salyjrwhen will you be skillful”
(Third classroom observation, August 11, 2008).

Mrs. Darika mainly assessed student learning ysapegr-pencil tests, which
emphasized numerical physics problem solving. Itemthe tests were similar to
those in the exercise sheets, but their numereales were different. Thus, similar
procedures used to solve problems in the exerbiset svere applicable to problems
in the tests. Nevertheless, students were askieddat a “science toy” project, which
was assessed by Mrs. Darika in terms of how theliegpphysics concepts in

inventing the project.

Telling story and teacher-led discussion

During teaching, Mrs. Darika often told storiesused demonstration to
initiate classroom discussion. Compared to wheresipéained numerical physics
problem solving, students participated in classraisoussion more actively as they
responded to teacher questions and also posed aquastions. However, both telling
stories and classroom discussions were led byeteher, who selected the responses
or questions the students posed in the contexteotassroom discussion. It was
often that stories told were not pertinently redate the content taught and, as a
result, classroom discussion lacked focus. Mrsilaarbitrarily moved the
discussion from one focus to another without primgcany connections among them.
It seemed that telling stories and teacher-ledudision primarily served as a way to
increase classroom participation, but not as a smmeapromote students’
understanding of the physics content that was dadrior teaching.
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Doing experiment to prove scientific knowledge

Three of six observations in Mrs. Darika’s clasgined doing experiments.
Students did experiments in gender-mixed grougewofto six as a normal
arrangement. However, in all three experiments viesie Mrs. Darika told students
an exact experimental procedure as well as expeetedts before allowing them to
do it. While the students were doing the experimestie walked around the room
telling them what to do as well as monitoring i€yfollowed the procedure. “Is that
true?” was a question often asked. In order tagetxperimental result that was the
same as what the teacher expected, the studewis dekteacher questions to make
sure they were following the right procedure. Doidirhited time, Mrs. Darika wanted
the students to complete experimenting as quicklgassible. Once the students
finished the experiment and got data, she told them to manipulate the data in
order to get the “correct” result. In cases whaeedtudents got a result different from
the expected one, they were asked to repeat treximgnt. Noticeably, the students
were rarely required to provide their own interptetn and explanation of what they
observed from the experiments. This was a contiiadiof what she had mentioned
in the interview in which she emphasized on stuslghtnking process, intending to
elaborate on what students think to help them discecience. It was apparent that

she wanted students to prove scientific knowletigeugh doing experiments.

Limitation in physics content

Mrs. Darika disclosed that she had a limitatioplysics content. Her limited
physics content was reflected in her impetus viéwee, a partial understanding of
friction, and that of mechanical equilibrium. Thegere clearly apparent when she
presented content, told students stories, anddistdissions with them. For example,
she explained an object’s instant velocity at tighdst position as it was thrown up in

the air and then it would fall back to the groungdo gravity as follows:
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It (object) goes like this (moving up into the aWyhen its force is gone, it
would then fall down. At this (highest) positiobhias no force—the force we

threw. (First classroom observation, July 23, 2008)

Limitation in physics content influenced Mrs. Dais teaching practices. She
communicated her impetus view of force and theiglarhderstandings to students.
She transformed limited physics content into inctatgforms (e.g., normal force is
always up and weight is always down). These corddte or reinforce students’
alternative conceptions. Besides, the impetus wakferce seemed to hinder her from
capturing the key idea of Newton'’s third law of meotas well as to limit her ability
to recognize students’ learning problems, resulitingdjfficulty in discussing with
them. As a consequence, opportunities for concefgaming were limited in her

physics class.

Case of Mrs. Rattana

Personal Background

Mrs. Rattana received her elementary and secomhugation in a private
school. During that time, she mainly studied scgeticough lectures and doing
paper-pencil exercises. She did not achieve highess in studying science and, in
particular, she failed two physics courses. Faiphgsics made her wonder, “Why
can't | study this subject?” As a consequence deweded to study physics at the
university level in order to answer her wonderm&etcoming a teacher was not her
first intention; however she carelessly and unitiberally selected the faculty of
education. After getting a bachelor’s degree incation, instead of being a teacher
she wished to work for a business company untifédxer asked her to try a teacher
gualification test a few years later. She passeddht and became a government
physics teacher in a rural secondary school. Whdehing in the school, she had
spent summer time for four years pursuing a mastigree in science education

with an emphasis on physics teaching. She movéshtth in the present urban school
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two years ago. With 14 years as a physics teasherfeels very comfortable with the

teaching profession.

Conceptions of Science

Mrs. Rattana considered science as an invisigi@mine about surroundings
that needs to be studied and understood. By “ibsi she compared science with
black magic whose product (i.e., knowledge) is miysts. Thus, it is necessary to
make such knowledge explicit and prove it as thu@pposition to black magic,

scientific knowledge for her is empirically provabl

Science is a discipline that we need to study amahk Actually, it's like
black magic. It is invisible (mysterious). We haeemake it explicit and prove
it to be true (demystify it). (Second interview)ydga5, 2008)

In expressing a view of scientific knowledge asgfton, Mrs. Rattana tended
to portray knowledge as something that is consuseegng “Scientific knowledge is
acquired through study, searching (for informatiangl reading books” (Second
interview, July 25, 2008). Perceiving knowledgedarcers, she continued, “They
(scientists) also conduct experiments.” Conducéixgeriments, for her, is a method
used to prove scientific knowledge. What was proagtrue is called “law or
regulation,” which is unchangeable and must be ebbeWhat is proposed yet not
proved is called theory, which serves as a “guidigaanework” for further scientific
studies. Thus, a theory for her can be either ob@ng be a law when it is proved or

ignored when it is disproved.

Law means regulation. It is unchangeable. But theoa framework. It’s like
when people sayWe study according to this person’s thebif/the next
generations show that it (theory) is not true, &e change. ... Law means
what we have to follow. Theory is like a guide,daey to law. There must be
a theory first. Prove or experiment it. Yes, itgexment result) obeys this
(theory). Then, it can be a law. (Second interviduty 25, 2008)
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In terms of relationships between science, tedgygland society, Mrs.
Rattana expressed an understanding, which is the aa Mrs. Darika’s in, “Science
and technology are related for sure. Some techresage scientific knowledge in
their production” (Second interview, July 25, 2008pwever, she added a moral
aspect of science that, “Use of technology in dgagelike a two-edged sword.
Society prospers if it (technology) is used in adjwvay. It (society) deteriorates if
technology is misused.” Based on these conceptbasience, purposes of learning
science for her were to “know” scientific knowledged “use” it in everyday life in a

good way.

Conceptions of Teaching

Mrs. Rattana held three conceptions of teachingpaseyed in the following
guotes: “providing students detailed explanatiofdgveloping good relationship
with students,” and “using students’ language.” tAlee conceptions of teaching
evolved since her school age and consolidatedeagahed more and more teaching

experience. Consequently, she holds these conospiideaching very strongly.

Providing students detailed explanations

Mrs. Rattana studied science in school throughutestand doing paper-pencil
exercises. As a student she had to intentionatgni to what the teacher said in class,
trying to understand, as well as spend more tirstudying it. She thus credited

teachers who provided her detailed explanations.

In our days, | felt the teachers fully ... explainedlietails. They provided
different problems and they explained all wayswlmch the problems could
be solved). Then, we (students) spent remaining stadying by ourselves.
(First interview, July 10, 2008)

As a consequence, she remembered the way shewgds gand did “imitate”
such way of teaching in her class. This is conststeth what Blanton (2003) and
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Nashon (2006) observed that quite often scienasheza tend to teach the way they
were taught. She believed that it was necessary feacher “to advise them
(students) first, so they could learn.” Her roleadeacher was to provide detailed

explanations to students.

| remember that (the way she was taught) to teathd the present. | feel
that if | don’t advise, they (students) wouldn’tdemstand. At least, | must
advise them, (To solve) the problem like this, you must wriie #ind this’
(First interview, July 10, 2008)

In tracing this conception of teaching, she rechfeedback from her
university supervisor when she was a student teahhe “You (Mrs. Rattana) have
to explain to kids. You have to tell them that whatiables in the problem relate to
what they are supposed to find to get the answedl tiiem first. When they get that,
they can do other similar problems” (First intewjeluly 10, 2008). Also, this
conception of teaching was consolidated when stepuesuing her master’s degree

in which she implemented a computer assistantuatstm (CAl) with students.

There were some students who commented to mef that them only see on
computer screen, they don’'t understand. They wamietb teach first and
then use this (CAl) as supplementary. | still rerbemwhat they wrote. (First
interview, July 10, 2008)

Developing good relationship with students

Mrs. Rattana emphasized an affective aspect inucisbnal process. In order
to teach students, a good relationship betweearmthem must be established.
Based on good rapport, she wished that studentkvieel free to ask her questions

whenever they did not understand.
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First of all, teachers must understand kids. ...fst understand, be intimate,
and be informal with them. Kids will come if we ardormal ... kidding. Kids

dare to tell that,I“"don’t understand this.(First interview, July 10, 2008)

This affective conception of teaching i@sned at least since Mrs. Rattana
was in grade 7. During that time, one teacher skidveg a way in which a teacher
should talk to students. “Beautifully speaking™vesll as “calling students children”
were recalled as very impressive experiences asdntipression is still vivid in her

mind. She used this way of talking to establislbadyrelationship with students.

| was impressed by one teacher. She beautifulkgetblo me and always
called me “child.”... | felt that if | were a teacher, | had tokddeautifully with
kids. (At the present,) | always use “child” witldk unless | am angry. ... If
we (teachers) use “child” with kids, it seems we eobse to them. (First
interview, July 10, 2008)

Using students’ language

In the context of the study, many students normadly local southern Thai
when they talk to each other, but they use forreatral Thai when talking to teachers
or when discussing in classrooms. Mrs. Rattanagmzed the importance of
different languages used in the school. She mesdidimat she preferred to use
students’ language, which included students’ skamdylocal southern Thai words.
She believed that using students’ language codfnithem understand content better

than using formal language as used in textbooks.

The language | used was very homegrown (locallyten). | speak a
language that is close (familiar) to kids. ...nétlanguage we (teachers)
mediate to kids is too formal, they do not underdtaVe must use language
like the one they use at home. (First interviewy 10, 2008)

% The word ‘child’ is used in Thai as ‘luke,” whichpresents a relationship between parent and child,
not that between a teacher and students.
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This conception of teaching was formed at leagtesMrs. Rattana became a
teacher in a rural school. At that time, studemdsndt understand her explanations.
Then, she asked high-achieving students to teactathieving students. While she
listened to conversations among them, she recogjtined the students used a

language of their own.

When | was teaching, kids did not understand thguage | used. | asked
high-achieving kids to teach low-achieving ones histened to them. They
talked together and they understood each othkought it was interesting.
This is what | got from the kids, that | must usgsk language. (First
interview, July 10, 2008)

Mrs. Rattana also argued that students in theeptesshool agreed with her

way of using such language.

Teaching Practices

Four grade 10 classroom observations about mexzddaquilibrium, waves,
heat, and nuclear physics, as well as one gradtat&oom observation about
nuclear physics indicated that Mrs. Rattana tapglgsics in a manner consistent with
her conceptions of teaching. She did lectures,ignoy detailed explanations about
numerical physics problem solving to students. ldetures were often interrupted by
students’ use of homophones, slang, and local wémtkrestingly, despite sitting in
groups, none of the students did the hands-onitesior group discussion.

Emphasizing numerical physics problem solving

Mrs. Rattana placed an instructional emphasisurnemical physics problem
solving. This emphasis was explicitly shown atfil& glance of classroom
observation, with posters on walls around the ctesa consisting of physics
formulas. To commence each teaching period, shergiyinformed students to look
at one of a number of physics problems on an esesiieet. Then, she explained to
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students “calculation principles” or a set of stepbe followed in order to apply
physics formulas to the problem. Teaching physmgent generally went hand in
hand with explaining the calculation principlesr Eaample, she explained a
calculation principle used to solve problems aboathanical equilibrium as follows:

Write all forces acting on objects. Then, consilgch object separately ...
Write forces acting on each object. (First classradpservation, August 7,
2008)

Explaining calculation principles primarily aimatihelping students solve
physics problems rather than promoting their conadpinderstandings. Physics
concepts that underpin the calculation principlesennot emphasized. For example,
equilibrium conditions (e.g., an object was stagignor moving with a constant
velocity) were rarely mentioned when compared tblédt force is equal to all right
force.” Moreover, calculation principles were pnetsel in a form hopefully easy for
students to memorize, although they were sometsaiesitifically poor. For example,
in teaching Snell's law of water wave refractidme $old students to memorize that,
“Deeper (water) is more speed, mareand more)” because it “could make more
people die” (Third classroom observation, AugustZE8). Students were expected
to apply physics formulas effectively and it did meatter whether or not they

understood physics concepts.

You (student) don’t have to know where this form{ita- 06931 ) comes

from. ... For now, just use it. (Fourth classroomeskliation, September 4,
2008)

With a few examples of numerical physics probletviag provided, students
were asked to “try” solving problems similar to #seamples. They were expected to
follow calculation principles as well as to “imigdtthe examples in order to solve the
physics problems. Mrs. Rattana walked around thgscbom to monitor if students
had difficulties following calculation principleSome students could not simply
follow calculation principles. For example, in syt mechanical equilibrium
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students had difficulty identifying the normal feras well as the direction of friction.
This learning difficulty seemed not be recognizgdhe teacher. She kept telling
students to write all forces acting on the objeithwo attempts to know why they
overlooked some necessary force and/or added ussegeforces into the problem

system.

What criteria was used and how Mrs. Rattana asdestadents' learning also
reflected the instructional emphasis on numeribgss problem solving. She
mainly used paper-pencil tests to assess whethestdhey could successfully solve
numerical physics problems. As some students digh@dorm well on tests, she
asked them to redo the tests until they got adfdlfll marks. She asked students to

invent a project or write a report related to phgstontent when they had poor marks.

Accelerating the instructional pace

As Mrs. Rattana’s basic physics course was ovdmdu by a variety of
physics topics, she accelerated the instructioaeépo cover all content in a given
time using some strategies. She urged studentady at her expected pace. Also,
she compared an amount of content that she haéssfally covered in one
classroom with that in the other. She used posrgugforcement (e.g., special marks)
for students who were able to complete as manyighpsoblems as she expected.
Accelerating the instructional pace might relata tmoncern about content coverage

as Mrs. Rattana expressed to the researcher as/$oll

| will finish (all content) next week. ... | hurry.. | have to do some kind of
time management this year. | eliminate some contenthere is a good deal
content (to be taught). (Personal conversationtebaper 4, 2008)

Mrs. Rattana also asked students for additionabgey taking students’
leisure time for teaching. In doing this, she hadnatch students’ leisure with other

teachers who could not complete their content ds we



96

Teacher-dominated discussion under an evaluative tture

Taking a role as explainer, Mrs. Rattana dominatasisroom discussion,
which mostly consisted of her explanations andedesnded questions about
numerical physics problem solving. Students mattle kontribution responding to
the teacher’s questions with short answers. ItefEs that Mrs. Rattana answered
her own questions. By comparing students' partimpawith and without the
presence of the researcher, Mrs. Rattana reasonstlutients’ limited participation as
follows:

They (students) feel risky. On Monday (without @mese of the researcher),
they dared to express ideas. But, if there is sometse Referring to the
researche), they wouldn’t. | used to tell themCbme on, and please answer
What do you fearStudents stated thatNb, teacher. | may answer
wrongly” (Personal conversation, August 14, 2008)

What Mrs. Rattana reasoned could be consideréteasdawthorne Effect, in
which students’ behaviors including classroom pggétion could be influenced by
the presence of the researcher. It was possibietindents responded less to the
teacher’s questions than normal. However, in loglahthe preceding quote, it might
also be the case that students hesitated to ahdmseRattana’s questions because

they did not want their answers to be evaluatetivesng.”

Mrs. Rattana generally evaluated students’ ansimeagight-or-wrong
manner. In other words, there were some expectadarn that she wanted students
to say. Students’ contributions of expected answensinued instruction in a smooth
manner, which Mrs. Rattana presented more infoonaktending from the expected
answers. However, when unexpected answers or deeceswere contributed, she
seemed to be unsatisfied. Negative signals (eghing, long utterance, and nodding
off or scratching head) were sent to students.h&snsentioned in the class, she

believed that she must get angry in order to méakaests answer.
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What caused students’ lack of participation indtessroom could also be a
contradiction of rules created by Mrs. Rattana. &@mple, on the one hand she told
students to be free employing whatever methodsdiwing a physics problem they
wanted while, on the other hand, she specifiedrongly recommended only one
method. Once students employed a method different the recommended one, Mrs.
Rattana sent the negative signals representingtdifsction. Also, she told students
to use standard international units while, in exicepof some topics, she preferred
using prefix and suffix. This contradiction of ralas well as negative reactions to

unexpected answers could decrease students’ pattam.

In addition to the right-or-wrong evaluation adives the contradiction of
rules, Mrs. Rattana created a classroom cultuvenich those who did not know or
incorrectly knew some content would or must be Stydents seemed to instill this
culture. When some student provided a wrong andaeghing and ridiculing about
that answer occurred. Under an evaluative culsttglents developed a variety of
strategies to survive from blaming, laughing, diquling by others. The most
common strategy was looking at documents and ngcitihat the teacher wanted
them to say. Or, answering only one short word teefwoviding a longer one allowed
students to check whether a positive or negatigeti@n that the teacher from the
teacher would occur. When directly called to ansavguestion, some students denied
answering by asking the teacher for a pass to #shmom or negotiated to answer

the question as a group.

Mrs. Rattana rarely tried to understand what sttglfrought and why they
thought in that way, particularly when they prowddenexpected answers. Therefore,
it was not unreasonable noting that besides theepie of the researcher, the ways in

which she reacted to students’ answers could resldssened students' participation.

Using gags to motivate students

Mrs. Rattana normally used gags during teachihg.@ayed on words that
students said using Thai homophones. Also, shentedeclassroom slang as well as
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used local southern words. When she used thisalpanguage, students participated
in classroom discussion more actively as they tseid own gags. Thus, this kind of
language serves as a means to kidding studentslogévg rapports with them, and
increasing their motivation rather than a way tonpote an understanding of physics
content. She explained physics content using fotamguage. On some occasions,
Mrs. Rattana’s special language could be “lingaiabise” as some students did not
understand the meanings of such language. It sorastinterrupted students’

learning.

Case of Ms. Jantra

Personal Background

Ms. Jantra spent elementary and lower secondarya#idn in private schools,
and higher secondary education in a public scilwd. indicated her own
achievement in science as “moderate.” She enjaething science during
elementary grades as she had studied “new thikgstars.” However, teaching
physics in her secondary classes was dominateeldbyré and doing paper-pencil
exercise with no experiments. The lack of oppottesito do experiments made
problems for her when studying in a faculty of sce in which she was required to
learn physics more authentically. As a PSMT studsm spent four years for a
bachelor’s degree in science (physics major) ardmare year for a diploma in
science teaching. While pursuing the diploma, siteéxperienced student teaching
in a secondary school for one semester. Neverthdbesoming a teacher was not her
initial plan. She applied for the PSMT in ordeftiy on the test” before the
university entrance examination. She decided tdysitu the PSMT after passing the
test because she was not sure whether or not shld succeed on the highly-
competitive university entrance examination. Shgalneher teaching profession in the

present school and has taught there for one amdf gdars.
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Conceptions of Science

Ms. Jantra had difficulties expressing what shamhéy science. At first, she
expressed that “science is things around us” witlktarification of what those things
are. As examples were provided, she agreed thateeis a human perspective used

to explain things and/or phenomena.

Researcher:  According to your understanding, whatience?

Ms. Jantra:  Science is things around us.

Researcher:  Could you clarify that?

Ms. Jantra:  Natural phenomena are also sciendes like raining. We can
use science to explain how it occurs. ... It depesrdhow we
see them (things or phenomena). It's like a natesaurce or
the environment. We can see it as an ecologicésydt's a
perspective.

Researcher: Can | say science is a perspectivieirgstor phenomena
around us?

Ms. Jantra:  Yes.

(Second interview, August 5, 2008)

Ms. Jantra believed that scientific knowledgedguared through forming
hypothesis-testing experiments. An experiment @sdb to empirically test a
hypothesis whether or not it is true. She exengalithat, “People say that heat can
make metal extend. We experiment and prove whetheot what they say is true”
(Second interview, August 5, 2008). Besides, olet@rus, searching for related
information can be used to generate a mathematiodel of non-experimental
phenomena such as astronomy. A mathematical meeelsrto be proved, to see
whether their prediction is true. She also beliewedbjectivity of scientific

knowledge.

If they (two scientists) investigate the same thang have the same data,
results they get are the same. (Second interviewgust 5, 2008)
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For Ms. Jantra, scientific knowledge must be ple through doing
experiment. She distinguished law and theory bysidaning a level of acceptance by
scientists. Although she was not sure which ont@in gained a higher level of
acceptance than the other, she believed that otef would become the other since

it was proved as true.

| can not remember whether law or theory occust.flram not sure whether
law or theory is accepted first and then it becothesother. It was accepted

by many scientists as true. (Second interview, Ati§u2008)

Like the previous two teachers, Ms. Jantra mestioone relationship among
science, technology, and society, saying, “Scietemdnology, and society are related
because scientific knowledge is required to prodacknology. Then, technology is
used in society” (Second interview, August 5, 20@3)sed on these conceptions of
science, purposes of learning science for her wasxplain” natural phenomena
using scientific knowledge as it is accepted bemstists and “use” such knowledge in

everyday life.

Conceptions of Teaching

As a novice teacher, Ms. Jantra took both a rbteacher and that of student
interchangeably when talking about teaching. Stenaatically matched learning
physics with numerical physics problem solving.aAsonsequence, she held two
conceptions of teaching as “helping students taktland solve numerical physics
problems by themselves” and “assigning studengsdotice numerical physics
problem solving.” These two conceptions of teachimge shaped by her learning
experience in school. Besides, though not strorgyig,tended to hold a conception of
teaching as “doing experiments and group workingte she experienced a new

learning activity in the university.
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Helping students to think and solve numerical physis problems by
themselves

In opposition to biology, Ms. Jantra perceived §iby as a subject that did
“not require a lot of reading,” but calculating.rélaghout three years in higher
secondary grades, she had studied physics thregglré with an emphasis on
solving numerical physics problems. She descril@dRperience learning physics
by comparing and contrasting the teaching practééwo physics teachers (called
Teacher A and Teacher B) as follows:

Teacher A went very quickly. He skipped steps—regibning with analyzing
problems. ... Teacher B had his own steps—explgi(@éontent), analyzing
problems (by asking) what variables are providealYavhat formula to be
used. Both did lecture. (First interview, July 2008)

In order to understand physics, Ms. Jantra haghyoattention to what the
teachers said. For her, knowledge mostly occumagiass. It thus was difficult to
successfully solve physics problems, if she cowldcatch up with what the teachers
said.

We (as students) must intend to study. ... Wheraehter is teaching, we study

and listen to what the teacher says. Knowledgelsnosturs in class. If we

understand in class, we can search for other prabte do more. But if we

don’t understand in class, we will get struck. $Einterview, July 14, 2008)

It was also important for Ms. Jantra to searchafitditional numerical physics
problems for practicing. Success in determiningextiranswers made her enjoy
studying physics. She tended to automatically matetlying physics with numerical
physics problem solving.

I liked physics, its content, ways of thinking (usolving problems. After a
teacher taught, | searched for other problems ke ydrat the teacher taught.



102

It was enjoyable, if | could find answers. Andoutd continue (to solve

problems). (First interview, July 14, 2008)

As Ms. Jantra had only studied physics throughkisglnumerical physics
problems, she formed a conception of teaching akpiiig students to think and solve
physics problems by themselves.” Based on her eqpe of different teaching
practices from the two physics teachers, she rezedmer role as a physics teacher
to guide student thinking about physics problemsgiguestions. She expected

students to think and be able to solve physicslprmob by themselves.

In solving physics problems, | want them (studehtsable to analyze and
solve problems by themselves. We (teachers) shawédinkids what
information a problem provides. Let them think Iskiag or guiding them ... |
want to teach and help kids be able to solve probley themselves. (First

interview, July 14, 2008)

Assigning students to practice on numerical physiggroblems solving

According to Ms. Jantra, “(learning) physics iskdl. It needs a lot of
problems ... doing a lot of problems until havihg skill” (First interview, July 14,
2008). Thus, it was her responsibility as a teath@ssign students to solve a number
of numerical physics problems in order to acquirehsskill. By conceptualizing
learning physics as a skill, she assumed studdift€ulty in solving physics
problems due to the lack of such skill. To helptHearn physics, she would assign

students to do more exercises in order to deval@equire the skill.

Suppose kids cannot solve problems ... cannot aaahe problems. We
(teachers) can use exercises that allow kids @ ldb of problems until they

have the skill and learn. (First interview, July, 2008)

Ms. Jantra simply assumed that the more studeatsiped on numerical

physics problem solving, the more students cowddn@hysics. This conception of
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teaching might have been formed since her lowesrssary education in which she

studied science through doing a lot of paper-pemnaicise.

Teaching science was about lecturing by teachérs tdachers demonstrated
procedures on the blackboard. Then, they gave eixier ... a lot of exercise
(about) 20-30 items a day. (First interview, Jully 2008)

Doing experiment and group working

Although Ms. Jantra had never experienced doiqgements during her
school age, she had some in the university. Doxpgements provided her new
experience in learning physics. She describeddng experience as follows:

| liked studying science when | got opportunitiesid experiments. | liked
doing experiments because we (as students) dedatgroup. We didn’t know
whether or not a given theory was true. When weswd@ing an experiment
and got it (experiment result) consistent with gineen theory—it was true as
people had said, this helped us better understaedi{eory). (First interview,
July 14, 2008)

Although Ms. Jantra did the experiment in ordefpimve” a theory, she
developed a positive attitude to learning scief®t® realized that doing experiments
and working in a group were important for learngagence. Consequently, this
experience influenced her to form a conceptioreathing, which emphasized on
doing experiments and group work. Neverthelessag very infantile when

compared with the previous two conceptions of tesgrh
Teaching Practices
Seven observations of Ms. Jantra’s grade 11 pby$ass about energy (e.g.,

heat and wave) indicated that she placed an inginat emphasis on numerical

physics problem solving. Her teaching practiceifet a cyclic pattern comprised of
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presenting well-defined physics terms, introdugdhgsics formulas, and
demonstrating examples of numerical physics protdelving. While teaching, she
verbally interacted with students in an initiatepend-evaluate (IRE) manner. On
some occasions, she allowed students to work iapgrto solve physics problems.
She sometimes assigned students to search fomafimm of specified topics and
study the information themselves. That is, shehliilga manner consistent to her

conceptions of teaching.

Emphasizing numerical physics problem solving

Ms. Jantra’s teaching practice heavily relied ay@lic pattern in which she
commenced with presenting students definitionshykps terms, followed by
introducing physics formulas, and demonstratingmgXas of applying those formulas
to numerical physics problems respectively. Sheectrihe class with a few pieces
of paper on which definitions of physics terms, §ibg formulas, and physics
problems were noted. Then, she wrote such infoomainto the blackboard, allowing

students to make a copy in their notebook.

During presentation of information, Ms. Jantra nfs¢opped speaking
immediately and continued with the writing of wiséie was supposed to talk about.
Also, she frequently asked students questions atefirtitions of physics terms and
students recited what was on the blackboard ooauhents. Students sometimes
were not familiar with physics terms (e.g., loop)they asked the teacher to clarify.
Little clarification was provided. Moreover, Ms.nlea’s content presentation
sometimes was scientifically incomplete. For examphe explained momentum of a

moving gas molecule as it exists after the molehiikea container’s wall as follows:

When a gas moves and hits a wall, there would b&entum happening.
What is the momentum formula? (Third classroom olagen, August 26,
2008)
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Ms. Jantra’s content presentation directly anadklyiaimed at physics
formulas. Then, she devoted most of her teaching for demonstrating to students
how to apply physics formulas to numerical phygigsblems. In doing so, she called
each student's name and asked a series of questlates] to solving a physics
problem until its answer was addressed. After hong a few examples, Ms. Jantra

assigned students to do numerical physics probtdwng, normally as a group.

Ms. Jantra’s assessment regime also reflectemhstreictional emphasis on
numerical physics problem solving. She mainly usager-pencil tests comprised of
guestions to recall physics contents as well asamiaal physics problems. In addition
to cases that students did not perform well ortékts, which frequently occurred, she
assigned students to search for a number of nuatg@iysics problems and wrote
those physics problems together with the methodd tes determine their answers.
She accounted for a number of numerical physicklgnas written in the report rather
than what students learned. The criterion wasstatents had to write ten problems
to get one point.

Initiate-respond-evaluate (IRE) classroom discussio

Ms. Jantra generally controlled classroom discusesing a series of
guestions about well-defined physics terms and mizadephysics problem solving. In
doing so, she called students to stand up and arisevguestions. As a result,
classroom discussion was continued in an IRE mannghich Ms. Jantra initiated
asking a question followed by a student’ short oese. And if the response was
evaluated as correct, she moved to the next rotitttedRE cycle. Otherwise, if the

response was incorrect, the same question was agjadal

It was often that Ms. Jantra did not pay attentmstudents' answers, although
they were responding to her own questions. Shedaskgiestion and then turned
back to writing things on the blackboard—ignoringdent’s answers—and then
turned back to the student asking her or him tavansigain. She expressed a purpose
of asking questions and calling students’ namespond the questions as follows:
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They (students) would not get sleepy. If | don'l ca them, just doing
(solving physics problem) on my own, they would hsten to me. When |

call on them, they must be alert. (Personal comatens, August 5, 2008)

Students were familiar with Ms. Jantra’s IRE cyatethey knew what kind of
guestions and when she would ask. It became a fgame for some of the students
to propose their friend's name in order to atttlhetwhole class’s attention to their
friend.

Group working on assignments

Ms. Jantra often asked students to do assignnreatgroup or pair. The
assignments varied such as summarizing contentartbook, studying an
information sheet, completing an exercise sheet paacticing on numerical physics
problem solving. Exercise sheets generally weteofulecitation of physics terms and
numerical physics problems. While doing an exersisget, students opened a
textbook/notebook page by page—Ilooking for somermation to be filled in on the
exercise sheet or for calculation examples sinbilgaroblems in the exercise sheet to
be followed. Assigning students in groups to seé&oclspecified contents as well as
examples of numerical physics problems was geryenakd when Ms. Jantra missed
some periods, when she could not complete the anodwontent as she expected, or

when students did not perform well on tests.

Case of Mr. Sakchai

Personal Background

Mr. Sakchai spent his elementary and secondargadidu in rural public
schools. He indicated his own achievement in se@sc‘not so good.” However, his
achievement gradually improved and this made hhrfeore confident to learn
science. During that time, he mainly studied saetficough lecture with a few
opportunities to do experiments. Rather than plsy$itr. Sakchai preferred
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mathematics and planed to be a mathematics teddhfmtunately, his marks on the
university entrance examination did not allow Iistfchoice. He majored in physics
instead because “it is about calculation like mathtcs.” He spent four years in
teacher preparation including one semester forestiugtaching experience. After
getting a bachelor’s degree, he began his teaghifgssion in the same school as
Mrs. Rattana and had taught there for one yeam,Tieemoved to teach in the
present school, (same as Ms. Jantra) as a nhonsgoeat teacher due to the lack of
science teachers in the school. He was waiting feacher qualification test to

become a government teacher.

Conceptions of Science

Mr. Sakchai viewed science as “a study of all rdtphenomena,” which
serves scientists’ wonder. Scientists, for him,ares who investigate natural
phenomena whose data is originally disorganizegyThen summarize that data into

a more systematic format.

A scientist wants to know whatever about naturdalfabout what to be
studied) at first is disorganized and no one sunresit systematically. Once
he wants to know this, he then investigates (andjmsarizes into law or

theory or the like. (Second interview, July 30, 2D0

Mr. Sakchai believed that the “scientific prochsasl its own steps,” which can
be divided into two main phases: collecting datd suimmarizing data. Although he
could not recall all of the steps and had diffigydtoviding an example, he stated
that, “there must be investigating, searching, erpenting, summarizing ...
something like that.” Scientists have to follow Bsteps exactly in order to acquire
scientific knowledge, which is objective.

If they (two scientists) do the experiment diffetgr-one goes directly

(Referring to following the steps exagtiyhile the other one makes mistakes,
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they could get different results. But if they ge ttame way, finally their

results would be the same. (Second interview, 14y2008)

Due to a belief in objectivity of scientific knogdge, Mr. Sakchai argued that
everyone can show and prove scientific knowledgeeisy true. This could be done
through an experiment. The belief in objectivityasl as the understanding of the
scientific process as data summarization influerecagy in which he distinguished
law and theory. He considered theory as a framewonkvestigate natural
phenomena. Once theories used to investigate the ppenomenon were
consistently proved as true—pointing to the sarsaltethey can be summarized into
a law, which can not be confuted. For him, law @educt of a theory-summarizing
process.

Theories are summarized into a law. Law can natdmduted. It’'s true for
sure. ... Scientists investigate using a numbénedries. Once they see the
theories are true, they (scientists) then summanmipea law. (Second
interview, July 14, 2008)

In terms of relationships among science, technglagd society, Mr. Sakchai
expressed one relationship like the other threghera that, “We use scientific
knowledge in producing technology to be used inetgdor convenience” (Second
interview, July 14, 2008). Based on these concaptad science, learning science for
him was a way that helps organize one’s thoughtthim#ting to be more systematic
as they are at first disorganized.

Conceptions of Teaching

Similarly to Ms. Jantra, Mr. Sakchai as a noveacher took both a role of
teacher and that of student when talking aboutiegc On the one hand, he
mentioned what students should do to understansighwhile, on the other hand, he
stated what he could do as a teacher to help stuitearn. Consequently, he held two
conceptions of teaching as “repeating readingspaacticing on numerical physics
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problem solving” and “doing experiments that allostgsdents to explicitly see
experimental results.” These two conceptions afhiew were formed since his

school age.

Repeated readings and practicing on numerical physs problem solving

Mr. Sakchai had mainly studied science througtukec Thus, it was
important for him to intentionally listen to whateacher said in class in order to
understand content being taught. However, onlgristg to the teacher was not

enough. It was necessary to re-study content aehom

The first thing (to understand physics content) waistentionally listen to a
teacher. After that, when | arrived home, | hadeigew (the content). (First
interview, July 9, 2008)

Mr. Sakchai argued that reading a book only ome tmight not be enough for
him. In order to understand physics content, hentmged to repeat readings many

times.

| liked repeating (and) practicing. When | did noiderstand the first reading,
| still read and read. ... When | didn’t understadhe first round (of reading),
there should be a second, a third, and so on. st breiuntil | understood.
(First interview, July 9, 2008)

Repeating readings was a learning style, which@dkchai felt most
appropriate as he mentioned, “For me, it must peatng.” He reasoned that once he
knew how to learn through repeated readings, hgaement in science gradually
improved. The improving achievement made him feeterconfident to learn science

as well as convinced him to believe in such a liearstyle.
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| didn’t know the style. | just studied and stud{@dmlessly). When teachers
lectured, | didn’t understand (and) I didn’t like ©nce | knew the style—how

to study science. | felt | like it. (First intervig July 9, 2008)

Besides repeated readings, Mr. Sakchai mentioregthcticing on
numerical physics problem solving was necessarysditt “In studying physics, |
must do a lot practicing ... Practice on a lot adtjjems. Only book reading was not
enough” (First interview, July 9, 2008). This expece in studying physics had
formed a conception of teaching which emphasizpdated readings and practicing
on numerical physics problem solving. In additiba,wished students to find their

own learning style.

| want kids to practice thinkindReferring to numerical physics problem
solving by themselves. Teachers should not tell themygvieig—just
advising. Let them think by themselves ... to famwers using their own

ways. (First interview, July 9, 2008)

As Mr. Sakchai expected students to repeat reading practice on numerical
physics problems, he often blamed students’ ladlkegponsibility when they had
difficulty studying physics.

Doing an experiment that allows students to explitly see experiment

results

Doing an experiment and getting a result simibawhat was described in a
textbook was an impressive learning experiencdiorSakchai. He expressed that
this kind of experience made him proud of himsslfxell as better understanding

physics content.

When a teacher let us (students) do an experimeneéxperimented and got a

result. The result was as same as the teachaes's same as its real value. |
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was impressed. | felt so proud. ... What | learnenigih doing experiments, |

remember ... | still keep it in mind. (First integw, July 9, 2008)

Thus, Mr. Sakchai wanted students to do experisaeatiowing them to
explicitly and really see what is described inxthieok. He expected that, “When
they (students) really experiment, they could retmentand) better understand” (First
interview, July 9, 2008). In doing so, studentsdeskto follow an experimental
procedure in order to get and see a result siralar consistent with scientific
knowledge. After that, it was his role to providrgestific explanations of the

experiment.

They (students) were following (procedure). Théeytgot what | expected. It
(experiment) was about using ripple tanks. Theyevadrie to do the
experiment and saw a clear (wave shadow) imagey dide’t understand
(how the image occurred). They asked how it occlrr@ad to explain until
they understood. (First interview, July 9, 2008)

Teaching Practices

Five observations of Mr. Sakchai’s grade 10 bphigsics class, which was
studying a variety of physics content (e.g., moaon force, magnetism, waves, and
nuclear physics), indicated that he taught in ameaxonsistent with his conceptions
of teaching. He spent most of the teaching timentomerical physics problem
solving. He generally summarized content into itemeases aiming at helping
students effectively solve numerical physics protideHe used a variety of
illustrations to explicitly show students naturblemomena as well as convince them
to believe in the content being taught. As he idéshto provide explanations both
about the natural phenomena and about numericaighgroblem solving, the

classroom was occupied by his monologues.
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Emphasizing numerical physics problem solving

In each period, Mr. Sakchai presented physics cbsiech as definitions of
terms and examples of natural phenomena beforedunting physics formulas and
demonstrating how to apply the formulas to numépbgsics problems respectively.
In doing so, he generally organized physics cormtefdrmulas into a number of
cases with regard to problem situations. For exant@ classified a friction formula
(f = uN) into two cases: a horizontal plane andnatine plane, although both
situations required the same understandings. Acuptd different values of N—the
normal force that a plane acts on an object—taubstguted into the formula, he
presented two formulas for the two situations—f(mp) for a horizontal plane and f
= nu(mgco8) for the incline plane. He aimed at helping studexpply each formula to

problem situations appropriately.

Besides, he suggested students to notice “key Wwdedsribed in problem
statements in order to solve physics problemsekample, students had to notice
whether a problem statement indicated “rough” dipfgery” surface in order to
consider whether friction should be taken into acton solving the problem.
However, his suggestion was sometimes too simpkstd also logically
problematic—being effective for numerical physicslgem solving only.

If the problem doesn’t tell an angle, it means thatobject moves on the
horizontal plane. Whenever there is an angle appgar the problem
(statement), use the incline formula. (Second obass observation, August 6,
2008)

After presenting physics formulas and “tactics” pwoblem solving, Mr.
Sakchai demonstrated examples of how to apply hlysigs formulas and tactics to
numerical physics problems. In particular, solvpiysics problems which appeared
in the past university entrance examinations wekea for students’ special attention.
Through seeing and imitating his procedural apgrpaavas time for students to

solve similar problems—practicing!
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| will show you some examples. | will leave probkenrequiring the same
procedure for you. Do these by yourself. (Fifthrsslmom observation,
September 17, 2008)

The instructional emphasis on numerical physichlgm solving was clearly
apparent when the semester was running close tntheMr. Sakchai accelerated a
pace of instruction in order to cover an amourgigén content. In addition, he
decided to ignore non-calculation descriptive contad assigned students to read

such content by themselves.

You have to read (a textbook). All content herdascriptive. It's just
common content. There is nothing about calculafiBifth classroom
observation, September 17, 2008)

Mr. Sakchai’'s assessment regime also emphasizext-papcil tests about
numerical physics problem solving. There was a ksmpace for “common content” in
the final examination. He also assessed studexgstises and notebooks for special

marks, particularly when they did not perform weril the tests.

Using a variety of instructional media to illustrate natural phenomena

In addition to content presentation, despite igadey of laboratory
equipment in the school Mr. Sakchai provided oppaties for students to see natural
phenomena related to content being taught. He aisdliety of instructional media
such as equipment available in the school, computenation, figure, and even
stationery. According to him (Personal conversatiuy 30, 2008), “They (students)
should have a chance at least to see things aigant Such media were used to
convince students to believe in content being taugdr example, he asked students
to put a rubber on a ruler and then incline one sicthe ruler seeing whether or not
the rubber would swerve down along the ruler. Thenconvinced them that “there is

friction.”
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All illustrations were conducted in a show-and-teénner, which students
were asked to see what Mr. Sakchai wanted thereetdsfore he told them its
scientific explanation. For example, he made aitodgal wave through a spring
showing and convincing students that there werepressions before explaining that
the spring particles vibrated parallel to the digat of wave propagation. “Do you see
that?” was commonly asked when he illustrated @&fpimenomena to students. He
sometimes asked them to see rippling water on ldekboard. Nevertheless, students
were rarely asked to observe and explain the ngthenomena as shown in their

own ways.

Question-like monologues

As Mr. Sakchai intended to show natural phenoniemader to provide
scientific explanations as well as explained nuoaphysics problem solving, he
was the one who mostly spoke in the classroom.olgh there were a lot of
guestion-like sentences in his talks, he immediaabwered his own questions
without providing wait time for students to thinkdarespond. According to a
conversation with him (Personal conversation, Au@ds 2008), he was not aware of
this kind of speaking. He concentrated on contemerage with a fast instructional
pace and forgot to provide students wait time.

Limitation in physics content

Similarly to Mrs. Darika, Mr. Sakchai had limitatis in physics content,
which was apparent when he explained natural phenarto students. Most clearly,
he believed that medium particles would move indlime way as a wave propagates
through. In other words, he believed that, “A wavsent from the source” (Third
classroom observation, August 20, 2008).

(A wave propagates from) deep water to shallow wdteis is the direction of
water flow. ... Some water reflects back (to deepewawhile some can pass
into the shallow area. (Third classroom observatfargust 20, 2008)
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Besides, Mr. Sakchai had limitations in classioachanics because of the
language difference between physics and everyéayHor example, while teaching
Newton'’s third law of motion he told students thation and reaction occur
simultaneously while, a moment later, the pref’*mislead him to state that
reaction occurs after action. Similarly, he expdairio students that, “Inertia means a
kind of motion where an object slowly moves in raigfht line with a constant
velocity” (First classroom observation, July 30080 The term “inertia,” which in
everyday language means “passive” or “slow” reslilibean incomplete explanation.

Of course, Mr. Sakchai communicated these to staden

Cross-Case Analysis

This section describes a cross-case analysiedbtir case teachers’ teaching

practices and a discussion on factors that haveeshthem.

The teachers employed content-driven instruction tat emphasized numerical

physics problem solving.

Teaching practices of the four physics teacherg wensistent with the
content structure of their respective schools’icufa. In order to cover the
prescribed content throughout the semester, Mrsk®and Mrs. Rattana prepared
instructional materials such as information sheets exercise sheets and went back
and forth along the sheets. Ms. Jantra and Mr. I&akehose school had limited use
of materials, prepared notes on intended conteshtlahvered the content to students
through writing on the blackboard and/or tellindl #he teachers informed students
what the content to be taught was at the beginoiregch period and delivered their
instruction by covering content they had prepafdgry rarely took students’ interest
into consideration and rarely adjusted the instoucaccording to them.

Due to the large amount of content to be covetesiteachers encountered
difficulty covering all content in a given time. iBrdifficulty was clearly apparent in
the case of Mrs. Rattana and Mr. Sakchai who taggite 10 basic physics. By
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“basic physics,” the two teachers argued that stisdeoth in the science and non-
science streams had to study all content prescitb#ae National Science
Curriculum Standards (IPST, 2002) as a compulsaipjest within one semester.
According to them, the purpose of this course wanake students familiar with
physics terms. Consequently, the content was So@dif taught in a “touch and go”

manner as they accelerated the pace of instruictiorder to cover all the content.

How much content should be taught in a given tivag been an issue of
“depth versus breadth” in reforming science edoecatAnderson 1995; Wright,
2000; Schwartet al, 2009). Results of this study indicated thattdeechers tended to
take the “breath over depth” stance. This claimpsuted the pilot study (Ladachart
and Roadrangka, 2008) suggesting that physicseeaahthe province employed
content coverage instruction. Nevertheless, Newn(a888) cautioned that covering
breadth of content without promoting depth of ustlanding might be a waste of

time.

In addition to content coverage, the teachers esipbd numerical physics
problem solving. They quickly presented and somesimgnored descriptive content,
such as scientific explanations of natural phenanbafore driving the instruction
toward physics formulas. They spent most of theaching time explaining and
demonstrating to students how to solve numericgsiol problems. Based on
examples provided, students then were asked tadiaiiand “practice” solving
similar physics problems. Instead of thinking ableodv natural phenomena occurred,
students were encouraged to think only about hosoblee numerical physics

problems successfully.

The instructional emphasis on numerical physic®lera solving could relate
to the national assessment regime (Changbin, 1&9%hailand, the external
summative tests (e.g., O-NET, A-NET, GAT, and PATg used as gatekeepers or
selection tools of higher secondary students tearsity (Coll, Dahsah, and
Faikhamta, 2010). As high-stakes testing, theseeusity admission tests inevitably
put pressure on both students and teachers (Pangl®lartin, 2005). As a
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consequence, the pressure could influence thedeati focus only on what would
be in the tests as well as develop students’ tdgtg skills (Wideeret al, 1997).

This was clearly demonstrated by Mrs. Rattana and3dkchai. Also, Mrs. Darika
was adjusting her teaching practices to meet stadexpectation by focusing more
on numerical physics problem solving. Thus, théomatl assessment regime hinders,
and also narrows down, the intentions of the edoicaieform (Dahsah and Coll,
2008).

The teachers compromised their personal conceptiored teaching with influences

from contextual factors.

All four physics teachers held different concepsiof teaching and they
attempted to achieve such conceptions in teachiygips. Mrs. Darika preferred
telling stories when she considered them relevanbhtent being taught. Also, she
often provided students with the opportunity toedperiments. On the other hand,
Mrs. Rattana employed a lecture approach with sgags to develop a good
relationship with students. And, Ms. Jantra askedrges of questions about
numerical physics problems in order to guide sttelemthink more carefully and
systematically about the problems. Mr. Sakchai @sedriety of instructional media
in order to explicitly show students natural pheeom This consistency between
conceptions of teaching and teaching practicesaigb Koballaet al. (2005) who
claimed that conceptions of teaching held by teescban be used as referents to

understand their teaching practices.

Nevertheless, the context in which the teacherghtiaalso influenced their
teaching practices. As previously noted, the naliassessment regime highly
influenced the teachers to emphasize numericalighpsoblem solving. Also, school
context was influential to the extent which thectesrs could achieve their
conceptions of teaching. For example, under a stippaschool context, Mrs. Darika
could easily achieve her conception of teaching-rg@xperiments. This seemed
more difficult for Ms. Jantra and Mr. Sakchai, wdlso valued doing experiments but
had inadequately equipped laboratories. As a caesee, they abandoned hands-on
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activities. This was the opposite of Mrs. Rattamag rarely mentioned doing
experiments. Although her school had adequate #&bigr equipment, she never
provided students with the opportunity to do haaodsactivities. Nevertheless, the
school context seemed to have less influence cadgarconceptions of teaching
held by the teachers. This finding is consistenhWess-Newsomet al’s (2003)
argument that conceptions of teaching (or perspreadtical theories) most powerfully

influence teachers’ teaching practices.

Compared to conceptions of teaching and contexactdrs, the education
reform policies (ONEC, 1999; IPST, 2002) seemeldatee less influence on teaching
practices of the teachers. They did not refer ¢oetthucation reform when talking
about teaching physics. Although they expressedesagreement with the student-
centered approach, when directly asked, they arthatdt was not applicable to
some students including those who were low-achg\ess responsive, and not
interested in science. This supported @bkl (2010: 19) who has noted that, “Many
teachers (in Thailand as well as other developowntries) report paying lip service

to ‘learner-centered’ education” (see also, DalesahFaikhamta, 2008).

The teachers’ teaching practices influenced classoon discourse where student

idea contributions were limited.

The teachers’ teaching practices influenced abassrdiscourse. In general,
they controlled what was taught as well as how ntimbk was spent on each topic.
Thus, as previously noted, classroom discoursemastly occupied by numerical
physics problem solving. Nevertheless, differermfedassroom discourses as
influenced by each teacher were noticeable. MrsikB'a stories made students
curious about content being taught so they askedtmns as well as expressed ideas,
resulting in a teacher-led discussion. Under atuati@e culture, Mrs. Rattana’s
explanations dominated classroom discourse whildesits hesitated to express ideas
unless the teacher used gags. Ms. Jantra’s recitatiestions shaped classroom
discourse in an IRE manner. Mr. Sakchai’'s quediiasentences without wait time
did not allow students to construct long sentemswars. That is, students’
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opportunities to make contributions to classroostadlirse varied depending on ways

in which the teachers verbally interacted with them

The nature of questioning also varied from onehlieato another. They
mostly asked close-ended and recitation questiwhish required recalling basic
information of content being taught (e.g., defmitiof terms and formulas).
Responding to such questions, most students sigyagsed the answers or recited
what was described in instructional materials iadtef expressing their own
understanding. Thus, students’ prior understandieggined untouched. Chin,
Brown, and Bruce (2002) suggested that such questenerated little productive

discussion.

Besides the nature of questioning, how the teadleaxded to students’
responses to their questions is important. Whegkglicitly or implicitly, they tended
to evaluate students’ answers, which were mosthytsim a right-or-wrong manner
and they preferred the right ones. They reacteditt answers in order to drive the
instruction forward. Oppositely, wrong answers, evthsometimes implied alternative
conceptions, were often ignored or sometimes rdaoteegatively. There were few,
if any, attempts to clarify the wrong answers. Hanifi995b) suggested that being
overly concerned about the correctness of studantsvers creates a difficulty in

generating a productive classroom discussion.

In order to generate a productive discussion, enashould allow students to
express their ideas with the aim of helping thetic@late their own conceptions (van
Zee and Minstrell, 1997a). The teacher has to alowher-self wait time for
thinking and trying to understand what they thiblafes, 2004). As students’
thinking may not be clearly stated, it is necessaryhe teacher to tolerate flaws and
ambiguities of their statements, help them clatiky statements, and respond to the
statements in a neutral and respectful manner (Hant895b; van Zeet al, 2001).
Besides, classroom discussion should be conductidhiiliar contexts in which
students have made observations of what is besaysised for a period of time (van
Zeeet al, 2001). The teacher sometimes has to allow tteuational plan to be
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diverted during classroom discussion (Hammer, 199Btese characteristics were

rarely demonstrated by the teachers in this study.

The teachers employed behaviorist instructional stategies instead of

constructivist ones.

The teachers tended to employ behaviorist instmat strategies. For them,
learning physics was considered a skill, which stus could acquire through
repeatedly practicing numerical physics problenvisgl As a consequence, they
directly presented well-defined physics terms amdhiilas, demonstrated how to
solve numerical physics problems, and encouragetests to imitate and practice
solving similar numerical physics problems. In dpso, they aimed to form a
connection between stimuli (physics formulas ancherical physics problems) and
students’ responses (problem solving procedureutiir repeating or even trial and
error. Positive and negative reinforcements wereicered normal to strengthen
such a connection. They gave special marks foresitisdvho contributed right
answers and completed an exercise while they sprastsent negative reactions
(e.g., signing and scratching of the head) for \yranswers. Punishment and
deducting marks were also often used as a warningitnidate students’ regarding
their undesirable behaviors (e.g., chatting andist&ning to the teachers). These
well reflected a behaviorist view of learning (Matal Research Council [NRC],
2000).

According to Duit and Treagust (1998), behaviorisas the dominant
learning theory in education during the first hafithe 1990s before the emergence of
constructivism, which now underpins Thailand’s eatianal reform. Nevertheless,
the behaviorist view of learning is still availalaeeducational systems (Farnham-
Diggory, 1994). Results of this study supportedblyis claim (2002) that many Thai
teachers held the old-fashion learning theory ag teavily relied upon
behaviorism—emphasizing a connection between autand a response (SR), as
well as the use of reinforcement. Furthermoreal?i{R002) continued that support
provided to them (e.g., materials) is also outdated needs serious revision.
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Yager (1991) suggested that the behaviorist vielearihing, though useful, is
not enough to prepare students in the presentaimdene also proposed the
constructivist view of learning. According to Daihd Treagust (1998), the main ideas
in the constructivist view of learning are that Wwtedge of the outside world is
viewed as human construction and learning—a praozieasquiring such
knowledge—is not viewed as transferring of the kiealge from one who knows to
ones who do not know, but that an individual adgiv@nstructs the knowledge based
on what he or she already knows (prior knowledgejugh interacting with the
world. In addition, the process of knowledge camgion is embedded in a particular
setting in which the individual and language aewed as a heuristic tools that the
individual uses to share and negotiate construatesvledge of his/her surroundings
with that of others (Driveet al, 1994).

Therefore, in promoting knowledge constructionha science classroom, a
teacher has to design activities that allow stuglemphysically interact with a natural
phenomenon, elicit and challenge their prior knalgkeabout it, and encourage them
to reorganize or modify such prior knowledge in @anmer more consistent with
scientific knowledge (NRC, 2000). Thus, learning t& seen as a process of
conceptual change (Duit and Treagust, 1998). Dissoamong students and the
teacher becomes a central aspect in a construdoience classroom as they share
and negotiate various knowledge and understandibgst the phenomenon (Driver
et al, 1994). These conditions were rarely demonstriayetthe teachers in this study,
which was consistent with the Dahsah and Faikh&2@@8) claim that the

constructivist view of learning is new for Thaieace teachers.

The teachers had limited understanding of physicsantent and the nature of

science.

All the four physics teachers had a limitatiorphmysics knowledge as it was
apparent in their teaching practices. Obviouslys Nrarika held an impetus view of
force as well as partial understandings of frictamrd mechanical equilibrium. She
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often communicated these to students. Moreoveh kmtited physics knowledge, she
encountered difficulty leading classroom discussitmwards target concepts of the
content being taught. Also, Mr. Sakchai’s limitatim physics knowledge was
obviously apparent when he provided scientific arptions of natural phenomena to
students on many topics (waves, Newton’s third ¢dwotion, inertia, and friction).

These made his explanations incomplete.

Compared to Mrs. Darika and Mr. Sakchai, the tnon in physics content
knowledge was less apparent in Mrs. Rattana andiddra. Arguably, both Mrs.
Rattana and Ms. Jantra heavily relied upon numigpitgsics problem solving and
rarely explained or discussed with the students hatural phenomena occurred.
Nevertheless, it was evident that Mrs. Rattanaditidulty making a distinction
between heat and temperature. Also, Ms. Jantraestémrbe confused with
diffraction and refraction of waves when both phaeoa occurred at the same time.
Thus, it was possible that both teachers concehtdlimitations in physics content
by focusing on numerical physics problem solving&€.1995).

Limitation in content knowledge is not uncommoncerm Thai science
teachers in different grades and subjects (Pongsophd Roadrangka, 2004;
Soparat, Roadrangka, and Tunhikorn, 2007; Sreettmiagd Yutakom, 2007,
Jantaraprasedt al, 2008; Kijkuakul, Yutakom, and Roadrangka, 20B8ngkotphet,
Roadrangka, and Panacharoensaward, 2009; Magrodadakom, and Jantrarotai,
2009). Buaraphan, Singh, and Roadrangka (2006neththat many teachers had
mainly studied physics through a lecture-basedagmr that emphasized numerical
physics problem solving and that they were limitetearning physics in a conceptual
manner. As a consequence, their alternative coirepdf physics concepts remained
unchallenged. When considering the educationaldrackd of the teachers in this
study, the claim was strongly supported.

In addition to the limitation in physics knowledgdl four teachers exhibited
their conceptions of science, which were somehosecto “the myths of science”
described by McComas (2000) such as:
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— Hypotheses become theories that in turn become la

— Scientific laws and other such ideas are absolute

— A general and universal scientific method exists.

— Evidence accumulated carefully will result inesknowledge.
— Science and its methods provide absolute proof.

— Scientists are particularly objective.

— Experiments are the principal route to scientfiowledge.

— Scientific conclusions are reviewed for accuracy.

— Acceptance of new scientific knowledge is stréigfward.

— Science models represent reality.

Philosophically, the teachérended to share a realist account, where science
aims to “produce knowledge of an extrasensory wiulti63)” that “uncover(s) the
hidden nature of reality (p.164)” (Matthews, 199Phey believed that scientific
knowledge, as hidden in natural phenomena, is desead by scientists through
experimentation and that a scientist’s imagina#iod inference are not involve in
such a process. The teachers thus considered ltigywaf scientific knowledge (e.g.,

law and theory) with regard to how accurately i c&cover nature’s mechanism.

Results of this study are consistent with thosetbér studies (Promkatkeaw
et al, 2007; Yutakom and Chaiso, 2007; Chamrat and kg 2008; Buaraphan
and Sung-Ong, 2009), claiming that science teaghérbailand have limited
understanding of the nature of science. McComa8QR6xplained that this limitation
resulted from the lack of the philosophy of sciemcteacher education programs, the
failure of such programs to provide real scienceagch experiences for teachers, and
the shallow treatment of the nature of sciencexthbiooks. When considering the case
teachers’ educational backgrounds as well as theaoening nature of science in the

National Science Curriculum Standards (IPST, 200®) explanations seem sensible.

* In addition to a realist account, only Ms. Jamvay also hold an instrumentalist account when she
described science as a human perspective on n@hieemay not be surprising since she completed a
bachelor’s degree from a faculty of science.
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Even though literature is still in debate on wieetor not and, if so, to what
extent science teachers’ understanding of the eatuscience influences their
teaching practices (Brickhouse, 1990; Gallaghe®li®ederman, 1992; Mellado,
1997), some consistency between them was realetiuls study. Most basically, all
the case teachers presented scientific constregts force, moment, and heat) in a
realistic sense that they really exist. Particylarlthe case of Mrs. Darika—the most
experienced teacher who taught in the most supgostthool, she tended to teach in a
manner consistent with her understanding that seknowledge is acquired
through doing experiments. However, such consistencarely apparent in the case
of the three younger teachers. Other educatiomaieras (e.g., classroom
management, school context, and instructional esiphaight hinder them to teach
in a manner that reflects their understanding efrtature of science (Lederman,
1999). There is no claim about relationships beihwtbe teachers’ understanding of

science and their teaching practices made in thdys

Summary and Discussion

This chapter has described the teaching praabicisir physics teachers
based on interpretation of their background, cotoep of science, and conceptions
of teaching. It is evident that their teaching pices were content-driven and
emphasized numerical physics problem solving, ajnbinmaster students’ test-taking
skills for future education. With this stance stusual that the teachers focused only
on physics content (e.qg., definitions, formulag] parocedural approaches) and
ignored students’ alternative ideas associated eattient being taught. As a
consequence, they were very influential in classraiscourse. In addition, they
favored behaviorist strategies (e.g., reinforcenagick punishment) to control student
learning and behavior in expected ways. This trawll way of physics teaching can
be better understood when the following analysoissidered.

Considering each of the case teachers individuaedigsistency between
teaching practices and conceptions of teachingeaasy observed. This could be
assumed in an optimistic sense that each teadieen@ted at best to achieve what he
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or she considered as “good” science teaching inengontext. However, instead of
educational theories of learning or education refdocuments, what the teachers
considered as “good” science teaching is stronglyenced by their personal
experience as students in science classroomsisllihey referred to impressive
events of what their former science teachers hag @s exemplars, which were
intentionally imitated or adapted in their preselassrooms. This strongly supports
what Blanton (2003) and Nashon (2006) observeddghit¢ often science teachers
tend to teach the ways they had been taught.

To understand this phenomenon, Lortie (1975: 6le®plained the process of
self-socialization by which students had obserbedt¢aching practice of their
teachers while studying. It is what he called “dpprenticeship of observation.” They
learned about teaching from a student-orientatesbgetive like “an audience
viewing a play” without appreciating instructionatentions and decisions made by
their teachers. As a consequence, the studentgrbhddally developed conceptions of
teaching based on what they were personally impdegasth in the teaching practices
of their teachers. Thus, such self-developed cdimepof teaching tended to
emphasize affective aspects (Weinstein, 1989).darse, this process could be a
beginning of situated learning through “legitimatripheral participation” (Lave and
Wenger, 1991) in science classrooms.

Since the process of self-socialization duringostlage had normally taken
many years, personal conceptions of teaching vadrest and not be changed easily
even though they might be challenged during teaetiecation courses (Zeichner and
Tabachnick, 1981). Once those students becamagingcteachers, “what constituted
good teaching then constitutes good teaching nbwrtie, 1975: 65-66) and acts as
referents for them to teach in similar manners, (iraditional instruction). This is
based on an assumption that their students willemggte and be impressed by their
teaching as they (as student) had been before eGoastly, teaching “is more a
matter of imitation” (Lortie, 1975: 63) than beibgsed on educational theories of

learning or education reform documents.
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Along with self-developed conceptions of teachimgjmilar mechanism can
occur in the development of conceptions of scieAsenoted by Lederman (1992),
“one’s understanding of the nature of science tsargimple matter of being exposed
to accurate readings or instruction” (p. 344) lsutniostly influenced by “instructional
behaviors, activities, and decisions implementgadéachers) within the context of a
lesson” (p. 351) particularly on a regular basiac8 the case teachers had studied
physics (and science in general) through traditiorsaruction (i.e., presenting
content and mastering numerical problem solvindpictvthe nature of science was
rarely made explicit, it is likely that this traidibal way of teaching had unconsciously

but persistently produced some “distorted” conaaystiof science.

Gordon (1984) illustrated possibilities of “hiddearriculum” that can result
in a distorted or “bucket” image of science. Foamyple, a well-structured order of
science content being covered implies the natuseiehtific knowledge as a string of
facts to be accumulated; the right answer requised particular problem/question
implies the objective nature of scientific knowlegl@nd verification of scientific
knowledge through experiments implies its statulseasg out there instead of what is
constructed. Thus, during years of involvementadlitional instruction without an
emphasis on the nature of science, it is likely tedundancy of these implicit
messages that orient to a distorted image of sei@ng., realist account) can be
conveyed from teachers to students through ordiclassroom language (Zeidler and
Lederman, 1989).

Given this analysis as sensible, it is interestingemind that the case teachers
were implementing traditional instruction throughiah they had studied science in
their present classrooms as a result of the pradfesscupational socialization.
Therefore, it may not be too pessimistic to asstiraetheir present students were
developing or absorbing conceptions of teachingelbas those of science similar to
theirs through the same mechanism (i.e., appresftipg Also, it may not be too
pessimistic to imagine and concern that some cfdtsbudents will become science
teachers in next following years after completingacher education program and,

consequently, will favor implementing traditionastruction in their future science
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classrooms. As a consequence, traditional instmatiill be retained in education
systems. Volkmann, Abell, and Zgagacz (2005: 8@Hgd this phenomenon as “the
cycle of teacher-centered didactic science instvact

However, it is not fair to place all the criticison teachers since the
circumstances in which they teach also supporéntiein of the traditional
instruction. McRobbie and Tobin (1995: 383) onadsead a critical question of “why
traditional practices continue to be supportedreti®ugh they are directly
challenged by reform efforts. Consequently, thelidated four “cultural myths,”
which include transmitting knowledge, being effrtiemaintaining curriculum rigor,
and preparing students for examinations, which taairtraditional instruction among
science teachers in countries (Tobin and McRoHI886). Also in this study, the
cultural myths were exhibited within teaching prees of the case teachers who often
lectured students (i.e., transmitting knowledgehaerned with content coverage
rather than student understandings of contenf (haintaining curriculum rigor and

being efficient), and preparing students for tests.

These cultural myths (perhaps among other cordéidators) play an
important role interacting dialectically with coqt®sns of teaching held by
individual teachers in order for them to make bét@wiable in a particular context,
including student reaction (McRobbie and Tobin,3;9Bobin and McRobbie, 1996).
If contradiction between personal conceptions a€lténg and cultural beliefs is
perceived, the teachers need to either complycan@le both of them (e.g., Zeichner
and Tabachnick, 1981; Brickhouse and Bodner, 1992)they may resist
compliance and affect changes in the status qgqg @&bell and Roth, 1994).
However, the latter seems to be unusual, occumipgrticular conditions such as a
confident, enthusiast teacher working in a contgen for new practice. Through this
dialectic interaction, once the teachers achiemadaking viable behaviors in their
context, “a referential system” (McRobbie and Tqlifi95) of teaching practices
exists unless they will experience “cognitive diséigrium” (Briscoe, 1993) between

both of them again.
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In this study, it is mostly clear that Mrs. Rattaended to have a strong
referential system of teaching practices since sith,a long history of teaching
physics, eased articulating her personal conceptibteaching viable in her teaching
context. This is a bit different from Mrs. Darikdhw returned to teaching physics five
years ago and tended to experience cognitive digagum since some of her
personal conceptions of teaching was incompatibleer new teaching context,
resulting in formation of a new conception of teaghfeeding content). In the case
of the two novice teachers, it is likely that thegre in processes of articulating their
conceptions of teaching and compromising them teiithing contexts in order to

develop a referential system of teaching practices.

In order to change traditional instruction, theref Tobin and McRobbie
(1996) urged science teachers to reflect on tHedtia relationship between their
personal conceptions of teaching and perceivecegtudl| constraints. In a similar
vein, Briscoe (1993: 984) suggested that:

... those who seek to assist in that change musimigtprovide opportunities
for teachers to make explicit and reflect on tipeirsonal referent beliefs, but
provide experiences that assist teachers in tlenodation and

reconstruction process.

Given the fact that conceptions of teaching asgediwith traditional
instruction held by the case teachers began torpesld during their school age, thus,
it IS necessary to initiate them to engage in tloegss of reconstructing their
referential system of teaching practices in lighthe education reform policy. In
doing so, collaborative action research is usea @mtext and opportunities for them
to reflect on such dialectic relationship and rexlereformed-based
recommendations into their teaching practices. Ad chapter describes that
process by which the teachers and the researcherimwlved in collaborative action

research.



CHAPTER V

COLLABORATIVE ACTION RESEARCH

Introduction

This chapter addresses the second research quesiiov do physics teachers
engage in collaborative action research and learmnprove their teaching practices
in response to the education refor® important to remember at the beginning of
the chapter that the two experienced teachers (Maska and Mrs. Rattana)
withdrew from the study after the first semestes.a®consequence, there were only
two beginning teachers (Ms. Jantra and Mr. Sakgyaijcipating in the collaborative
action research with the researcher—a beginnirigraotsearch facilitator.
Therefore, results of the second research questoe derived overall from the three

participants engaging in collaborative action resea

As noted in Chapter lll, the results of the secoegkarch question are
presented in a narrative form in order to provite ieaders with details of a
developmental process of the collaborative actgsearch since it was initiated. In
the narrative, the readers can trace the involvéwiethe researcher’s actions and
intentions during the study, so they are alloweddtermine his influence on the
teachers’ engagement and learning, and vice viersallaborative action research.
Nevertheless, as analyzed using the constant cathgamethod, the results can also
be presented in a set of categories. To ensuretiwbdaesearcher intends to

communicate, four categories of the results arsgmed as follows:

1. The teachers engaged in collaborative actiseareh with a number of
concerns; however self-concerns were less likelyetonade explicit.

2. The teachers tended to accept a reform-basadiational idea introduced
by the researcher, but they denied it later whewy tierceived that the idea did not

meet their concerns.
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3. The teachers engaged in collaborative actiseareh in order to fulfill
needs or alleviate their concerns, leading thetaam to improve their teaching
practices.

4. The teachers’ learning as a result of engagememollaborative action

research has the potential to create change intdaahing practices.

As presented in a narrative form, the chapter Isegith a description of a
process by which the three participants initiatedallaborative action research
through discussing and negotiating their sharegt@sts. Once collaborative action
research was established with a focus on partipddagogical aspects, Ms. Jantra’s
and Mr. Sakchai's engagement and their subseqeamntihg while participating in
collaborative action research are then highlighgdter that, the researcher’s
reflections on his experiences of being an actesearch facilitator as well as on
reforming science education through teacher dewedop in the context of the study

are discussed.

Initiating Collaborative Action Research

The teachers’ prior agenda to participate in collalorative action research

Students are not interested in my teaching. Theyhatting and playing ...
sometimes (girls are) making up their faces. | use@primand them but they
didn’t feel any remorse. ... | want to know whethes problem is me, the
students, or both. (Jantra, First interview, 14/ AG08)

The excerpt above is what Jantra expressed aetjianing of the study. It is
quite clear that she came to participate in thdystuth a specific agenda associated
with students’ classroom conduct. At that momeme, was wondering why many of
her students did not pay attention to her teactdegpite the fact that she tried to use
instructional strategies (e.g., jigsaw, demongimtand student presentation) to
increase their classroom participation, she didieeltthose strategies worked well in
her physics class. As noted in Chapter 1V, Janphisics class, in which she called
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on each student to answer her questions, consdytelhin the initiate-respond-

evaluate (IRE) pattern.

In contrast, Sakchai came to participate in theystumith no specific agenda.
Knowing about the study without any details fromtda, he considered it as an
opportunity to try “whatever” different from his moal teaching routine. In
opposition to the case of Jantra, the researciht@liydid not perceive any hints
indicating that Sakchai was dissatisfied or concgrmvith his teaching situation. He

described a reason to participate in the studg¢aesearcher as follows:

So long as no one initiates, I'm still passive. Wio@e comes and encourages
me to do research, it would be good for sure. ...cafedo whatever that will
increase students’ achievement. It depends onlyeili.get what you give.
(Sakchai, First interview, 9 July 2008)

What Sakchai described above supports a cautiaatian research literature
(Goldston and Shroyer, 2000; Ponte, 2002; SahasewB004) that some teachers,
when deciding to engage in an action research girojeay take a passive role,
expecting a facilitator to be their initiator. Peet al (2004: 581) reasoned that
teachers felt “safer and less confrontational’acsdmething “thought out by others.”
Hence, to help Sakchai find out the beginning sfdtdtion research, video records of
his teaching were regularly sent to him for selfdeation throughout the first
semester. He was asked to consider some aspddis)awvn teaching with a view on
improving it. Jantra was also asked to do the sasie

Exploring the teachers’ pedagogical concerns and search interests

After finishing student achievement reports fa tinst semester, Jantra and
Sakchai began to explore their pedagogical conagithsthe researcher. During a
discussion, they expressed a number of concerrishwhn be summarized as
insufficiency of laboratory equipment, heavy teachioad, inadequate time for
content coverage, and students’ small amount aifcgaation, misbehaviors, and low
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achievement. Consistently, both teachers were oarsterned with students’ low
achievement. Despite this shared concern, the imaybich Jantra and Sakchai each
figured out and would cope with it were quite difiet, depending on their
conceptions of teaching.

Jantra contended that students’ poor ability inh@atatics resulted in their
low achievement in physics. According to her, legibn in mathematical skills
hindered students in understanding physics coatemtell as solve numerical physics
problems. A consequence was that they lost int@rdsgr physics teaching.
Therefore, she proposed to improve students’ madkieal ability using an additional
exercise that would provide them an opportunitg@aanore practice with
mathematics. It was her belief that it would beed®r students to follow her
physics teaching after their mathematics obstaele avercome. The effect of the
exercise on students’ mathematics ability, and eguaently their achievement in

physics, would be assessed using a pre- and misirtder an experimental design.

Despite an agreement that students’ poor abilitpathematics could result in
their low achievement in physics, Sakchai perceihedmbalance between content
and time as the main cause. He argued that teapkigds were used up by school
activities (e.g., sport/music competitions, fardvpalrties, field trips, and speeches by
invited speakers), and these activities drove litmévitably accelerate instruction.
Thus, he proposed to develop an instructional madadlable to students whenever
they could not follow his teaching. To do so, heuwldoconduct an experiment and
teach (in a show-and-tell manner), record the tegcland burn it into CDs for
distribution. For Sakchai, this could not only as@me the content coverage problem,
but also relieve another problem that students Vugiged to do hands-on activities
due to insufficiency of laboratory equipment. Sarly to Jantra, he would use a pre-
and post-test to assess the effectiveness of tdeara student achievement.

What Jantra and Sakchai proposed are somewhastmnsvith Pontet al’s
(2004) study that teachers, when initially engagmgction research, tend to focus on
methods, techniques, and strategies that theytplachieve a particular objective,
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but “not gear themselves to gaining insight inteitlcurrent practice and the actual
situation (p.580).” Also similarly to teachers inaher Thai context, Jantra and
Sakchai began to solve the perceived problem titaway without ... reflecting
about their action” (Sahasewiyon, 2004: 501). Meezpit tended to be “actions of

others” (Ponte, 2002: 410) instead of their owrt thay aimed to change.

Jantra’s and Sakchai’'s experimental research stargig be not surprising
when considering their prior experience about neteduring practicum, they each
used to engage in experimental research, implengeatireatment between a pre-
and post-assessment of one dependent variable. idlcgatly, during the first
semester, the school district held a one-day “obass research” confererce
which they and the researcher were invited to dttenthe conference, the lecturer
from a local university spent his morning time désnog a number of experimental
research designs, validity and reliability beforeyiding suggestions about “how to

write” a research report to his audience in aftemo

Facing up a dilemma: The researcher’s point of viewegarding the teachers’

research interest

Jantra’s and Sakchai’s propositions to do expentaieesearch created a
dilemma in the researcher’'s mind. On the one hiinels his role to help them to
“get to where they want to get” (Kosmidou and Usii®91: 28), while on the other
hand, he realized that undertaking such an expataheesearch might not create a
productive learning opportunity for their professabgrowth and instructional
change. Feldman (1994: 99) supports the latteolasfs:

... if the research that teachers are asked to dainsmwvithin the paradigm for
traditional educational research, there is strovggibility that the teacher-

researcher movement will not have a lasting efbecprofessional practice.

® Mrs. Darika and Mrs. Rattana also attended thigerence.
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Furthermore, the researcher was also concerneddhéia’s and Sakchai’'s
research intention might be based on just onegbdiie classroom situation. From his
point of view, they tended to underestimate theg@eged problem—students’ low

achievement.

Challenging the teachers’ research proposals and pmpting the teachers’

reflection

After listening to the teachers, the researchentadly decided to challenge
their research proposals, asking Sakchai whetheotone knew students’ learning
problems resulted in their low achievement and hevknew that the media could
solve such problems effectively. Similarly in theese of Jantra, the researcher
challenged her idea, “Are you saying that you'rengdo ask students who normally
do not do homework to do more additional exercig®&searcher, First group
discussion, October 17, 2008)

Jantra and Sakchai shortly responded to the qussivih silence. After a
moment, the discussion was immediately turned tihean point because the
researcher felt, in his mind, that he was makimgtéachers lose confidence of their
research proposals. It seemed to be “a culturécehess” (Nelson, 2009: 566) in
which all three participants, including the resbarc hesitated to question or

challenge ideas of the others that dealt with teeussion.

The researcher then decided to encourage Jarmtr@akchai to consider their
teaching practice in light of how it influenced ith&tudents. To do so, they were
asked to check whether their teaching practics ihay feel it should be and express
how they felt, whether positively or negatively tevstudents’ reaction to their
teaching practice. Subsequently, Jantra begarfleztren her instructional action, “It
is like I'm talking with myself ... talking with thélackboard.” In an attempt to
elaborate this instance of reflection, the researtien pointed to the IRE pattern in
Jantra’s class, and asked her to think of how amygltive class fell in such a pattern.

Taking a few moments, she realized that, “I empteabdefinitions (and) asked only



135

the definitions.” In a similar vein, Sakchai refied on his question-like monologues

as follows:

| hurried and did not place importance on themdgius). When | asked a
guestion and they delayed to respond, | didn’t wAmswer if you can. If not,
I'll continue.” 1 just checked if they were listening to me. (Sak¢cFirst

group discussion, October 17, 2008)

Proposing an instructional idea derived from the tachers’ reflection

As an attempt to shape Jantra’s and Sakchai’'sctefte the researcher
continued to ask, “What do (they) really want wiasking students a question?”
Then, both teachers answered consistently thatwaeyed to gain classroom
participation from students. Since a shared conegimstudents’ lack of
participation became more apparent, the reseahipklighted the teachers’ way of
guestioning as “a living contradiction” (Whitehe&00) in which they expected to
gain student participation by asking questions,domprisingly, their way of
guestioning denied it. Consequently, the reseaidt@duced an instructional idea
that changing the way of questioning and carefiislgning to students may lead to a
lively discussion on the content being taught—tkathe teachers can gain more

classroom participation from students.

Facing up other dilemmas: The teachers’ point of \aw regarding the
researcher’s idea

However, the researcher’s idea in turn createzhthihas for Jantra and
Sakchai. They raised a number of pedagogical issla®d to the idea, which
included: (a) where and how to get “good” questiand how they can come to know
that those questions are good; (b) whether a gaedtmpn really works to gain
student participation and whether a classroom d&oun takes a long period of time;
(c) what they should do when students neither thimdut nor answer the question, or

even when disruptively responding with unrelatesivaars; and (d) how a lively
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discussion, if it exists, links to numerical physmroblem solving and whether it

finally increases students’ achievement.

Besides the pedagogical questions, Jantra and &alatbed other ones about
research. Looking from a position of traditionatiedtional research, they were
concerned with whether and how changing questiodsaaithe same time carefully
listening to students in order to create a livagcdssion can become research
activities. In other words, when implementing teegarcher’s idea, they were
concerned about what the research data is (if nor@erical form), how to collect
and analyze it, what a measurable outcome is, dather or not a research
conclusion is creditable for other people. Suchstjoas about research are somewhat
similar to ones noted by Feldman (1994).

Compromising between the teachers and the researahe

The pedagogical questions raised by Jantra anch&8aikade the researcher
frustrated in playing his role as facilitator besaiit was challenging to provide them
with the right answers as was apparent from thestjons. Perhaps, in the
researcher’s thinking, they could best answer tigosstions by themselves through a
process of “monitoring and adjusting of good piaeti(Feldman, 1994) while
engaging in collaborative action research. As aequence, the researcher tried to

compromise Jantra’s and Sakchai’s positions wisholwn, proposing that:

Before developing an instructional media, it wobklbetter if we know
exactly what makes students not understand physid3erhaps, poor math
ability may not be the only issue. (ResearcherpB8eggroup discussion,
October 17, 2008)

Explicitly, the compromise urged Jantra and Sakthalentify students’
learning problems in order for them to developeatiment effectively. Implicitly, it
was the researcher’s expectation that they wolkel itsto account cues of alternative

conceptions often emerging through students’ stesfionses during the first
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semester. For the researcher, to realize studatéshative conceptions, at least in
part, it is to better understand the educatiortahtion in which the teachers are

involved in—that is, a purpose of engaging in attiesearch (Feldman. 1994).

In dealing with the questions about research, ésearcher realized that
“action research defies easy description” (McCubchand Jung, 1990: 144). Itis
placed on philosophical assumptions radically d#fe from traditional educational
research (McNiff and Whitehead, 2002), in which té&chers of this study believed.
According to Ponte (2002: 420), “teachers comeetothe purpose of action research
by doing it, and they start to do it when theytstarunderstand its purpose.”
Therefore, an understanding of the purpose of megeearch might not occur easily
in a few discussions unless Jantra and Sakchanltegangage in action research

activities.

The researcher thus decided not to tell them asgrgeion of action research.
Instead, he introduced Feldman’s (1996) three nreshes—anecdote telling, trying
out ideas, and systematic inquiry—as ways to engageollaborative action
research. Simply put, what the researcher meantiveaghanging the way of
guestioning and carefully listening to students Wwsfirst thing for Jantra and
Sakchai to try. While trying, they were asked tonmar influence(s) of their changed
practice on student classroom participation. Atiteit, “We will then talk about
(reflect on) what happened” (Researcher, Secongpgigscussion, October 17,
2008). Jantra and Sakchai seemingly accepted sleaneher's compromise even
though many of their questions were left unanswered

Planning for action: A challenge by the teachers

Once all three participants were successful, eesextent, in compromising a
shared focus of collaborative action researchnthe task was planning the creation
of a lively classroom discussion—that is, genepsirfgood” question. At that
moment, Jantra and Sakchai did not exactly knovwckwbubjects and grades they
would teach in the upcoming semester. Neverthelbsg,were encouraged to
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generate a question by themselves, find it fromlavig sources (e.g., internet), or
ask students what they wanted to know as sooregsktiew the content to be taught.
The researcher also introduced strategies to casatesustain a lively and productive
discussion with students based on suggestiontenature (Lemke, 1990; Hammer,
1995b; van Zee and Minstrell, 1997a, 1997b; van 2660; Dawes, 2004).

The second semester began soon after a thréevaeation. In this new
semester, Jantra was assigned to teach a gradeyd@gpcourse continued from the
previous one about force and motion. In her preseutse, students (hereafter called
4/1 students) had to study momentum, work and poavet mechanical equilibrium.
Sakchai was switched to teach a grade 11 physigseowhich students (hereafter
called 5/1 students) had to study sound, light, ggmmetrical optics. His course was
continued after the 5/1 students had studied hehtvaves in Jantra’s course during
the previous semester. Only Sakchai, as a memhbe achool’'s academic
department, had participated in making decisiomafbonstructing the teaching
schedule of each teacher. Jantra knew the sultgebestaught one week before the

school was open.

The researcher followed up the questions thatdamd Sakchai each planned
to ask their students. Unfortunately, Jantra daadl it was hard for her to generate an
open-ended question about momentum, and she hamhgoPotentially, Sakchai did
ask his 5/1 students what they wanted to know abownnd. However, he argued that
the questions they raised were “not pertinent.’previded an exampléCan we hear
sound in water?” Oppositely to Sakchai, the regearthought this question had the
potential to engage the 5/1 students in a discnsgiout sound propagation in
different mediums. While the researcher tried &iify the potential of this question,
Sakchai challenged the researcher to demonstrategin an example action in his
class instead of a speech out of the class. Jeom@urred.

Once challenged by Sakchai, the researcher attbatent felt that he had
been pulled from the back to the front of the dlassi. Feeling hesitant initially,

however he accepted this challenge after consigi¢hie@ pros and cons. The main
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reasons were that he wished the teachers to ditoairrstudents’ ability in thinking
and engaging in a discussion when prompted to dbreagh different ways of
guestioning (van Zee and Minstrell, 1997b). Morepaa opportunity to observe
teaching of another could potentially make themibég consider change in their
practice (Tobin, Tippins, and Hook, 1994). In therst sense, however, the teachers
might probably lose faith in the researcher if shedents did not actively engage in a

discussion. Based on this reasoning, it was waoythd.

Trying out the idea by the researcher

In Sakchai’'s 5/1 class, the researcher raiseceatgun about sound
production, which was considered the most basicegtnof the topic, as follows:

Imagine that there will be a new student to studthis class soon.
Unfortunately, that student has been deaf sinagdseborn. It means he has
never heard sound. It is lucky, in an unfortunaés Wwowever, that he is
literate in reading and writing. As you all aredsting about sound, how
would you help him know that there is sound ocagrwutside his world?

(Researcher, Teaching in Sakchai’s class, Noveri#e2008)

The 5/1 students felt hesitant to express themsdat the beginning. However,
with encouragement, some of them felt more comiidetéo walk in front of the class
and propose ideas. The classroom discussion sipeglgin with an idea of developing
a computer animation with a written explanationtfoe deaf student to see and read.
The discussion gradually proceeded to some ofttideats’ attempting to explain
how sound occurs. According to them, sound ocaors fan impact between two
things—either an object and an object, or an olgadtair, or air and air—that makes
vibration resulting in sound. However, what the 8ldss were struggling with was
whether or not such impact was necessary. Takiegaod a quarter hours
approximately, the teaching period ended with dquestion, arguing that when

tearing a piece of paper, which makes sound, tlkare impact.
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In Jantra’s 4/1 class, the researcher simplified2f" item in the study of
Singh and Rosengrant (2003: 616) to initiate audision. The question was selected
because it relates to momentum about which thetdents were studying, and it
could potentially probe their conceptions of foez& motion. The question was:

As shown in (Figure 2,) rain starts falling vertigalown at a constant rate
into a cart with frictionless wheels which is hanitally moving at a constant
velocity on a slippery surface. How would the caxtelocity be affected when
rain water is gradually accumulating more and moithe cart? (Researcher,

Teaching in Jantra’s class, November 20, 2008)

Figure 2 Rain drops are falling down into a moving cart.
Source: Singh and Rosengrant (2003: 616)

When compared to the 5/1 class, more effort wasired, to initiate and
sustain the 4/1 students’ discussion. It was netyias many of them denied
expressing their ideas. Nevertheless, the disauseas slowly continued by a few of
them while the others participated by silentlydighg. By a show of hands, most 4/1
students believed that the cart would slow dowrabse of its increasing weight,
which causes an increase of friction (even thobghproblem states clearly that the
surface is frictionless). Based on “v = s/t,” d gind her fellows argued that there is
no mass in the formula, so the cart’s velocityaastant. Using “p = mv” with limited
mathematics ability, a few boys contended thatctrewill move faster because of its
constant momentum and its increasing mass. Theslgm was ended while one of

the boys, who believed that the cart will movedasivas challenging most of the
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students that the surface is frictionless, so mkddmot matter how much the cart

weighs.

The researcher’s reflection on the idea tried

The researcher was personally impressed by tlerstsiin both classes as
they purposefully engaged in the discussions, wivete different from what he
observed in the first semester. Their discussibasesl some productive aspects of an
inquiry-oriented discussion (Hammer, 1995b: 421\wimch the students, though not
all, were finding key issues underlying the disomss; constructing arguments for the
issues; connecting the arguments with other sdnatiand attempting to build a
shared understanding. These aspects convincedgsbarcher that his idea—changing
the way of questioning as well as that of reactmgtudent answers—could gain

student classroom patrticipation.

As an activity of collaborative action researclg thsearcher shared his
reflection on the classroom events with Jantra%akthai. He also contributed ways
for continuing the discussions with them. For exbanim order for the 5/1 students to
understand that the impact (or hitting) is a foirmedium disturbance, the question
of tearing a piece of paper had potential to iniiedother forms of disturbance (e.g.,
bombing, rubbing, and blowing). For the 4/1 clasany of the students tended to
believe that the more the cart’s mass (and weigbtgases, the slower it moves
regardless whether or not the surface is frictiss@&loreover, in reasoning a
phenomenon, they relied heavily on physics’ forrmwathout conceptual
understandings. Thus, it seemed necessary thafllstudents’ understanding of

force and motion needed to be further probed arndldped.

The teachers’ reaction to the researcher’s suggesti

As noted by Brickhouse (1993), individual teach®ase their own criteria to

account for the success of each instruction, whmely or may not be consistent with
those in academic research. It became apparenisistudy that Jantra and Sakchai
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did not consider the same aspects of the classesamts as the researcher did.
Despite an agreement that student participatiealisable in an instructional process,

Sakchai expressed his major concern about the ristitee relationship as follows:

If we teach this way (classroom discussion), I'mh siore how much content
can be put into the mid-term test. ... | know it (ltat participation) is good
and | would do it if time is flexible. (Sakchaix@ group discussion,
December 8, 2008)

This might not be surprising when considering deden the researcher’s pilot
survey study (Ladachart and Roadrangka, 2008)nasm. In that study, twelve of
seventeen informant physics teachers in this poaviwhich included Jantra, spent 30
minutes or less in teaching sound production. Mexifically, three of them spent
10 minutes only. This was opposite to the 5/1 &adiscussion in which the students
took over one hour but did not reach a shared asrar of sound production.
Considering only progress of covered content couddte Sakchai reluctant to
continue the discussion. He also added that, “There lot of things in books. Most

of them are about calculation.”

In a similar vein, despite the fact that the 4(idsnts did not fully understand
the concept of force and motion, Jantra felt relntto go back to teach content
already covered There were other topics (e.g., warkpower) that were waiting for
her and the students to teach and learn. Furthermmbe argued that the classroom
discussion was not so successful in gaining pagtmon of all students. She said, “I
saw some boys sitting in the back of the class wkatting.” Seemingly, Jantra

expected to see all students’ participation fromrsearcher’s first attempt.
Clarifying the different points of view between theteachers and the researcher
By consulting literature, Jantra’s and Sakchai'sideof the researcher’s

suggestion to continue the discussions was undhelstde. Hammer (1995b: 427)

explains this situation as follows:
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Teachers often feel a conflict. ... On the one hdmely want to devote
time to students’ exploration and reasoning; onatner hand, they have a
certain amount of material to “cover.” ... The codiflior teachers remains, of
course, if we measure content-oriented progregsedynumber of topics we

cover. (Quote in original)

To alleviate this conflict, Hammer (1995b) contiaude suggest that teachers
need to broaden their traditional view of contenéiated progress. They should not
consider only an amount of covered content but alpoocess of knowledge
construction. In this present study, it seemedrégddo facilitate Jantra and Sakchai
to appreciate the value of the students’ constrnadif their own understandings—that
is, they needed to hold a constructivist view afctang and learning.

However, what was required urgently before thitaborative action research
collapsed was not to promote Jantra’s and Sakch@vgs of constructivist teaching
and learning. It had become clear to the reseatblaéa demonstration of a
constructivist instruction in front of the classnopas requested by Jantra and
Sakchai, was not useful in terms of promoting tpeafessional growth and
instructional reform. Reconsidering and remodedngvities of the collaborative
action research in a way that suited Jantra’s akal&i’'s needs seemed more
important at this moment. Guidance on this was bffsted in the literature on

beginning teachers.

Reconsidering the conduct of collaborative actiongsearch

Literature in education (Fuller, 1969; Fuller é®own, 1975; Veenman, 1984;
Adams and Krockover, 1997) has consistently indiddbhat beginning teachérs
typically are concerned with themselves (e.qg.,igtaih controlling the classroom,

comprehension in content knowledge, and personastent in school), and not

® Beginning teachers may be classified differentlylifferent studies. Based on Veenman'’s criteria
(1984), Jantra and Sakchai can be considered aslragteachers who have less than three years of
full-time teaching experience.
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concerned with the students’ learning process. iBhasdevelopmental stage in which
beginning teachers lie as they are forming persomadjes of themselves as teachers
before shifting to more concern with student leagniKagan, 1992). In this present
study, it was reasonable to assume that both Jantt&akchai positioned themselves
in this stage as it was evident in their talks alieaching in which they both took the

role of teacher and that of student interchangegag Chapter 1V).

Based on this assumption, to facilitate profesdigravth of beginning

teachers like Jantra and Sakchai appropriately:

... Needs such as security, affiliation, and seléest must be satisfied first
before beginning teachers can behave as autonooneedf-actualized
persons and respond more adequately to the readitidneir circumstances in

order to perform a successful and satisfying jdeefiman, 1984: 165)

Moreover, “attempts to force a different focus tiéation (from beginning
teachers’ developmental needs) may be misguidedf@, 1992: 163).
Consequently, the researcher began to realizénthauggestion of creating a
classroom discussion with students in order fonthe construct knowledge might
not be appropriate for Jantra and Sakchai sindiel ihot fulfill their developmental

needs.

Similarly in action research literature, MitchdReilly, and Logue (2009: 346)
suggest that a strong benefit for beginning teacteeengage in action research is the
“power and voice” given to them to help make infedhdecisions about their
teaching when “confronting real problems.” In capinith at-hand problems
effectively, it tends to be technical and practeapport, not reform-based
recommendation, for which beginning teachers |ld@@kset al, 2001). Thus, taking
advantage of being in a real classroom, actiorarekdas used potentially to help
beginning teachers understand the complexitiesauftting (Kosnik and Beck, 2000),
prepare them to be reflective on these complexiiess, 1987), and develop their
images of self as teacher (Rosaen and Schram,.1997)
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Turning a focus to the teachers’ classroom-based pblems

Thus, in an attempt of renewing collaborative@ctiesearch, the researcher
asked Jantra and Sakchai to express classroom-padddms they each perceived in
order to generate a discussion. The aim of thaudgon was to collaboratively seek
ways to cope with these problems. To do so, theareber tried to create a safe place
in which the teachers felt free to disclose theif-eelated problems (Goodnough,
2003), saying “We do this with an aim to help onetaer (find appropriate
solutions). We just share our perspectives. It ddp@®n the one who teaches finally
to make decisions” (Researcher, Seventh group sksmu, December 18, 2008).
Under this condition in which the researcher ttiethe more open and flexible, the
teachers seemed more comfortable to initiate aigsson. Normally having been

quiet, Jantra began to raise her classroom-basddiepn as follows:

| observed each group while kids worked (on an@&gersheet). It was not
what | intended and expected. | wanted them taudsand think together.
But, they worked individually on their own. (Jant&eventh group discussion,
December 18, 2008)

Jantra’s problem created a fruitful discussion agite participants. It
became clear in the discussion that what Jantriaediso succeed was to engage
students in small-group discussions, not a whasscbne as previously suggested by
the researcher. In responding to this, Sakchaiqe®eg some strategies in order for
Jantra to deal with the problem. Obviously, hiatsigies primarily aimed to control
students’ behaviors. For example, he suggestedalantell the 4/1 students, “Say
opinions of the other. Do not say yours.” For hitmyas, “A way to control them to
talk (with others) automatically.” Jantra accepB8akchai’'s strategies gently.
Nevertheless, she attempted to reflect on herraeta proposed a strategy for herself

as follows:
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Today, | sent this (a set of information and exaraheets) for all (students).
If I only send this one (information sheet) for eagoup and let one of them
(in the same group) read for the others. I'm noé suhether they will discuss
more. (Jantra, Seventh group discussion, Decen@&)&2QD8)

Consequently, the researcher also shared his peikgpeegarding the nature
and number of questions given in the exercise shreetder to evoke Jantra to
consider a relationship between her action anidnipdication on students’ learning

behavior as follows:

| sat near a group of students and | saw them ihgp&t one sheet before
writing down on the other one. ... | guess they migbtry that they could not
complete it on time. (Researcher, Seventh groupudgon, December 18,
2008)

During the discussion, the researcher began tceajgte the power of the
conversation between Jantra and Sakchai as trematitd purposefully to deal with
their “own” classroom-based problems. By sharingpectives associated with the
problem, it fostered collaboration between themictinad been rare since the
beginning of the study. It also allowed Jantra—ghablem owner—to reflect on her
teaching practice with a view to improve. Howe\ater gaining different
perspectives from the others, Jantra tended toctxipe researcher to make a decision
for her. Refraining to do so, the researcher exgakber, in turn, to make “defensible
decisions” (Feldman, 1999) using a number of petspes provided for the sake of

her own class.

Appreciating the discourse as the conduct of collalrative action research

After the discussion, all the participants appresdats usefulness and agreed
to continue next time. To make such discussion rattetured and hopefully useful,
the teachers each decided to prepare a lessohadaa on their own ideas for
discussion before and after its implementatiomas important to note that writing a
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lesson plan and reflecting on its implementatios wat normally done by both Jantra
and Sakchai. Nevertheless, they committed themsédvedo so in order for the sake
of improving their own teaching practices. Indifgcbut influentially, as the school
was positioning itself to be a candidate of “Kin&sward Schools,” the teachers
expected to use this opportunity to develop leggans whenever asked by the

school’s academic department.

Since Jantra and Sakchai taught different physiosenit in different grades,
lesson plan discussions varied, depending on ithteirests such as content being
taught, classroom situations, and students’ wohle ifitial discussion, as it was
structured, tended to take “a stance of expertudtatson” (Nelson, 2009: 577) in
which they each focused on their own lesson plahexpected the researcher to
provide suggestions. During that period, there hitths collaboration between Jantra
and Sakchai. As they engaged longer in discussibas,collaboration became
noticeable. In addition, since they discussed otiquéar issues many times, the
nature of discussions was iterative. The followiwg subsections describe each
teacher’'s engagement and learning separately.i§ because Jantra’s and Sakchai’s

major concerns were laid on different instructioaspects.

Jantra’s Engagement and Learning

Discussing a lesson plan

To engage in a discussion, Jantra prepared anlggan named “power.” As in
the plan, she intended to begin the lesson by gsKihoving the same distance,
which of the following, a walker or a runner, wié more tired?” It was her intention
to use an everyday-life question to begin the lesBlsing this question, she expected
students to answer that the runner would be moed than the walker because of the
different duration each of them spent in movingshme distance. Giving the same
distance, she also expected the students to kretvwwitrk done by each of them is
equal. As a result of the different durations a#i a®the equality of work, the
students could be able to discern that the ratéheth work is done (or power) by the
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runner is higher than that by the walker, resultmthe runner being more tired. She
would use this line of logical reasoning to predeetcontent of power (e.g.,

definition and formula).

Interpreting from the variation framework (Linghi&, and Pang, 2006;
Marton and Pang, 2006), Jantra’s question is basessumptions that work each
done by the runner and the walker are equal (iam@riand that the durations each of
them spent are different (varying). The latter sesemsible while the former is quite
unclear. Using animate bodies (the walker and thee&r) may not be clear enough
for the students to discern the invariance of wbrkmechanically taking into account
work done by the runner (or the walker), what obgould be considered? And,
what force exerts that object and causes it to rhd\erefore, the question seems
insufficient in providing a condition where the dénts could discern power
difference. Thus, they may not be able to followtdas line of logical reasoning that

links the notion of being tired to the concept ofyer.

As the discussion was continued, it became app#ranantra rarely
analyzed the target content in planning this lesStwe could not mention prerequisite
knowledge (i.e., work, force, and motion) necess$aryhe students to understand the
concept of power. In an attempt to help her anallgeecontent, the researcher

suggested as follows:

(Before teaching power) we may need to check ¥ (lseudents) can write the
forces acting on an object in a given situationDo.they know if each of
these does or does not produce work? (ReseardgéthEroup discussion,
December 29, 2008)

Trying out the researcher’s suggestion
As a result of the suggestion, Jantra added oes-epded item in her

multiple-choice mid-term test which required thedgnts to draw a force diagram of
an object placed at rest on an incline plane. Aésting, the item showed to Jantra



149

that only a few of the 4/1 students could drawatse diagram correctly. It was this
fact that attracted her attention as she disappdiynsaid, “I taught it already.” By
asking some intimate students, Jantra describe@ sdfeedback she received as

follows:

They (students) told me that | teach quickly arelyttbon’t understand. But,
they can't tell what they don’t understand. TheiglsaVe don’t understand
all (content)! Who knows what they don’t understand? (JantrattNgroup
discussion, January 12, 2009)

Using a more-open form of assessment evoked Jantealize her students’
ability in following her instruction (Carter and Bmson, 1997). In dealing with this
unknown situation, she along with the researchiengited to figure out “what they
don’t understand” by considering the force diagrawmgten by the students. Though
varied and unclear, one outstanding theme wasihay of the students ignored the
normal force (N) or wrote it incorrectly. As a ceqgsience, the researcher suggested
that Jantra should investigate their understandirigrce-diagram writing in more
detail using several situation instances. The ssiggereturned the original conflict

back again.

Researcher: If they (students) can’t write a faliggram, they may not
understand (work and power). It is a basic prirecip
mechanical equilibrium also. Do you want to helernthdo
this? Or, will you continue?

Jantra: Go back to force? ... | have only one month.

(Ninth group discussion, January 12, 2009)
Paying attention to students’ thinking
Jantra eventually decided to go back to force witbertainty that she might

fail to cover the remaining content (i.e., powed amechanical equilibrium). She and
the researcher worked collaboratively to desigaralver of static one-object
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instances for force-diagram writing. The studenéserasked to do this task as an
additional assignment. In addition to walking ardua monitor whether or not the
students were working on task as normally doneydavas asked to do two more
things. “See how they (students) write and ask thiey write in that way”

(Researcher, Ninth group discussion, January 129)20

After observing the students’ force-diagram wagtidantra noted what she
found into a journal entry as the following list.

— Students don’t know the difference between “rédugti'slippery” surfaces.

— Students don’t know whether or not there is ‘mtyen an object is placed
on the ground.

— Students don’t know that there must be ‘N’ wharohject is placed on the
surface.

— Students understand that ‘mg’ must always begposition to ‘N.’

— Students sometimes add an unnecessary forcéhmystem.

(Jantra, Journal, January 14, 2009)

It was important to note that the 4/1 studentsdrguerienced force-diagram
writing and classical mechanics problem solvingpath Sakchai’s basic physics and
Jantra’s advanced physics classes in the first seméNevertheless, the above list
clearly indicated that they rarely understood ftisltends to support what Kim and
Pak (2002) put in the title of their study, “Stuteedo not overcome conceptual
difficulties after solving 1000 traditional probleti

Jantra began to question the effectiveness of\warteaching in promoting
the students’ understanding of physics contenhassted in the same journal entry,
“Teaching so much (advanced) content doesn’t mieainstudents get it. Like a
journey, | arrived. But, where did | leave them inel?” Additionally, she assumed
that not understanding the content could makettlnests lose interest in her

teaching as she wrote, “This may be a cause ofthny come to the class late and
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why they chat while studying.” As a consequencatrdabegan to look for a way in

which she and the students could “walk togetherthat journey.

Despite recognition that most of the 4/1 studerdsndt understand force-
diagram writing, Jantra was not sure about its eaM®st interesting for her was why
the students understand that ‘N’ and ‘mg’ mustrbepposition, which she never
taught. In attempts to investigate a source ofgbisalled misunderstanding, Jantra
came to know that some of the 4/1 students remezdbefrom an outside-school
tutor. It seemed harder than normal, for Jantréeach against what they were

unscientifically taught in addition to their expentce-based preconceptions.

Attempting to promote students’ understanding of nemal force

By consulting literature particularly in promotiag understanding of normal
force, it seems necessary to challenge the studgerds understandings using
strategies such as bridging analogies (ClemenB)1@@mputer simulation (Finegold
and Gorsky, 1988), and several-instance discussmssek a valid explanation
(Minstrell, 1982). However, due to pressure of tlx@aining content, Jantra preferred
a shortcut. She considered direct instruction gsagiate by providing conditions
indicative to the presence of particular forceg.(ang, N, external force, and
friction). For example, if an object is in touchtlva surface (e.g., ground and wall),
there is presence of the normal force whose dords perpendicular to the surface’s

plane. Sakchai supported this decision.

Results of implementing direct instruction were siaccessful in terms that
many of the students could not write a force diagcarrectly. For example, some
students compromised what they learned from tha artd from Jantra as shown in
Figure 3. ‘N’ and ‘mg’ were still in opposition wiei‘N’ was perpendicular to the

surface’s plane respectively.
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Figure 3 A force diagram drawn by a female student.

Jantra realized, “Just telling them doesn’t mdiaat (students) believe (in
physics content)” (Tenth group discussion, Jand&ry2009). Nevertheless, she
argued to implement it one more time. Consequeallyhree participants of this
study participated in designing instances for fedi@gram writing again. During this
process, although the researcher suggested tHeetsacse simple instances, it was by
intention (and perhaps accustomedness) that thelgdatiore complex ones, such as
dynamic two-object instances. Jantra argued fanglthis later by saying, “If they
(students) get this (force-diagram writing of coeinstances,) mechanical
equilibrium will be easy” (Twelfth group discussiaranuary 27, 2009). In other

words, she looked forward to the remaining content.

After observing the students write force diagradastra came to share
learning difficulties she encountered with the otive participants. For example,
when the head of an arrow representing an extésnad directsn to an object at an
angle to the x-axis, many of the students did me&ak or incorrectly broke it to x-axis
and y-axis components. In facing events like tii® recognized limitations in her
ability in explaining physics content to the stutde\s a consequence, she asked for

suggestions.

Jantra: | can’t explain. | just know that it must like this. If you
(Sakchai) were me, how would you explain?
Sakchai: Can we tell them (students) to use thasaieference?

Jantra: | did that. But, they don’t understand.
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Researcher:  After breaking, its components donithathe object. So, they
wonder how each (component) is related to the bbjec
Jantra: Yes. ... It's hard to explain.
(Twelfth group discussion, January 27, 2009)

Knowledge/perspective sharing became often asaleaised questions in the
group discussion. Her questions sometimes urgepatteipants to discuss about
physics content more conceptually such as, “Whenatxject is placed touching
another object, is it necessary for a pair of @actieaction) forces to exist” (Twelfth
group discussion, January 27, 2009). Sometimesaskedd about assessment such as,
“How can | assess a force diagram in which a studses a dotted arrow (instead of a
line arrow)” (Fifteenth group discussion, Februa6y 2009). On some occasions, she
raised a more critical issue such as, “The act sagshing and the (national) test
assesses the other. Why aren’t they consistengv/@aith group discussion, January
19, 2009). Some of her questions generated a sgbnr@ndless discussion while
others ended with a few sentences.

Longer than average, Jantra had devoted six e(aggproximately 300
minutes) for direct instruction and student praecabout force-diagram writing
Nevertheless, many of the 4/1 students could nib¢\&rforce diagram correctly,
particularly on her complex instances. As a reshig decided to illustrate the notions
that “force is abstract” and that an arrow is ysbolic representation, instead of
repeatedly telling the students that there is fancerealistic sense. In doing so, she
planned to use a real example by asking the stadenteight a sand bag hung with a
spring balance resting on a compression balansb@sn in Figure 4. Also, in doing
this, she wished to introduce the concept of meichhrquilibrium—the remaining

content.
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” Spring balance

Sand bag

Compression balan

Figure 4 Arrangement of equipment used by Jantra to riietnormal force.

As in her plan, Jantra intended to ask the 4/desits to observe and record
values shown on the compression balance (N) whemngpa value read from the
spring balance (T). Given the sand bag’s weight)(imgonstant (invariant), she
expected the students to discern a relationshipdet the values shown by each
balance in terms of a linear equation—T + N = miged, she would transform it to a
symbolic representation. The normal force, whiagh¢bmpression balance acts on the
sand bag, would be highlighted as it is equal to N.

However, the implementation of this lesson wasasotasy as Jantra
expected. Due to inadequacy in laboratory equipnstr@ had difficulty finding
compression balances and, with the support of entdtey teacher, she finally used
Ohaus triple balances designed to weigh chemidadtances instead. As this was
their first hands-on physics activity, the 4/1 sint$ were not comfortable with using
both spring and Ohaus triple balances at the sang &s well as collecting and
recording data. Limitations in mathematical abibatgo hindered them to determine

the slope of a graph of N vs. T. Jantra echoedlisepuragement as follows:

| feel it's very hard. They (students) have studieat (traditional) way for a
long time. It's hard to change within a short pdrad time. It may take a few

years or more. (Jantra, Third interview, Februgy2009)
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As long as Jantra attempted to change heritggagpinactice in order to
promote the students’ understanding of force-dimgnaiting, she perceived
resistance. According to her, the students “feleddto study the non-calculation

content repeatedly.

Physics is (numerical) problems. This is their d@stuts’) thinking. When they
think of physics, they think of problems. Some askees, ‘Why don’t you start
with (solving) problems?They wait for problems. They don’t even know

what I’'m teaching (force-diagram writing) is impant. They think it's just an

introduction. (Jantra, Third interview, February, 2009)

At the end of the second semester, Jantra pectéitie success in promoting
the students’ understanding of force-diagram wgitiNevertheless, what seemed
worthwhile for her were the insights gained abduggics teaching as she engaged in

collaborative action research. She expressed lasvil

They (students) had told me that they don’t undeisimy teaching. | hadn’t
ever known why. | used to ask myself whether its on them. Since I've
engaged (in collaborative action research), Obath so quickly. | wanted
them to get as much knowledge as | have. | hadmé&dtwhether or not they

could get it. (Jantra, Third interview, February 2009)

As a consequence, Jantra expressed that sheetbtliz students’ potential
was a factor in physics instruction. Teaching stitisléo understand something is not
as easy as telling them once. Also, she commiteegelf not to teach them content
that is too difficult or, in her words, “jump stepShe said, “We should teach
according to the students’ pace.” Neverthelessywstseaware that a change in
teaching practice can not occur easily. She stiitpived the pressure of content
coverage as well as the students’ need of numeploaics problem solving since

some of them frequently reminded her. In doingsbe, needs time.
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It's impossible to change teaching within one ydaiakes longer. Changing

something needs time. (Jantra, Third interview,réaty 19, 2009)

Investigating students’ pre-understandings of force

During summer months, Jantra (as well as teadfether subjects) were
assigned by the principal to teach a one-week ecairaed to prepare “basic
knowledge” for new incoming students who would stptysics in the next academic
year. In doing so, she chose to improve those stadmathematical skills by
teaching unit systems (e.g., prefix, symbol, anid clrange) and basic numerical
manipulation. In addition, she exploited this ogpnity to pursue her interest in
investigating their pre-understandings of forcethi@ absence of Sakchai as he
became a morikJantra along with the researcher interviewedetigreups of five
volunteer students after school using three guidimgstions (Document, February 23,
2009) as follows:

1. When your science teacher says the term “fovdeat does it mean for
you?

2. An object is placed at rest on the ground. \Wbgsn’t it move? Is/are there
force(s) acting on the object?

3. On a very slippery surface, three objects (Aaml C) each are at rest,
moving with a constant velocity, and moving witltri@asing velocity respectively.

Is/are there force(s) acting on each of them?

Semi-structured interviews were employed tovaellantra and the researcher
to investigate the students’ pre-understandingsroke with some further probes.
Focus-group interviews were used because some alttiolents were new to the

school and the interviewers. Through these thresviews, results from a brief

" Becoming a monk is a religious commitment for TBaiddhist men. It is a belief that a man has to go
into the priesthood at least once, particularlgraompleting a degree and having a job, in oraler t
repay an obligation to his parents.
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analysis of responses produced by a few dominadests in each group could be

summarized according to the questions (Documeriiuaey 27, 2009) as follows:

1. Force is something that causes an object'samo8tudents tended to
classify things into two groupactiveandpassive Active things (e.g., people,
animals, and wind) can exert force on other thinbde passive things (e.g., table,
chair, and refrigerator) can not do the same. Aivathing sends force into a passive
thing in order to make it move—that is, an impetigsv of force.

2. There is no force acting on the object. By oiwé, the students meant no
“external” force—the force that an active thing #gen the object. In this instance,
they tended to classify force into two types: exétiand existing. An external
(impetus) force is produced by an active thing e/aih existing force is already in
nature (e.g., gravity and friction). The lattealso labeled as “pressing force,”
“resisting force,” and “constant force.”

3. Force acting on an object is directly proparéibto the object’s velocity. In
other words, there is no (external) force actinghpa constant force acts on B; and

an increasing force acts on C.

Although these results were inadequate in ternaajunt of data collected
and methodology used (e.qg., student sampling, dpaent of the questions, and
arbitrary analysis) for making a valid contributitmthe public, they shared some
aspects with the literature of students’ alterratienceptions of force (Champagne,
Klopfer, and Anderson, 1980; Minstrell, 1982; Haltoand Hestense, 1985; Alonzo
and Steedle, 2009). Most importantly, they provigedsonal insights for Jantra to
understand why the 4/1 students could not drawaefdiagram correctly—taking for
granted that the interviewee students and thetdflests shared some understandings

of force.

In other words, in considering a surface (e.g.ugtband wall) as a passive
thing, the absence of normal force in a force @diagwas not surprising. Or, when
writing a force diagram, some students might caersmhly “external” force exerted
by an active thing (e.g., pulling and pushing)tasauses motion—they ignored
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considering ‘mg’ because it is an existing force. i@ according to these results,
adding unnecessary force acting on an object shaving with a constant velocity
on a slippery surface was understandable. As eequesice, Jantra seemed to realize
the influences of prior understanding possessestunents on their learning process.

She reflected into a journal entry after the iniems as follows:

Students have their own thoughts and understar{dirfgrce). But, those are
personal, not like scientific definitions. If a tdeer doesn’t know (the
students’ prior understanding of force), assumiraj they will think in same
way as the teacher teaches, there may be incamsygbetween the thoughts
of the teacher and that of the students. So, wihddeacher teaches in
whichever ways, the students will not understadanira, Journal, February
28, 2009)

Sakchai’'s Engagement and Learning

Discussing a lesson plan

During the time that all three participants weselsng an appropriate way to
engage in collaborative action research, the stsezfrnontent were flowing
continuously. Since the first lesson-plan discusswas established, it was at this time

that Sakchai planned to begin a new chapter. Herithesl his lesson plan as follows:

My new chapter is light. First of all, I'll talk &lut use of light—how it's
useful in everyday life. Then, I'll explain its n@é and the history of light
velocity measurement. (In explaining the naturégstt,) I'll shed light (using
a flashlight) in directions to show that light teds in straight lines. Then, it is
a talk about umbra and penumitadow. ... (In teaching velocity of light,)
I'll link light to sound, which they (students) hagtudied. | may ask which of
them has more velocity. Using an example of lighgrand thunder, they’'ll
see that light is faster. (In teaching the histfriight velocity measurement,)
there are talks about methods each scientist asgetérmine the velocity of
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light. For example, Fizeau used mirrors. | havefbiisula already. (Sakchai,

Eighth group discussion, December 29, 2008)

In addition to the content described above, ia thMo-period plan, Sakchai
intended to present information about light, whietluded “photon as a particle of
light” and “gravitational lensing: a process by walhiight is bent.” In other words, he
planned to introduce “duality of light” to his 5&tudents in their first period of
studying light. Jantra commented on Sakchai’s legdan no more than, “It's good.”

In the discussion, it became apparent that Sakohde little curricular
decisions on what should and should not be taltgntould not defend why he
decided to teach particular content in details.{engthods of light velocity
measurement). It was an argument that he statéds €bntent can either be taught or
not. | saw it in books but it's not a big part.” dther words, he rigorously followed
content in tutor booRswhich mainly described information and numeriglaysics
problems in order for students to achieve welluioiversity entrance, in planning this

lesson.

For the researcher, teaching too much contentezshtb Sakchai's deep-
rooted problem of content coverage. Most importartiseems even more difficult, if
possible, to effectively promote students’ concapleiarning of all such content

within a limited period of time. Thus, the reseachuggested as follows:

Students may be confused because you're goingbh teany topics. ... My
view is that you may need to make decisions. Choaoss you think are really
important and focus on them. It'll save you timenasl. (Researcher, Eighth

group discussion, December 29, 2008)

8 Citation of the tutor books used by Sakchai ieritibnally omitted in this dissertation becausedghe

is no attempt to accuse these books of anything;hwinay result in problems. However, the researcher
is quite sure that such tutor books are easilydaanrany book store in the context of this studg,an
perhaps, else where in Thailand.
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Implementing the lesson with challenges by students

Classroom observation indicated that Sakchai didevise or reduce his
lesson after the discussion. He quickly implemeiadédteps, which included an
introduction of the “duality of light,” as he prextisly described. Being in a hurry
while teaching, his explanations of light phenomsuneh as how light travels in
straight lines and how umbra and penundiradow occur were superficially
presented. As an outcome, some of the students gslestions and, consequently,
some of those questions resulted in Sakchai’s taiogy in turn. He described one of

those questions as follows:

There are some students who read content beforelbheg asked,light has
diffraction, doesn’t it? ... It's quite difficult (to explain). (Sakchai, Teh
group discussion, January 15, 2009)

As noted in Chapter IV, Sakchai had limitatiorthie content knowledge and
language difference between physics and everyégyiany times making him
uncertain. Diffraction was one example. Using edasylife meanings, “light travels
in straight lines” seemed contradictory to a megmh“diffraction” as well as the
definition of “gravitational lensing” Sakchai preged to the students. When asked
about this contradiction, he could not provide assiele explanation to his students.

Of most concern for Sakchai was that his knowlealgibority was being challenged.

Turning a focus to physics content

After Sakchai shared this concern to the grodpjitful discussion about
physics content was followed in order for him téeefively deal with students’
challenging questions. In a discussion, it becalear ¢that Sakchai did not understand

diffraction of light scientifically. He exemplifiethe phenomenon as follows:

(Drawing a picturg This is a door (of a room) and there is a lighiblnside
the room. (Suppose that outside is absolutely Hank,can see light passing
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through a space between the door’s bottom edgéhenground. ... Itis
diffraction of light because light partly diffractise obstacle (door). (Sakchai,
Eleventh group discussion, January 19, 2009)

Instead of diffraction of light, what Sakchai debed seems to be reflection
of light. In other words, light inside the room mes off the ground and reflects to
the outside by passing through the space. It doesmean that light diffracts without
bouncing. Rather, diffraction of light is obserwabbparent when light passes a slit
whose width is approximate to or smaller than [gktavelength, resulting in a high-
low light intensity pattern on a screen behindglie(Hewitt, 1998; Griffith and
Brosing, 2009). When the researcher argued thatfghee between the door’s edge
and the ground might be too wide for a diffractpattern to be apparent, Sakchai

responded that:

| don’t know because | didn’t study it in detailldiave read several books and
they provide this example. I'm not sure whethes réflection or diffraction.
(Sakchai, Eleventh group discussion, January 1890

Limitation in content knowledge influenced Sa&chot only in planning a
lesson but also in implementing it. When he askgdestion and many of the
students contributed to the question, Sakchai cootctapture, elaborate, or even
critique their answers toward target content. B@neple, in responding to a question,
“How can we measure velocity of light,” a studensaered, “We can compare it
with velocity of a microwave because they are efjUdlis answer needs some
clarification about how that student would meagteevelocity of a microwave.
Nevertheless, Sakchai simply accepted the answbowutiany response to it. Most of
student contributions seemingly went into the lawas paradoxical, for the
researcher, in terms of why Sakchai taught advancetént even though he was

uncertain with such content.
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The answer became apparektcording to Sakchai, few high-achieving
student$ often asked him questions about physics contemintérpreted those
guestions as a way to challenge his content knayel@hd test his capability. He did
not want the students to lose faith in him, so thengpted to teach advanced content
in order to show his capability with physics contéyoticeably, whenever Sakchai
could not answer the students’ questions, he mdhitsaid, ‘1 don’t know. In

hindsight, he once used to implicitly express ttwacern to the researcher;

They (students) often ask (questions). They dieate that, I'd ask you,
teacher” They'll be very satisfied when | can’t answeBajkchai, Eighth
group discussion, December 29, 2008)

A reason of why Sakchai was not comfortable engagtudents in class
discussion, as previously noted by the researgbas ,understandable. What he
wanted to be supported was physics content, nefoam-based instructional
recommendation. As a consequence of this awaregisssissions with him were
naturally turned into topics of how light phenoméeay., diffraction of light and
lateral inversion) occur. Jantra was interesteenétely listening to the

conversation, even though she made little contiobut
Discussing about physics content and what should baught

In a discussion about the occurrence of umbragpandmbra parts of a
shadow, Sakchai presented to the group a diagrasioaen in Figure 5. Using the
diagram, he explained in a tone of rote learnirgy kach type of shadow occurs.
Moreover, he believed that for umbra and penumshealow to occur, it does not
matter how small the light source is; it can ocewen in the case of a light spot being
the source. Additionally, as also in his plan, leuld present definitions of “parallel

rays,” “diverging rays,” and “converging rays” tioet students.

° By high-achieving students, the researcher refetisose, normally boys, who have performed well
on numerical physics problems, as normally assdsgddntra and Sakchai.
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Figure 5 A diagram showing occurrence of umbra and penarmbadow.

Source: Adapted from: http://phnote.blogspot.cora2®4 15 archive.html

In attempts to engage Sakchai to think about timtemt more carefully and
selectively, the researcher asked for a reasonhghgtended to explain the concepts
of parallel rays, diverging rays, and convergingsralis answer was, “Just to know.”
It seemed that the “point-to-point light flux mapgiconceptualization” (Galili,
Bendall, and Goldberg, 1993) that light rays spreatfrom every point on the light
source in every direction, resulting in the occnoeof umbra and penumbra
shadows, was not held by Sakchai. To introduceciigeptualization, the researcher

explained as follows:

(For students to understand the occurrence of uarmtgpenumbra shadows,)
they have to understand that all spots on the saemat out light rays in all
directions. ... When drawing this diagram, a booke&vrdoesn’t, and can not,
draw all of them (light rays). He draws only fewtire diagram. We have to
know by ourselves that there are a lot more thaatwde see (in the diagram).

(Researcher, Twelfth group discussion, Januarp@d9)

Jantra then made a relevant point as she askedsttidlents know that light
rays spread out from all spots in all directionsShould they need to know?” The
former question underscores the importance of guesdée knowledge of which a

teacher should be aware when teaching particulatieot (This was at the same time
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that Jantra was considering the ability in forcagdam writing as a prerequisite for
studying work, power, and mechanical equilibriufi)e latter question implies that a
teacher has to be selective of what should be tatiglwever, at that moment, both

guestions were not what Sakchai was concerned about

Sakchai needed to know how lateral inversion oeetnaw light travels in
order for lateral inversion to occur—as he was jmesly challenged by a high-
achieving student. In a detailed discussion, it staprising for the researcher to learn
that both Sakchai and Jantra merely knew a gedefaition of lateral inversion as
written in tutor books—Ieft and right are reverskdother words, they could not
describe what the books actually mean by “left aghit are reversed.” Gee (1988:
300) argued that it was textbooks that have caagegth of lateral inversion as

follows:

... The confusion (about lateral inversion) arisesaose the observer is
tempted to rotate his or her frame of referenceuth 180° and to consider
initially left and right directions when facing tineirror and to compare them
with left and right when facing away from the mirrbeft and right may seem
to have changed directions ... the effect is causedythe mirror but the

observer’s rotation.

After clarifying the myth of lateral inversion baken Gee’s argument, the
researcher demonstrated drawing a light ray diagraimage formation by a plane
mirror using an unsymmetrical object instead oy@metrical object as commonly
used in tutor books. Based on the ray-tracing tieglen the researcher emphasized
that one point of the object results in only ongesponding point of the image
(Goldberg and McDermott, 1987). After getting se@oints of the image, the
researcher drew a line connecting each point tegethorder to form the image. Both

teachers were encouraged to do so as well. Satddraechoed that:
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It's not in the books. Whenever | had studied, swad to draw one point
(before assuming how an image looks like). (SakcHairteenth group

discussion, February 2, 2009)

After drawing, Sakchai came to know how laterakirsion occurs and why
people call it that name. Then, he was presentddamasic notion that seeing a thing
as a whole image is caused by combination of anwmable number of light rays as
perceived by a person. Consequently, the reseanatmesd Sakchai back into the

issue raised by Jantra—being selective—as follows:

We (teachers) can’t teach everything. There’s tochcontent in this world.
You (Sakchai) must select what is basic, so stwdeant use and apply it in
their future. Don’t worry that you can’t cover #ile content. It's impossible to

cover everything. (Researcher, Thirteenth groupusision, February 2, 2009)

Sakchai was challenged to make a decision on Jauguastion—whether or
not the students need to know that light rays spoed from every point of the source
in every direction. Being convinced by two phenomehlight (occurrence of umbra
and penumbra shadow and lateral inversion), Saladresidered this explanatory
notion as necessary. He eventually decided to &pi’bto teach it in more detail.
However, the decision was instantly made. Withaiailed preparation, he taught

such notion in accordance with his show-and-tatrunction.

Teaching with more emphasis on conceptual understaimgs

In doing so, Sakchai turned on a light bulb ancedske 5/1 students whether
or not they could see light from the bulb. Thenchacluded immediately that light
travels in every direction because all of them, whbaround the bulb, can see light
simultaneously. Using an idea of light passing tigto holes of a curtain that emerged
in the discussion, he then covered the bulb usipig@e of purple textile and asked
the students, “Explain what you see.” Although amswaried (e.g., light changes
color, light intensity is lower, light's not scatieg, and light is smaller), Sakchai
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pointed out that light can pass through the unahlatholes of the textile, so light
spreads out from every point on the bulb. He camthby explaining the occurrence

of umbra and penumbra shadows based on the natsemted.

Similarly, when teaching lateral inversion, Sakchsked the 5/1 students to
draw a light ray diagram of image formation by an@ mirror using an
unsymmetrical object as he previously did. He agkedstudents to use at least five
or six points in order to form an image. He walleedund to advise some of the
students. Noticeably, the student, who used tdegé Sakchai, was proud of
himself since he completed the task. He shouted‘bkimow how lateral inversion

occurs,” walking around to explain to the otheidstuts.

Sakchai perceived this event as successful. Ha fgdtin of faith from the
student who challenged him. Besides, many of theafe students did the task more
actively—they rather enjoyed drawing than solvingnerical physics problems. In
pursuing this success, Sakchai tried to draw aiayram of image formation by a
concave mirror, which would be taught later onngghe ray-tracing technique. He
found that an image created by the concave miccoraing to his ray diagram was
not exactly consistent to a ray diagram shown iwkisoAs shown in Figure 6,
regardless of size and position, the image’s sigpet corresponding to the object’s

shape. Rather, it is distorted by the mirror’'s etuve.

Figure 6 A light ray diagram drawn by Sakchai.
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In an attempt to make this inconsistency clear fieefieaching, all the
participants searched for empirical evidence onrternet. Finally, they found a
picture as shown in Figure 7, which tends to supfakchai’'s drawing of the light
ray diagram. Whether intentionally or unintentidpathis inconsistency of a distorted
image is typically ignored in common books whilensoof them clearly state that the
image is “upright.” Similar inconsistency was afsand in the case of a convex
mirror. In the discussion, the participants agréned inconsistency shown in the
books could probably lead students to misundergignés a consequence, Sakchai

began to realize the limitation of books in presenparticular content.

Frong _-"I Back

Figure 7 Inconsistency between a ray diagram and an iragigeconcave mirror.
Source: Adapted from: http://www.physics.byu.edcufty/rees/123/PPT/Class23.ppt

Sakchai did not hesitate to present this inconststéo the 5/1 students. He
asked them to draw a light ray diagram of imagenfiiton by a concave mirror using
many points. His intention was to allow the studentdiscover the inconsistency by
themselves. However, as drawing a ray diagram aferformation by a concave
mirror was more complex and time-consuming thahdha plane mirror, as well as
Sakchai being quite strict in unnecessary detéiteediagram, another one of high-

achieving students complained:

Student: For what purpose do you need a beauidigrdm?
Sakchai: To get one as similar to what we actussky.
Student: (Ironically saying,) So people are drawvtimg when they are

doing the entrance exam?
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Sakchai: You have to understand the basics firgod don’t, how will
you do the exam?

(Seventh classroom Observation, February 17, 2009)

While one group of the students, mostly who did perform well on
traditional assessments, enjoyed hands-on actiydiéew high-achieving students
favored numerical problem solving, so in turn Salc¢hed to balance needs of both
sides. In doing so, he attempted to show consigteetween an image created by

drawing a light ray diagram and a value determimgdsing a formulal f =1/s+1/s")

in order for all the students to observe the vglidi each method. During instruction,
it was also noticeable that Sakchai was more aoftee limitation of a light ray
diagram as a way used to represent purposefullestributes of an image. He

cautioned the students that:

What you draw informs you only whether the imagbigger or smaller and
whether it is real or virtual. It doesn’t inform ydhat the image we see is the
same as it (light ray diagram) is. It has limitago(Sakchai, Seventh

classroom observation, February 17, 2009)

Being aware of limitations in books and students’ndividual differences

At the end of the semester, as a result of engageimeollaborative action
research, Sakchai had learned about physics cantdeeper details than what he
had read from books. He realized that what he sHowelass sometimes was not
consistent with what he told, and such inconsisteaald create difficulty for
students to understand it. Seemingly, this maderhare interested in how scientific

knowledge described in the books has come abouexieessed this as follows:

Formerly, I've never taught in detail ... | taughetsame as the books. I'm not
interested how it (scientific knowledge) comegeligagement in

collaborative action research) helps me know sévepics more in depth

such as drawing a ray diagram. Since we’'d (thaeqgypaints) talked and
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thought together, I'm aware that what is taught whdt is actually observed
must be consistent. | had never observed this sistancy before. When you
(the researcher) asked me to draw, it's not withutiderstood. I'd overlooked
it. Now, | discover what | don’t know. (Sakchai, ifchinterview, February 20,
2009)

Besides, Sakchai seemed to appreciate that tepshmuch more complex
than telling all the content in books. He underdtb role as teacher to be selective
of what to be taught as well as how to organize &n appropriate sequence for the
students to understand. He expressed what he \iicstldnprove about his teaching

practice as follows:

First of all, | would organize a sequence of contedon’t want to follow

what people prescribed (books). What should behtaiirgt and what should
come later? Order in according to its importanaesdd to understand that, as
content like this and this, a teacher must covetfalot, seek additional time
to complete it. ... (In annually buying equipmentg) $elect equipment in the
most important topics first. (Sakchai, Third intew, February 20, 2009)

Also, Sakchai was more aware of students’ indigldiifferences. He stated
that repeatedly listening to a few high-achievihgldents influenced him to over
emphasize numerical physics problem solving. Heigadred the voices of the other
silent students who could not follow his pace aftinction. He committed himself to
use hands-on activities that would serve femaldesits’ needs:

Some of them, particularly girls, enjoyed (handsactivities). As | talked

with them (girls), they could follow (instruction)hey'd like to explain what
they think. ... Some (high-achieving boys) didn'tdik though. They wanted
calculation only. It's common because we (teacheag)t only serve the
needs of some students. ... | used to tell theéroafi't serve only one person’s
need We have others who don't like calculatibr{(Sakchai, Third interview,
February 20, 2009)
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The Researcher’s Reflection

So long as Jantra and Sakchai had learned thelewityf physics teaching
and learning as a result of their engagement ilalocotative action research, the
researcher had simultaneously learned the complekheing a facilitator in order to
promote their professional growth. It is importémnote that not only did the
professional growth of each teacher occur, asezarbted, but also that of the
researcher as an action research facilitator. Tihuhkjs subsection, the researcher
discusses his experiences of being a facilitatbis & divided into two part©n
facilitating action research for teacher developmandOn reforming science
education through teacher developmenis the researcher’s hope that these will be
useful, more or less, for those who wish to ingiebllaborative action research and
work with a group of (beginning) teachers in otfibai contexts in order to promote

educational reform.

On facilitating collaborative action research for eacher development

As one may perceive, the researcher initiateddblisborative action research
with a strong commitment to “get(ting) where (tkadhers) want to get” (Kosmidou
and Usher, 1991: 28). Later, he became awaredhatglement this commitment, at
least in the context of this study, needs carefukaeration because the teachers
initially engaged in collaborative action resealheld “a passive-learner stance”
(Goldston and Shroyer, 2000: 333) and they tendedkie their educational situation
for granted. Under this condition, it was esseribakhe researcher, at that moment,
to help the teachers “articulate where and whiattliey want to get to” (Pedretti,
1996: 324).

In spirit of this professional development, thesi@sher explored the
teachers’ pedagogical concerns. It was a factthieat concerns were several, but to
some extent, interrelated. As a consequence, fieaureher tried to “stay small, stay
focused” (McNiff and Whitehead, 2002: 85), suggestine teachers to make
progress on one particular aspect of those theyeti@oncern. Shamefully to say, it
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became the researcher’s hastiness to see a sigmitibange that made him strongly
propose the teachers to increase students’ clasgpadicipation. The teachers were
reluctant in implementing his proposal even thoiigtas one of their concerns. This
was clear enough that, under the context of cofitb@ action research, “(the
facilitator) could not direct the teachers” (Porz@02: 416).

Due to such reluctance, reconsideration about ladlatiorative action
research should be undertaken in an appropriaten@ayneeded urgently. In pursuit
of this, the researcher had struggled for a pewsiddne in seeking an action research
focus genuinely shared by the teachers. This weause some of the teachers’
concerns (e.g., content coverage and studentinpeaince on traditional tests) were
not compatible with the researcher’s constructiagegnda (Coble and Koballa, 1996),
resulting in a tension between the two sides. &sstiidy went on, the researcher’s
strong commitment of getting the teachers to wiieeg wanted to get was gradually
undermined since it brought him and the teachdosarfvacuum” situation—having

no action research focus.

As suggested, a facilitator “must balance the neétlse entire group with
unique educational contexts” (Pedretti, 1996: 384)rder to seek “a consensus ...
between what the teachers wanted to do and whafdtilitator) considered sensible”
(Ponte, 2002: 416). In doing so, negotiation arfahtke on research interests with the
teachers was suggested (Bello, 2006). Unfortungtieity seemed not so helpful, at
that moment, because both teachers expectedheaotsearcher. As it happened
once, to propose “something” was very challengiaegduse the teachers would
neither meaningfully implement nor argue on theppsal unless it totally or mostly

fitted their needs. By hindsight, they reasonedlics silent resistance as follows:

You (the researcher) are older, so | dare not maakeargument. (Jantra, Third

interview, February 19, 2009)

| didn’t want to create contradiction. (Sakchaijrdhnterview, February 20,
2009)
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This silent, resistant behavior is not uncommoniaoen occur in a broader
scope of schooling (Baum, 2002). More specificatlypay also be, to some extent, a
result of Thai culture, which Hallinger and Kantam§000) call a “compliance
culture” or Sinlarat (2005) calls a “knowledge-re@ag culture,” that influenced the
way in which the teachers of this study engagesbltaborative action research. In a
similar vein, Sahasewiyon (2004: 508), who hadlitated a collaborative action

research project in a northern province of Thailaraded as follows:

... Since teachers in our (Thai) culture are taughespect and obey elders’
ideas, they do not feel free to argue or debatenynssues with which they

disagree. ... They just act on what the senior cgllea on their team say.

As a consequence of this silent resistance, whiap possibly be reflected in
other Thai contexts, it is worth note that the mi¢he university researcher(s) in
leading or facilitating collaborative action resgam Thai contexts still seems
necessary if it is politically expected to promtte education reform movement (see
Somekh and Zeichner, 2009). Under the leadershigaditation of the university
researcher(s), however local needs (e.g., teacbenserns) must be taken seriously
into consideration in initiating any action resdangodels. Necessarily, it is a role of
the university researcher(s) to seek and fulfidrslocal needs.

Thus, the researcher acquainted himself withditee on beginning teachers’
concerns in order to adjust the focus of this cafative action research to suit the
teachers’ needs. As noted by Fuller (1969), begmteachers’ self-concerns could
be both overt and covert. Some of them, such as with the ability to control the
class or students’ misbehavior, are overt as egpteBy Jantra. Others, like ones with
self-adequacy on content knowledge, may be coperhéps unconsciously) as
shown in Sakchai’'s case. Hence, during engagemattliaborative action research,
a facilitator has to be sensitive in discerning ahthe participants’ concerns in order

to provide activities that are appropriate or pesmee as useful for them.
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Once the researcher grasped the teachers’ nedd®oacerns as well as
provided appropriate (technical and practical) suifs it is evident that the teachers
engaged in collaborative action research with sdagree of autonomy. Using a
more open form of assessment, Jantra began to seftply inquire why the students
did neither understand nor were interested in i&ruction, leading to an awareness
of their prior understandings of content taughtgiBeing with students’ questions
(initially perceived as threatening), Sakchai rdstd content being taught in deeper
detail, resulting in an awareness of books’ linnitas in describing image formation
created by curved mirrors. Both teachers demomstiadtential development as they
began to appreciate the complexity of the teachimjlearning process. Once the
beginning teachers’ self-concerns were allevidatiéas possible to advance their
action research into more emancipator concerngir(§et al, 2001: 130).

The degree of collaboration between the teachessalga the case. As earlier
noted, the discussions at the beginning of collaiboe action research were like
expert consultations. Despite the researcher'sieagement, the teachers (especially
Jantra) oftentimes denied to make contributiongh\&iwell-established relationship

later, Jantra reasoned for this as follows:

The reason | have not expressed many opinioncaulse my (teaching)
experience is less than (that of) the other (Sakchdare not to suggest
anything. (Jantra, Email, February 27, 2009)

In other words, Jantra felt risky in contributingrything” to the group. It was her
prior perception before this study that she fadinbd by Sakchai. As a consequence,
her way of participating in the group was to humdbk the others for suggestions

instead.

Similarly, Sakchai hesitated to work collaboratielith Jantra on an action
research focus at the beginning of this study. ilply reasoned that, “We (he and

Jantra) often think differently” (Sakchai, Firsterview, July 9, 2008). In looking
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back to the past, he mentioned that collaborateiwéen Jantra and himself had been

rare.

She (Jantra) is reticent. Normally, she hasn’tadlto me. We’re not so
intimate to talk. ... | may suggest more if | worktwthose whom | am more

intimate. (Sakchai, Third interview, February 2009)

One reason to understand the lack of collaboratiay be that the relationship
between the teachers is not strongly developetgeduse they are both newcomers
in the school. Being close physically (yet isolateentally) “may have created a
reluctance to critically question each other’s pca¢ (Nelson, 2009: 569) because
they will have to stay in the same lounge in a Emgeriod of time than just the
duration of this study. More theoretically, it miag what Anderson, Thomas, and
Nashon (2009) called “metasocial metacognitive Kedge,” which they used in
service to sustain necessary social relationsAipscnatively, the researcher’s initial
expectation on their progress, which may resudt perception of competition among
them, can not be ignored. Data (mostly collectednooncealed conditions) are

inadequate to make a strong claim.

Whatever the reason(s), the degree of collabor&@ivween the teachers
increased concurrently as long as their self-coneexs alleviated. Collaboration
began with some technical or practical tasks ssadlfrawing a ray diagram to
understand occurrence of lateral inversion, desggmstances for students to write
force diagrams, and searching for empirical evidesfamage formation created by
curved mirrors. Later, it was the teachers’ questitihat joined them together in more
analytical and critical discussions on other aspéz(., interpretation of students’
works, selection of content to be taught, analgétsitor books’ limitations, and
critique of national assessments). Increased awmitdion reflects “the multi-faceted
nature of teacher development,” which personaliasoand professional
developments of individual teachers are interacive interdependent (Bell and
Gilbert, 1994: 495).
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Since the relationship among the teachers was dgseélpositively, it was
possible that they might devote longer periodsmétdiscussing a particular aspect
more than the others. Although all of those aspaesvorth being discussed as they
are related to different domains of knowledge (Benal, 2004), it is a caution from
this study that a facilitator should consider caltgfwhich aspect(s) of them could
potentially promote the professional growth of etadcher. In this study, for
example, time was spent on the national assessegnte only in helping the
teachers’ awareness of its influences on theitiegpractices. Rather, more time
was spent on discussions of students’ force-diagvating or scientific explanations
of light phenomena to promote the knowledge ofiees and content knowledge

respectively.

The nature of reflection by the teachers also d&texd how collaborative
action research progressed and subsequently tloégsgional growth. As noted at the
beginning of this chapter, Jantra’s reflection wuisally laid on students’ behaviors,
which contradicted her intention. In her initiafleetion, although possible reasons of
such contradiction were absent, it was clear thatrd focused on students. With the
perspectives gained from the group discussionsidilection gradually shifted
toward an analysis of relationships between heomstand subsequent classroom
situations. On the problem that the students dicengage well in small-group

discussions, for example, she wrote into a jouenaly as follows:

Questions in the work sheet are closed-ended aswleaia can be found in the
information sheet. When each of the students canfremt of the class, they
read those answers. It was not natural. This caakie them (the whole class)
not interested (in what was being presented).din’tiihelp create a discussion.
... What | want to improve is to change the questionse more open-ended,
... allowing them to share opinions. (Jantra, Joymatember 18, 2008)

Later, Jantra’s reflection focused on studentsrie process (e.g., how they
write force diagrams). With such reflections, whigére often extended from the

group discussions, Jantra framed a problem, gesteeaview of improvements,
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implemented it in practice, and shared its resagtsn in the group discussions. As a
consequence, she grew professionally accordingrtankerest as guided by self and

collaborative reflections.

In contrast, Sakchai had initially reflected litda his own teaching as evident
by unconsciousness about his question-like monelggee Chapter IV). Once asked
by the researcher to do so, he quantified his péoeon classroom realities (e.g., to
what extent he felt successful in teaching and hmwh he gained student
participation) into five levels of Likert scale. Asiided further by an example of
Jantra’s reflection, he then began to do some ‘fgese writing” (Hatton and Smith,
1995) in which he reported what happened in thesokth little, if any, evidence
about and analysis of it. For example:

| asked them (students) to see light that passesadh (a hole on a piece of)
paper. | used a textile covering the bulb, allowtingm to see that light
spreads out from all spots of its source. Theyegiain that light travels in a
straight line, and know that only some of light gesthrough the textile ...
because they can’t see it (light) clearly. Theyansthnd how light travels and
gain additional knowledge in terms that light spi®aut in all directions.
(Sakchai, Journal, January 27, 2009)

Sakchai’s journals focused mainly on his actionsaking students learn,
followed by his expected outcomes. Usually, he rgda process by which students
could or could not learn from his actions. As asgmuence, in the exception of
perspectives gained in the group discussions antemphasizing more on (particular
content),” a view of improvement was rarely genedldty Sakchai himself. Little
change in his practice seemed to be a result tdrdiit views on content being taught,
which he gained from the group discussions. Instéaelf-reflection, it seemed to be
social pressure that created such change. RettosggcSakchai mentioned about

this as follows:
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When you (the researcher) suggested to me, IHaltytou wanted me to try.
So, I must try. (Sakchai, Third interview, Februafy 2009)

Thus, it is fair enough to note that Sakchai’s gssfonal growth (mainly on
content knowledge) was initiated by external fagf@:.g., students’ questions, the
researcher’s suggestions, and perhaps Jantra’segg)gnot directed by his
reflections. Until he gained feedback from somedknstudents, an awareness of
individual differences of students was finally metl at the later stages of this study.

Theoretically, reflection is highlighted as a kégreent in any action research
model (McNiff and Whitehead, 2002). It can be defiras “deliberate thinking about
action with a view to its improvement” (Hatton aBthith, 1995: 40) whose nature
and developmental process in individual teacheusigue. In regarding Jantra’s and
Sakchai's experiences in teacher preparation and giofessional development, they
both had been limited in opportunities to devela@apacity for reflection. Thus, the
difference in the nature of their reflection seemédcted significantly by individual
orientations (Collier, 1999). When having been giegportunities and asked to be
reflective through activities (e.g., oral interviegroup discussion, and journal
writing), Jantra’s initial concern on students’ befaviors as well as its revelation
precipitated her to progress (Clarke, 1995). Thas wifferent to Sakchai whose initial
concerns were covert or unconscious. Moreoveroagtfocus on students’
performance in the traditional tests limited Saketaen he considered his own
actions and classroom realities (Ward and McCo2@04). Nevertheless, it is worth
to note that feedback from the students about Wassslearn reinforced “a shift (in
Jantra’s and Sakchai’s reflection) from the teashgerspective to a pupil’s

perspective on learning” (Clarke, 1995: 252).

As demonstrated throughout the study, the reseahatkeplayed a number of
roles in facilitating collaborative action researiitiuding a thought challenger, a
reflection and collaboration promoter, a discussimderator/negotiator, a content
teacher, and a moral supporter. Comparing to atiuelies (Feldman, 1996; Pedretti,
1996; Ponte, 2002; Goodnough, 2003; Capobiancd])2@tese varying roles seem
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dependent on participants, their shared interest(®) a context in which they are
working. Therefore, in a given context, a faciliiamust be reflective in order to
provide relevant supports, which are “sometimegediptable” (McLaughlin, 1990)
to his or her participants. The ideal of “emanappatction research” (Carr and
Kemmis, 1986) needs time and effort to occur, paldrly in the context of this

study.

On reforming physics education through teacher dedepment

Although Jantra and Sakchai demonstrated poteséislopment during one
semester while engaging in collaborative actioeaesh, their teaching practice was
still far from being called reformed, constructivisstruction. In other words, they
still relied on the traditional instruction with woern about content coverage and
numerical physics problem solving. Moreover, thesnstimes exhibited a resistance
to change such instruction when encouraged. Inpduis factors that possibly
influenced Jantra’s and Sakchai’s resistance togdastruction toward the

education reform and recommendations are discussed.

Jantra’s and Sakchai’s view of knowledge transioiss one of the factors
that hindered them to change instruction. Thisiti@thl view was evidenced in their
lesson plans by a commonly-used phrase, “The tegthes students knowledge
about (intended content).” Though challenged iegutar manner by the researcher, it
was robustly shown in the lesson plans throughweistudy. Furthermore, at the later
stages of this study, Jantra still argued for the of lecture as follows:

Let's ask ourselves whether or not students ledmnogh lecture)? They do
for sure, but not all. It doesn’t mean that theyndo learn anything. It (student
learning) occurs, but not 100 percent. (Jantrardrinterview, February 19,
2009)

In a similar vein, Sakchai showed some resistam@etept a constructivist view of

learning. For example, when persuaded to thinkaarestructivist way that he had
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“constructed” knowledge about the inconsistencyvieen an image formed by a
curved mirror and its corresponding light ray deagrin books, Sakchai asserted that
he did “discover” it. Still, he believed that thisdents could understand through only
listening to his presentation, assuming that, ihkithey (students) understand”

(Fifteenth group discussion, February 16, 2009).

The examples above tend to support Kobetlal (2005: 302) who contend
that prior conceptions of teaching held by indiatteachers are “resistant to
change.” Blanton (2003) as well as Volkmagtral (2005) explain this robustness
occurs because the view has been developed or fedidence teachers participated
as students in the traditional format of educatibmchange it, Feldman (2000: 613)
suggests, based on a conceptual change modeie#ithiers may accept reform-
recommended instructions, “if they atiscontentwith their old practice ... and they
find the new onesensiblebeneficial andenlightening (Italic in original). The case
of Jantra tends to support this suggestion as eparbto accept that prior
understandings held by students hindered themi¢atdccally draw force diagrams

after having been trying to lecture them, but rmossccessfully.

Besides the robust view of knowledge transmisdios)ack of conceptual
understandings of content being taught led JamilsSakchai to have difficulty in
analyzing what important aspects of that contemtaaud which of them should be
taught accordingly (Gess-Newsome and Lederman,; ¥8ayla, Heikkinen, and
Asunta, 2009). Consequently, it became even mdiiewdi for them to transform
intended content into a form that is comprehendibleir students, even though they
knew some instructional strategies (e.g., jigsdamhther words, limitation in content
knowledge was an obstacle for them to teach itleromeaningful ways. Under this
condition, presenting content in the same or simway as it is described in books
(e.g., definition of terms and formula) seemedédHeir most appropriate choice.

Although Jantra and Sakchai had participated ifigssional development
activities (5Es inquiry cycle and authentic asses#inthose activities aimed mainly
at developing their pedagogical knowledge. Car{d4©93) argues that training
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pedagogical strategies to teachers without an esipba content knowledge might
be a wasted effort since they might not be abienfwement purposefully the
strategies in real classrooms. This is evidenasemf Darika, who has long teaching
experiences but is limited in physics content (s&#achart, Nashon, and
Roadrangka, in press). Therefore, instead of inicody content-free pedagogical
strategies, those responsible for teacher developtogromote the education reform
may need to fundamentally consider teachers’ comtamwliedge and then help them
transform particular content with other domaingmdwledge into an accessible form
for students (Shulman, 1986; Gedeisal, 1993; Magnussoet al, 1999). It is
potentially apparent in this study that when Sakéiamore certain with the content
being taught, he began to generate his own analbgyt image formation by point-
to-point light ray mapping as follows:

It's like when you (student) wrote ‘Gor-Gai’ (thiest letter in the Thai
alphabet) since you were in the elementary lehekelre many points and you
connected them together (to form an entire img@kchai, Sixth classroom
observation, February 10, 2009)

Feedback from students who normally achieved wditaditional instruction
was a factor that made Jantra and Sakchai hesitateange their teaching practices.
These students preferred to study physics throecfiade, enjoyed numerical physics
problem solving, and did not want to engage, ospaty engaged, in activity-based
instruction. Moreover, as earlier noted, they sames$ reacted in a negative manner
to Jantra’s and Sakchai’s attempts to change ictstry arguing that the activities
provided would not help them fully succeed in timévarsity entrance examinations.
Inevitably experiencing resistance by these stugdehilst trying to change

instruction made Jantra and Sakchai disappointed.

Tsai (1998, 1999) suggests that students’ preferehmstruction may relate
to their epistemological beliefs—beliefs about tia¢ure of knowledge and ways of
learning such knowledge—and that students who tiflerent epistemological
beliefs tend to perceive and interact with the samuctional activity differently. In
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a similar vein, Hammer (1995a: 398) noted that yss course that “typically
begin(s) with a review of mathematical formulas anocedures ... may reinforce, if
not produce, a belief that physics reasoning isk®Imanipulation.” In the cases of
Jantra and Sakchai who had emphasized numericalgshgroblem solving, it is
possible that the students who resisted their ati®ho change instruction tended to
hold epistemological beliefs that count “(physiftgmulas and procedures as
knowledge” (Hammer, 1995a: 406). With a epistemigigignismatch, “it is not
simply a matter of beginning to teach in a condivist manner (and) one can expect
complex processes to occur in ... the classroom’f{Ratd Roychoudhury, 1994: 27).

Jantra raised this issue as follows:

When asked to do the experiment (about weightisgral bag), a girl did
nothing. She said it's not calculation. It's ne@@ggo change students’
thoughts (about physics and ways of leaning physils®. (Jantra, Third
interview, February 19, 2009)

Therefore, besides supporting and encouraging éea¢b change instruction
in accordance to the education reform, it seemessary for those responsible with
teacher development to seek ways to help makestohérs aware of and deal with
the differences in students’ epistemological bsligf.g., constructivist and empiricist-
objectivist). It was evident that even science atios such as Hammer (1995a) and
Roth (1997) had experienced types of difficultieslealing with this epistemological
difference when teaching in classrooms. In a sfeom, as Sakchai demonstrated in
this study, accommodating students’ learning pegfees and ways in which they
should interact with a prepared activity seems s&agy (Roth, 1997). In a longer
term, epistemological beliefs held by individualdgnts need to be explored and
made explicit for discussion with their teacheligit of a contemporary view of the
nature of science. The latter was not done inghidy because the nature of science
was not in Jantra’s and Sakchai’s interests eveagi they possessed some of “the
myths of science” (McComas, 2000). Furthermoreitin@ortance of metacognition
in monitor and control learning needs to be emp@eakio both teacher and students
(Brass, Gunstone, and Fensham, 2003).
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In addition to the contextual factors, particulaty national accountability,
noted in the preceding chapter, an event duringtindy could negatively influence
Jantra and Sakchai, changing their instruction,@ertiaps, the education reform
movement as a whole. This event was that the s¢aonthed a one-week tutorial
project whose aim was to enhance students’ perfocean national tests (ONET and
A-NET). In doing so, five tutors from each subjantluding science, from a private
institution in Bangkok were hired to teach at thibeaol. Most of Jantra’s and
Sakchai’s students (500 approximately), who eaath @0 Bath, attended the
project. All of them, which included grade 10, ahd 12 students, studied together in

the school’s meeting hall.

One day was spent for science content, which ieduziology, chemistry,
physics, astronomy, and geology. While teaching sitience tutor presented the
students content, used a number of tactics (@ggssand easy-to-memorize phrases)
to help them easily memorize it, convinced themivdomtent would be in the tests,
and occasionally introduced pornographic gagsteir iaughing. As in part of

physics content, for example, the tutor presentediic as follows:

You all (students) know that each item will provialeet of numbers. You just
plus, minus, multiple, divide, or do whatever wittose numbers. Then, you
will get a “beautiful” one corresponding to oneitsfchoices. Select that one.
... Physics problems are very easy. (Tutor, Classrobservation, February
4, 2009)

Many of the students paid attention to the tutttdure and took notes of the
tactics presented. They seemed enjoy the lectuegidsnt by their participation
when asked by the tutor. One of them, for exangaal to Jantra that he did “learn a
lot.” However, the students’ interest in studyifgypics content as markedly
exhibited during the project created a dilemmalfmtra. After this project for a

week, she personally asked the researcher as fllow
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Is that kind of teaching good? ... If not, why diddgnts prefer it? ... Why
did (a student) say that he learned a lot from kivat of teaching? (Jantra,

Personal conversation, February 12, 2009)

It was a disappointed feeling mixed with wondelt thentra experienced. She
felt that she had tried hard in her physics clagsbt even gained interest from the
students. Oppositely, one outside tutor came tatheol in one day and achieved it
perfectly. Jantra’s questions may reflect a devaleptal process by which she was
forming a self image of what kind of teacher shaildpand want to, be. As one may
guess, an uncritical teacher may decide to easlilgvi or adapt this kind of teaching
as he or she superficially perceives studentse@m®ed interest and participation. To
overcome this dilemma, Jantra needed to answee tiposstions, which, “It depends
on what (she and her students) mean by learningiggiy(Researcher, Personal

conversation, February 12, 2009).

It may be illustrative to use Chang’s (2005) foeay attempts in
implementing constructivist instruction in her piogscourse in order to better
understand Jantra’s and Sakchai’s difficulty inraiag their instruction. However,
this is not a comparable case when considering €batcademic background and
context as she has strong physics knowledge, canraiself in constructivist
teaching, and teaches university students. Whatsée be similar is a difficulty
experienced by them, all three instructors, dutireyfirst year of constructivist-
teaching attempts. Chang (2005: 419) noted aswstlo

... the first year of the teaching innovation faitedulfill the objective of
introducing constructivist perspectives, and lost éxisting strength of the
transmission perspective. The unsatisfactory resaitealed the complexity
and challenges of innovative teaching, which irdtyts may encounter.

This is not a way in which the researcher of thislg uses to legitimate the
difficulty faced by Jantra and Sakchai. The pognthat, to change instruction toward

constructivist perspective, “improvement was neithreear nor straightforward. ...
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Conscientious and persistent modifications basef@edback from classroom
implementations are essential” (Chang, 2005: 420)oing so, “critical reflection”
(van Manen, 1977) on personal limitations and cdotd influences is essential for
any teachers who wish to change their instrucespecially when they work under

the traditional culture of education.

Summary of the Chapter

The chapter describes ways in which two beginpimgsics teachers had
engaged in collaborative action research with itatibn of a beginning action
research facilitator—the researcher. It highlightst collaborative action research,
which is used in the study as a means to teachvela@ment, has to lay its focus
upon the teachers’ concerns in order for them peagith classroom-based problems.
In doing so, the teachers need perspectives ambasmssociated with their close at-
hand problem in light of the education reform, whatlow them to reflect on the
problem and then make instructional decisions gmpately. Once their concerns are
fulfilled or alleviated, the teachers emphasize enam the students’ learning process
and begin to consider instructional changes. Fadhtat influence the ways in which
the teachers engaged in collaborative action reBeard instructional changes are

also discussed in the chapter.



CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

This chapter provides conclusions of the resedrbkn, recommendations of
the research with respect to the use of collabaratction research for teacher
development follow. At the end of the chapter, ssjigns for future research are

presented.

Conclusions

Problem Areas

The present research aims to examine the posgidild potential of using
collaborative action research as an alternativecagg to science teacher
development in a particular context of Thailande Tesearch is derived from the lack
of success of the traditional teacher developmeptaaches in reforming science
education at the school level. It is argued thattthditional approaches have a too
simplistic assumption that teachers will changértieaching practice after being
introduced to reform-mandated instruction. Rathestructional change requires the
teachers to be actively involved in a process obmeiling existing beliefs about
teaching with the reform-mandated instruction idesrto reconstruct a new way of
teaching that is feasible in their context. Thumlaborative action research is

proposed as an opportunity where the teachers beoomlved in that process.

Resear ch Framework

In this research, collaborative action researdoissidered as a regular
discourse where a group of physics teachers anctsaarcher work together in
improving teaching practice in response to Thailsusdience education reform.
Within the discourse, the teachers come to shaie réflections as they make

meanings of classroom experience while the reseaadntributes more “theoretical”



186

perspectives. Through perspective sharing, thédnega@nd the researcher then decide
to take appropriate actions to improve physicshemgcpractice in a given context.
Once the actions are taken, the teachers bringtbadlesults of the actions for

further reflection and improvement. Thus, collaltiveaction research becomes a
cyclic discourse where the teachers and the rdsealearn together through a

process of translating theory (or reform policytpiclassroom practice.

Participants and M ethodology

The research involves four volunteer physics teactiem three secondary
schools. The teachers consist of two experienaedls, one beginning female, and
one beginning male. The two beginning teachers wotke same school. The
research is designed into two consecutive phaseh ghase takes one semester
(approximately four and a half months). In thetfphase, the researcher aims to
understand teaching practices of the teachers ewelap research relationships with
them. In the second phase at which the two expegtteachers withdrew from the
research for personal reasons, the two beginnamhtss and the researcher come to
initiate and engage in collaborative action redeafte research is guided by two

research questions formulated according to thearesghases as follows:

1. How do the physics teachers conduct teachiagtipes in their context?
2. How do the physics teachers engage in colldiveraction research and

learn to improve their teaching practices in resgaio the education reform?

Naturalistic inquiry (Lincoln and Guba, 1985) issdsas a research
methodology to collect qualitative data with mine®d attempt to manipulate the
research setting. A variety of data collection mdthinclude teacher interview,
classroom observation, group discussion, and acah of materials. In the first
phase, the researcher acts as a non-participaatvapsn order to avoid his
disturbance on teaching practices of the teachrgertheless, he gradually becomes
more involved and develops a research relationsitlpthe teachers through
interviews and informal conversation. In the secphdse, the researcher engages in

collaborative action research with the two begigrteachers. He acts as a facilitating
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member and as a participant observer using an emiedgsign to collect and analyze
data in an ongoing, reciprocal manner to generar&ing hypotheses. Through
prolonged engagement and rapport, the researchexdeass to credible data from the
teachers. A number of techniques including peeridfihg, triangulation, and

member checks are also used to ensure creditatiilitye research results.

Conclusionsin relation to thefirst research question

To achieve the first research question, the rebearconsiders teaching
practice conducted by the teachers as a resutt ohgoing process by which they
each have made meanings of experiences of involveméhe school of science,
whether or not they are conscious of that proCEsss, the researcher elicits their
personal conceptions of teaching and of sciende mefjard to their educational
backgrounds through individual interviews. The mitew data is then used to
interpret teaching practices of the teachers ab#ed in actual classrooms. Results
from this phase show that the teachers employ otuligven instruction that
emphasizes numerical physics problem solving. Teyto help students master test-
taking skills for future education at universitydd. This traditional way of physics
teaching is influenced by both personal and cont@xXtctors such as personal
conceptions of teaching related to prior schoolkeignces, limitation in content
knowledge (including the nature of science), thigonal assessment regime,

availability of laboratory equipment in schoolsdastudents’ learning preferences.

Conclusionsin relation to the second resear ch question

Collaborative action research was initiated in otdeaddress the second
research question. In doing so, the two beginreaghers and the researcher regularly
met at least once or twice a week throughout a semeAt the beginning, it was
evident that collaborative action research strugyglégh attempting to find its focus
shared by all the participants. This was becauséeifichers engaged in collaborative
action research with a number of concerns; howthesr self-concerns were less
likely to be made explicit. Once the researcheaosiiced an instructional idea

consistent with constructivist perspectives, tleekers initially tended to accept the
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idea. However, they denied implementing the idéar lhen they perceived that it

did not meet with their concerns. As a consequeta&gborative action research
almost ended lifelessly; nonetheless regular mgetamd the researcher’s ability to be
more open to listen to the teachers helped it naeti

Collaborative action research was continued in ammgful way after two
months of struggling. Its developmental processlgatly suggested that the needs or
concerns of the teachers must be treated as thedtigriority. It was the process of
fulfilling the needs/concerns that intrinsicallyoeuraged the teachers to engage in
collaborative action research. For example, onté@®teachers became enthusiastic in
investigating students’ thinking when she wantelrtow why they did not perform
well on a test, while the other teacher becameasted in a conceptual understanding
of physics content when he had to deal with stied@hiallenging questions when
perceived as threatening. Fulfilling these needs’/ems allowed the teachers to
purposefully engage in collaborative action redeaand this process led them to
subsequent learning associated with their needsécos.

The teachers’ needs/concerns shaped the way thwiney engaged in
collaborative action research, and then this wllyemced their learning. The teacher
interested in investigating students’ thinking speegood deal of time analyzing their
work on exercises, and she came to a realizationtadtudents’ prior knowledge as
well as possible ways to overcome it. In contréme,other teacher who was often
challenged by high-achieving students’ questiormiaphysics content had paid more
attention to conceptual understandings of the ecdnteorder to respond to the
challenging questions. Once he better understomddhtent, he began to develop his
own way of content presentation, not simply follogiithe textbooks. It seems
potential that change in teaching practice occurenthe teachers’ self-directed

learning is continued.

Although collaborative action research was evehtuantinued to promote
teacher learning, there were other factors, intamdio the teachers’ needs/concerns,
also influencing its conduct such as the naturteacher reflection, group culture,

relationships among the participants, and contéxtrditions. These factors made
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collaborative action research unique. Thereforgjlte of the research can not fully
be generalized to other contexts. The readers toagdetermine the relevance of the
results in their own contexts. The next sectiornvges the recommendations for the
use of collaborative action research as an apprimastience teacher development.

Recommendationsfor Conducting Collaborative Action Research

This section provides the recommendations of teearch. Before making
any remark, however, it is important to repeat ttwtaborative action research as
demonstrated in this research is potential andilples® be used for promoting the
science education reform in Thailand indeed whefoitus is adjusted to meet the
teachers’ needs/concerns. By potential, it is méattlearning from engagement in
collaborative action research can support the gradio initiate a change in teaching
practices even though their attempts may be rek#std unsuccessful. By possible, it
is meant that the regular conduct of collaboratiggon research can be fostered
among Thai teachers; nevertheless initial intefeenextended effort, and time are
necessary to make it possible. In what follows,rdmmendations for the use of
collaborative action research as an approach émseiteacher development in Thai

contexts are discussed.

First of all, it is important to note that the peasresearch has pointed out a
number of factors, both personal and contextuat, hinder the teachers to teach in
other ways than the traditional approach of presgnhformation and demonstrating
numerical physics problem solving. Although notlesove, these factors include
conceptions of teaching, limitations in content\fexige including the nature of
science, ability in transforming content into tealole forms, and contextual
influences. These factors are interrelated in saangs and act as “a conservative
force” (Tobin and McRobbie, 1996) that sustainstthaditional practice. Therefore,
teacher development approaches emphasizing onadragd instructional aspect are
not effective enough in supporting desirable chaRg¢her, to make “significant and
worthwhile change in teaching practice” (Richardst®00), teacher development in

Thailand should be viewed as a way to promote orggteéacher learning through
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reflecting on and inquiring into teaching practieath consultation of research-

derived knowledge.

In the regard to this view of teacher developmtgachers’ ability to reflect
on their teaching practices and subsequent studspbnses becomes influential in
shaping their learning. However, it is the factt ttee teachers of this research had not
been supported with reflective ability until theygaged in collaborative action
research. Although the results from these two begmteachers should not be
inferred further to other beginning science teaghieis worth suggesting that
reflective ability should be persistently promotedall pre-service teachers because
such ability can not be developed overnight. Ohey become practicing teachers,
they can critically reflect on the complexity ofpetiences in classrooms in order to
make meaning of those experiences for their comgnprofessional growth
(Rodgers, 2002). Action research can serve astaxddior any practicing teacher to
reflect on and learn from teaching experiencess.llkely to be more productive when
a group of teachers and educators who have a angspectives come to share

their reflections within the discourse of collabbra action research.

In building collaboration among teachers and edu¢s), mostly acting as the
facilitator, “it is important that all participant®ld or develop a similar perspective
on learning” (Ericksoret al., 2005: 795), so they can have common languageks
as shared purpose in their discourse. However, agement may not naturally exist
in some collaborative projects particularly whea #@ducator holds reform-based
perspectives, which are new for teachers. Moredlerteachers may expect the
educator to direct them in some patrticular directidile the educator wishes to
empower the teachers to control the content ancegeoof the project instead. It
becomes “the agenda-setting dilemma” (Richards®82)Lthat the educator may
have to encounter. At this moment of building dodleation with the teachers, it is
crucial for the educator to embrace any dilemmaven conflict into the discourse in
order to explore and manage it with teachers. Tleentha or conflict is an inherent
element in any collaboration, which can createcth@ext for learning (Achinstein,
2002).
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In addition for the educator working collaborati&lith teachers, what seems
more crucial than encouraging the teachers to afgtecreform-based perspectives
and practices is that “the (collaborative) projactst meet the real and existing needs
of all participants” (Ericksomet al., 2005: 795). As demonstrated in this research,
collaborative action research can continue onlymihes adjusted to meet the case
teachers’ needs and concerns. However, what becomadlenging is that the
teachers’ needs and concerns may be unintentiooadisfooked particularly when the
educator is strongly committed to seeing a chaog@itds the reform-based practices.
Thus, the educator may have to keep in mind thadrige in practice will not occur if
certain personal conditions for the participantslwinge are not met” (Baied al.,

1986: 136). What the educator has to do is to 8eelsi discern the teachers’ needs
and concerns, which are sometimes covert, andithpiopose possible yet critical
perspectives derived from research-based knowledgeler to fulfill those needs
and concerns. Importantly, it is crucial that ttadhers must feel free to accept or

reject all of what is proposed.

In collaborative action research, teacher learmsngainly constituted within a
context of what Little (2003) refers to as “repmasgion of classroom practice.” It is
the facets of classroom practice that one partntipeacher makes visible in public
discourse and to what extent he or she opens closgs down opportunities to gain
perspectives from others. In this research, tedelaening is constrained in many
instances with unreflective self-concerns whencidge teachers focus on what they
have done and overlook other significant incidéatg., students’ responses)
happening in the classroom. Since some teachersiotdye familiar with reflecting
in and on their teaching practices, it is cructah& beginning for the educator to help
them prepare some representation to be resourgagb€ discourse. Lesson plans
can serve as a starting point for productive dissuMoreover, the presence in the
classroom of the educator can help the teacheectdl some classroom events.
When purposively done, these can ensure that ptivdwtiscourse, rather than

common chitchat, will exist in collaborative actimmsearch.

One feature that possibly relates to teacher reptagon of classroom

practice is relationships among all participantsalaborative action research. In the
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present research, the teachers initially hesitatetisometimes were reluctant to make
their teaching practices visible in public discajthereby they felt risk in uncovering
their weakness in those practices. Without detadgdesentation, productive
discourse is less likely to exist in collaborataation research. Thus, an atmosphere
of mutual trust and respect becomes necessariots tie teachers to freely engage

in public discourse with less anxiousness. Of aguitss atmosphere can not be
developed quickly but gradually. It is the educatbio facilitates collaborative action
research to create and nurture such an atmosphenedeling how to value and
respond to teacher contributions just as a wayhichva teacher facilitates productive
group discussions by students (e.g., van Zee, 2@0Mpough, this critical role is not

pragmatically easy, long-term engagement in thmbaphere could help.

Organizational tasks are one other issue thattaftee conduct of
collaborative action research and, consequenthghter learning in actual context. In
the present research, although the teachers amdgsbarcher had regularly met
approximately once or twice a week, there were ioee of them could not
participate in some meetings due to other respoitigb. Given this fact, particular
action research models/cycles (e.g., planningngctibserving, and reflecting) are
less likely to be followed. Therefore, it is crudi@a ensure that the key feature of
action research practice (i.e., reflection) is rtaimed by the teachers instead of a
concern with following or completing the cycles.tWihis regard, the conduct of
collaborative action research should be seen nikaed reflective ‘journey’ than a
process of implementing a ‘fixed’ set of ideas” (kdu, 2001: 197). However, on
such a long journey of learning, a close liaisotwieen the teachers and the educator

could continue their collaboration in certain dtrens (Ericksoret al., 2005).

One important fact is that collaborative actioreggsh, once established,
usually needs extended effort and time in nurtuitimg a meaningful way to teachers.
It is assumed with hope that the teachers will gadlgl take control of and learn from
its content and process at their own rate. Thverg opposed to the traditional
approach of teacher development that emphasizessasent of desirable outcomes at
particular points in time. Hence, those interestelouilding and sustaining it should

not over expect to observe significant changeacheng practices of participant
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teachers, particularly at the beginning. Moreovefiective practice is essentially
required for them to work collaboratively with tégcs. In doing so, a summary of
guiding principles for using collaborative acti@search as an approach to teacher
development can be provided. That is, those intiedes building and sustaining

collaborative action research for teacher develaoyrsieould:

— view teacher development as an ongoing proceteaoher learning where
they reflect upon and inquire into their teachimggbices;

— encourage and facilitate reflection by teach®sghey can come to a better
understanding of their teaching situation;

— be sensitive in discerning needs and concertesachers and try to fulfill
those;

— establish teacher collaboration through sharafigction, perspective, and
practical knowledge as well as nurture an atmospbemutual trust and respect by
valuing teacher contributions;

— keep in mind that dilemmas, tensions, and casféce very common in
collaboration, so those need to be explored anchgethwith the teachers;

— keep the teachers in contact and organize cobdlbe discourse
convenient to them; and

— feel free to see the teachers growing at their mate.

Suggestionsfor Future Resear ch

Although this small-scale research has demonsiithtg collaborative action
research can be potentially used as an alternapipeoach to science teacher
development, research that investigates its long-tmpact on teachers as well as
researches in other Thai contexts is still neetiethis regard, that research should
identify relationships between teacher experiemrektheir learning as well as
influential factors on the relationships more sgsécally in addition to providing
anecdotes. More accurate claims are important gpragantee that the promotion of
collaborative action research in a broader scahi;iwneeds more effort and budget,

will create observable effects in Thailand’s sceerducation reform. Also, there is
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need for research identifying particular conditi@ngnechanisms under which

collaborative action research is organized and tagied in Thai contexts.
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Interview about educational background, conceptions of teaching, and

conceptions of science

Date:

Name:

Interviewer:

Interview context:

First Interview (educational background and conceptions of teaching)

1. Couldyou tell me about yourself by stating your name, your school, your
responsibilities in the school, your personal and educational background, and
So on?

2. Could you tell me about how you decided to become a science teacher?

3. Could you describe your achievement in science and physics, in particular,
when you were a student? In your opinion, why did you get that kind of
achievement?

4. Asapast student, what would you consider to be most impressive learning
experiences of science you ever encountered? Why?

5. Asapracticing teacher, what would you consider to be the most impressive
teaching experiences of science ever? Why?

6. Based on your teaching experiences, what is the most effective way for you
and your students to teach and learn science respectively?

7. Inyour current role as a science teacher, tell what do you consider to be the
effect of the education reform on the teaching and learning of science?

8. What challenges do you experience teaching science in with a manner

consistent with the education reform?
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Second interview (conceptions of science)

1. According to your understanding, what is science?
How do we or scientists acquire scientific knowledge?
3. What are key characteristics of scientific knowledge?
3.1. How are law and theory different from the other?
4. How are science, technology, and society related to each other?

For what reasons should students learn science?

" Theinterview items are adapted from Promkatkeaw, Sungong, and K aewviyudth
(2007).
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Interview about perceptions of teacher learning

Date:

Name:

Interviewer:

Interview context:

1. Aswe have been engaging in group discussion, could you describe what
you have learned during this kind of activity?
1.1. Isthat helpful to improve your teaching practices? How?

2. What kind of difficulty or challenge have you experienced when you
attempt to improve your teaching practice?

3. What part of your teaching practices do you think that should be improved
in the near future? How would you do?

4. What would you want to suggest about the use of this kind of teacher
development approach in school s?
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