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This interpretive case study research aims to exarhj how the chemistry teachers
perform their teaching practices before particimain the Collaborative Action Research
(CAR) project, and 2) what is the influence of CARject on the chemistry teachers
teaching practices based on a constructivist approhe research is divided into 2 phases:
an exploratory phase (first semester of acadendc 3@08) and a Collaborative Action
Research (CAR) Phase (second semester of acadeani@@08). The participants of this
study were three chemistry teachers teaching t&reift secondary public schools under the
Bangkok Educational Service Area, Office 2. Thalgtiook place in the context of a
Collaborative Action Research professional develepnexperience consisting of three
cycles of CAR. Each cycle consisted of group megstiteachers’ lesson planning,
implementation of the lesson plans, and refleatiortheir practices. This interpretive case
study drew upon classroom observation, semi-stredtinterviews, teachers’ lesson plans
and participant observation in CAR group meetirfge @pproach to analysis involved an
inductive process to search for patterns and makieges which constituted the research
findings.

The findings indicate that at the beginning, betbisr participation in the CAR
group, the three chemistry teachers did not teacbrding to constructivist principles. The
teachers were not aware of students’ prior knowdedgd were primarily concerned with
covering the content knowledge, and so emphaseaghing based on the textbook. They
also practiced teaching through lectures and detragims, emphasized student assignments,
rarely encouraged the use of scientific inquirg, ot promote cooperative learning, used
several learning assessment methods which reli¢kheoright answer to assess students’
learning, and emphasized tests. In summary, theg a&ing as information provider,
individual planners and assessors. The findinde®fCAR phase indicate that even though
teachers’ changes in practice did not completeiff 5om traditional teaching, in terms of
change and growth, the opportunities for collabore&nd reflection in the CAR group
enriched teachers and allowed them to construeir divn understanding and effect a
change in their practices. As a result, the teactexdually changed their practice to be
aware of the need to elicit student prior knowledg® of allowing students to take more
responsibility for their own learning through harmtsand minds-on activities. They
incorporated cooperative learning into their clasesn, using more continuous assessment,
and played multiple roles to help the studentg@ming. Because the teachers demonstrated
difficulties to adopt and adapt constructivist piptes into practice due to their different
background and context of teaching, the implicatbthis study suggests that consideration
should be given to the diversity of teachers’ backgd as central to the facilitation of such a
collaborative enterprise. In addition, it is recoenmded that teachers should be supported to
carry on the professional development through CéRniprove teaching and learning.
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CHAPTER |

INTRODUCTION

Overview of the Chapter

The first chapter of this study describes the bamkgd and context of the study,
the problem area of the study which is the bagsishie research objectives and research
guestions. To understand the scope of this resesucly, the definition of terms and
delimitation of the study are described. The lasttion of this chapter provides a
summary of this chapter and a brief descriptioowvarview of the research study.

Background of the Study

The educational reform stems from the major Asiaonemic crisis of 1997
triggered by the floating of the baht (Thai curngnand exacerbated by the resulting
climate of unemployment. The need to improve thality of education and the level
of human resources in order to successfully competbe global market was further
highlighted. As a consequence of the economidscrpolitical reforms such as the
Constitution of the Kingdom of Thailand B.E. 2540hich was enacted in 1997,
proclaimed that education is a major tool for trevelopment of the Thai people
(Office of the Council of State, 2005). Subsequerte first education law, the
National Education Act 1999, of the country wasaed in 1999 and laid down a
concrete foundation to initiate the reform and jlevthe framework and guidelines for
the provision and development of Thai educationfig®fof the National Education
Commission [ONEC], 1999). It emphasizes lifelon@rteng with a balance of
knowledge, skills and attitudes. The aim is forl@drners to be able to adjust to world
trends and events, and to develop desirable clesistats including virtue,

competency, happiness, and self-reliance (ONEC9)199

Science is considered to be a global culture favwkadge-based societies. Itis
necessary for people to be equipped with sufficiembwledge of science and its



implications. As is emphasized and stated in thexsGmtion of the Kingdom of
Thailand, the goal is to accelerate the applicabibscience and technology for national
development (Office of the Council of State, 200B).order to further scientific
literacy for Thais, science education in Thailarss lbeen promoted an important role

in educational reform since 1997.

As noted above, the National Education Act becahe drucial law that
provided the framework and guidelines for the psmn and development of Thai
education. The science curriculum framework alss developed by the Institute for
the Promotion of Teaching Science and Technolo§sTl, in line with the Act,
especially with sections 22 and 23 (ONEC, 1999; iMig of Education, 2001).
According to the Act the teaching and learning @&sce should focus on having the
students mostly doing their own learning and discimg by themselves. The IPST set
the formulation of science teaching and learningdhools, and has the following aims
for the learners: to understand the principles a&neories of basic science, to
understand the boundaries, limitations and natéirecence, to acquire the skills to
inquire into and explore science and technology, develop the thinking and
imaginative process, and the ability to solve peoid, to acquire management and
communication skills and the ability to make demns, to be aware of the relationships
between science, technology, people and the envigah in terms of their influence
and impact on each other, to utilize the knowledgescience and technology to
advance society and daily life, and to have sdienthinds imbued with morality,

ethical sense and the values for using scienceéeamthology creatively (IPS2003).

The Thai science basic education curriculum is iive Iwith the National
Education Act. The learning approach is often mteted as being a constructivist
approach (Kaewdaeng, 1998; Atagi, 2002; IPST, 260y, 2002). A constructivist
perspective on learning refers to the understandinthe nature of human learning,
with knowledge actively constructed by the learners awmidjust given to them, with
knowledge achieved through authentic learning. idep to provide students with
opportunities and activities to learn science me lwith the educational reform, science

teachers need to use teaching approaches assoevdtedconstructivist views of



teaching and learning, and shift their role fromngea teacher-centered director
towards a learner-centered facilitator of learn{@ffice of the Education Council
[OEC], 2006; Dahsah and Faikhamta, 2008). HoweWer need to raise the quality of

the teaching profession is also emphasized in tiie A

Significance of the Study

As noted earlier, teachers are key players in doud reform, and teacher
quality is the most significant determinant of sehquality and school improvement
(Hargreaves and Fullan, 1992; ONEC, 1999; Atagd220The National Education Act
1999 attaches great importance to the improvemetiteoquality of teachers and the
raising of the status of the teaching professiamoAg the changes required in the 1999
National Education Act, there were those expectedhfteachers in their teaching,
learning and professional practices. With regartheoreform issues prescribed in the
Act and geared towards the reform of teachers &wedtéaching profession, it is
significant that they gave major consideration ¢éachers, the change process of

teaching and learning, and other related issues.

In the current educational reform movement, the idant thinking stresses
many elements of the constructivist approach (Kammd, 1998; ONEC, 1999; Atagi,
2002). The constructivist paradigm, which the Nadilo Education Act relied on,
signifies a concerted effort to move away from thaditional approach which is
authoritarian, teacher-centered and didactic. Tén@ hottom-up approach to teaching
contrasts strongly with the existing traditionapepach which has been the common
practice of Thai teachers. For teachers to devél@p competencies necessary to
implement teaching based on the constructivist @ggr, they need a clear
understanding of the disciplinary knowledge in thew curriculum, new learning
strategies, and the assessment and evaluation asetRorther work and development
must be undertaken on continuing professional agweént work in order for teachers,
administrators, and facilitators to develop theiderstanding and skills (Atagi, 2002;
Fry, 2002; Pillay, 2002; Dahsah and Coll, 2007).



In an attempt to further the understanding and exadlly the implementation of
the newly prescribed teaching and learning prosgsseany agencies offered the
working procedure as guidelines for schools in th®rm process. Among these
agencies were, for example, the IPST, the MinisifyEducation, the Rajabhats
Universities, and the faculties of education in tir@versities. A review of current
professional development programs, especially fesarvice science teachers, in
Thailand reveals that they emphasize the trainimgntation as an authoritative top-
down system in which knowledge is usually convelggan outside expert (Fry, 2002;
Pillay, 2002; Yutakom and Chaiso, 2007). In geneita¢ programs for professional
development are short-term workshops, one way ilegrand need of support after the
programs are finished (Yutakom and Chaiso, 200Te Significant limitation of the
current professional development programs is tiateéachers are passive recipients of
knowledge from the trainer, and their existing kitedge or beliefs are not considered
by the trainers. Even though there are variousrarog for professional development,
they are not very successful (Yutakom and Chai@672 One problem is that teachers
still lack understanding about constructivist-based learner-centered teaching
approaches, and lack techniques for facilitating ttevelopment of higher-order
thinking skills, and for using new technologiestineir classrooms (Atagi, 2002; Fry,
2002; OEC, 2004, 2005; Dahsah, and Faikhamta, 200&puld appear that this type
of professional development is not sufficient tangrabout the desired changes and
consequently students’ achievement, ability, anlisskre still low and do not meet the
desired goals of the educational reform (ONEC, 2@DEC, 2002; Wongwanich and
Wiratchai, 2005; Yutakom and Chaiso, 2007).

In an attempt to facilitate the newly prescribedcténg and learning process,
the essential components as guidelines for devajapiservice science teachers in the
reform process are offered. Firstly teachers mestetmpowered to enable them to
develop their own creative teaching models, onas dhe appropriate for their context
and situation (Fry, 2002; Pillay, 2002). The emphabtould be on the development of
life-long teacher learning and the provision ofdetlerm support to teachers and other
staff involved in the educational reform (Fry, 20®4llay, 2002). It needs reform that

should involve collaborative learning, teamwork asystematic joint responsibility,



and should encourage teacher educational instisitio learn together with the schools
(Piya-Ajariya, 2002).

Based on the literature, collaborative action rege# used in this study as an
alternative way of professional development. Thosrf of research brings together
secondary chemistry teachers, researcher, andraityveducator to collaborate, with
the common goal of improving and changing teachgmictice in line with
constructivist teaching. As a collective group, tthemistry teachers work and relate
together to share experiences on problems in thessrooms, discuss ideas to solve
their problems and to improve student learning, amalyze outcomes of their teaching
practice (Collin, 2004). It is a process that pdad teachers with the authority to plan
and pursue their study and use their findings tprawe their own teaching practice
(van Driel, Beijaard, and Verlo, 2001). In this text, teachers can see how multiple
perspectives inevitably can lead to better protesdi decisions (Sagor, 1992).
Teachers are empowered with the intellectual oppdtres to inquire about the topics
that are most significant and relevant to them @amel et al., 2001; Collin, 2004).

Central to collaborative action research in thiglgtare teachers’ contributions
to the constructivist based teaching and learnipgra@ach. This entails a series of
activities in collaborative action research in whieachers learn together and pursues
their own research aiming to improve teaching asatrling activities in their own
classrooms. Then, action research can be embeddeddhers’ practice, and can play

an important role in teacher education and thermefaf science education.

Purpose of the Study

The purpose of this study is to explore how chemistachers take action in
their own educational situations to change theicléng in order to encourage students
to construct a deeper understanding of chemisingejts. The teachers join together in
a collaborative action research group to examirses related to constructivist
teaching and learning, as a way of coming to aebettderstanding of how chemistry
can be taught to students in a new paradigm ofilegrin accordance with the



educational reform. This study will also examinevhithe teachers, as a group, gain
new knowledge about constructivist teaching andnieg and attempt to create ways
to teach from this perspective in an already exgspractice. This study examines how
each teacher engages in systematic, self-critnzpliry their own practices, in the light

of alternative approaches to teaching.

Research Questions

This study examines the enhancement of chemisaghiers’ teaching practice
based on the constructivist approach through ocotktive action research. The
research study aims to answer these following gurest

1. How do chemistry teachers perform their teachipgactices before

participation in the collaborative action resegocbject?

2. What is the influence of a Collaborative Acti®esearch project on the

chemistry teachers’ teaching practices based amstctivist approach?

Methodological Framework of the Study

The study reported in this thesis is aimed at ifigng how chemistry teachers
perform their teaching practices before participain the collaborative action research
group, and whether or not they change their tegclpiractices as a result of their
participation in a collaborative action researcbugr. | view the educational setting, for
example, people interaction, classrooms, and sshasl a complex world. The
chemistry teachers in this study are persons whetoact their own understanding and
interpret the meaning of the social world in ortlechange their teaching practices to
the constructivist approach. An interpretive methlody is employed as a framework
for this study. Interpretive research primarilymays an inductive research strategy to
construct a holistic view with rich and thick deption (Lincoln and Guba, 1985). |
believe this methodology can provide me with anrappate plan to conduct the
research aiming to answer the researcher’'s qusstidnvariety of data collection



methods under an interpretive methodology such lzsergations, interviews, and
reviewing of documents, can provide the complex halistic view of what teachers
know, how they practice their teaching, and thewoea behind their practices.

Research Method

The method used in this investigation is that ofcase study. It was
particularistic in that it was concerned with hoertain chemistry teachers changed
their practices in a particular setting, using @iotirative action research as a method of
inquiry. It was naturalistic in that it took plagenaturalistic contexts, and the teachers
were not manipulated. The chemistry teachers wexecases of the study. This study
attempted to describe contexts and settings ofh&xat practice changes. Multiple
sources were then used to provide a holistic arkpth collection of data. From the
data gathered, inductive analysis data was useatkvelop categories and themes of
teachers’ changes in their practice as a resyadifcipation in the collaborative action
research group. The details of each data collectimthod and data analysis are

discussed in the next section of this chapter.

Data Collection Methods

In order to understand the performance of in-serglcemistry teachers in the
classroom, multiple data sources have been usadgdtive research process. These
were: classroom observation, semi-structured irgervand teachers’ lesson plans. In
the second phase, the research sought to understamdhe teachers changed and
applied their new understanding about construdtipisnciples in their classroom
during participation in this study. The CAR groupcluding three teachers, on science
educator, and myself, was developed to work togefiteroughout the process in the
second phase, there were three cycles of the codtibe action research. The activities
in each cycle consisted of one group meeting hel&asetsart University, which
occupied approximately 3 hours, teachers’ formatatitheir lesson plans, one or two
lesson plans for each cycle, one-to-one individeacher meetings with me before
teaching the topic, teachers’ implementing thesséa plans, and teachers’ reflections



after teaching. The cycle of action research beg#ma CAR group meeting in which
the members shared their experiences about teabhs®yl on constructivist principles,
discussed problems of teaching, suggested wagslte those problems, and helped
each other to designed lesson plans in collab@aticcumstances. After the group
meeting the teachers adopted what they learnedesigml their lesson with the
assistance of myself, and then the teachers impigdetheir lesson plan in their
classroom. After having finished teaching eachdaesshey reflected on their teaching.
The recurring cycle occurred when the teachersritaéd their experiences to the
CAR group, with the members learning from each othieen they reflected on what
had happened in the classroom and revised thelegsdn plan accordingly. The data
collection came from multiple data sources: pgréiton in group meetings, classroom

observation, semi-structured interview and teac¢hessons.

Data Analysis

The approach to analysis used here involved ancthaduprocess: a search for
correspondences and patterns and themes. Within-@aalysis was made prior to

cross-case analysis.

Definition of Terms

Collaborative Action Research

Collaborative action research entails teacherg@searchers joining together to
examine what their current problems and needs laas. facilitator will help those
teachers who need it to search for the way to stite@ problems. In this context,
teachers, science and researcher come togethbate problems, set common goals,
create change, and accomplish shared goals witardegto teaching and student

learning in chemistry based on the constructiigtraach.



Constructivism

Constructivism is a theory about knowledge andniegr Knowledge, in the
constructivist theory, is individually constructescially and culturally mediated, and
therefore non-objective. Learning is viewed as H-regulated process in which
knowledge is constructed through interaction witte tenvironment, and through
individual reflection and discourse with others.

Constructivist Perspectives of Teaching and Learnig

Constructivist perspectives of teaching and legrare approaches to teaching
and learning which are consistent with cognitivenstauctivism and social
constructivism. Constructivist teaching and leagnactivities emphasize that students
need to be active and take responsibility in tlmn learning process. The important
components of this approach to teaching and legroomsist of eliciting students’ prior
knowledge, doing hands-on and minds-on activitipsgmoting social interaction
through cooperative learning, using a variety ofeasment methods for students’

learning, and utilizing continuous assessment.

Constructivist Teacher

A constructivist teacher is a teacher who desigasiéworks for learning that

emphasizes making connections between prior kn@elamd new understanding.
Chemistry Subject
The chemistry subject described here is in thenseiecurricular strands:

substance 3; properties of matter at upper secgradircation level for science-stream

students.
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Delimitation of the Study

This research study aimed to improve the teachmgl@arning of chemistry at
the upper secondary school level, so as to be stensi with learning reform in
Thailand. It was conducted during the Thai acadeyei@r 2008. Participants of this
study were selected by purposive sampling. Thangilparticipants consisted of three
chemistry teachers from three different secondanylip schools under the Bangkok
Educational Service Area, Office 2. All schools eemplementing the National
Science Curriculum Standard. The scope of thisystathcerned the chemistry current
teaching in upper secondary school and the changlkeemistry teaching. This research
aimed to examine and enhance chemistry teachinne with the constructivist

approach through collaborative action research.

Summary

Chapter 2 reviews the literature on: (i) Thailandueation; (i) teachers’
professional development in Thailand; (iii) actiogsearch; and (iv) constructivism.
Those topics are discussed to clarify the theorgegpinning the research study.
Chapter 3 outlines the research methodology, wharsists of: (i) introduction; (ii)
methodological paradigm and interpretive reseafdh); research design associated
with a qualitative research approach; and, (ivieaesh design for this study. Chapter 4
presents the findings of the first phase of exanginchemistry teachers’ teaching
practices from three case studies in their ownselssThen a cross case analysis among
those three case studies is presented. Chaptesemis the findings of the teachers’
changes in their teaching practices as a resulhaf participation in a collaborative
action research group. Finally, Chapter 6 preseotglusion and implications which
consists of: (i) review of the research framewdiR; conclusions of the study; (iii)
implications of the study; and (iv) suggestionsftother study.



CHAPTER I

LITERATURE REVIEW

Overview of the Chapter

The first and second sections of this chapter ceapa literature review of
Thailand educational reform and science educatmad, of the need for professional
development in Thailand. In the third section, diasiens of action research and
collaborative action research are reviewed. Thertliotsection is a review of
constructivism. It begins with cognitive construedm and social constructivism,
followed by a discussion of literature about comstivism as a reference for science
teaching and learning as well as a way for profesdi development. The objective
here is to discuss the purpose of the construttpproach and its impact on science
teacher professional development and student legarnihe components of the
constructivist approach are discussed and useduite gthe researcher towards a
definition and application of the constructivistpapach for the Thai educational
context. The ways for professional developmentughocollaborative action research
are reviewed. This review aims to analyze strategiel characteristics of collaborative
action research used in teacher development inr dodpromote in- service teachers’

teaching practices based on the constructivistcaubr.

Thailand Education

Educational Reform

The need for educational reform in Thailand, whselme to fruition in 1999 in
the form of the National Education Act 1999, carelplained in both international and
national contexts. Before the current educatioefbrm, Thailand had undergone a
rapid transformation from a predominantly agrictétibbased, government-subsidized
economy to an industrial, market-driven economylg#i 2002). In industrial societies,

manufacturing is the major industry and mass prdocat an acceptable level of
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guality and at a reasonable cost drives indugtriadiuction. The skills demanded of the
mass labor forces are generally limited to conahwgctasks such as following manuals
and assembling parts (Atagi, 2002). In 1997, thveme a major Asian economic crisis
triggered by the floating of the baht (Thai curngnand in the resulting climate of
unemployment, the need to improve the quality afcation and the level of human
resources in order to successfully compete in tbiead market was further highlighted.
Later analysis of this crisis led to the concludioat there were major insufficiencies in
many areas of the country’s economic developmeamte@ally in the areas of science
and technology (ONEC, 2001).

Thailand’s current educational reform initiativeem from the shock of the
Asian economic crisis, and subsequent politicalrmas such as the Constitution of the
Kingdom of Thailand B.E. 2540, which was enacted987, proclaimed that education
is a major tool for the development of the Thai gdep protecting ones rights, and
establishing equality (Office of the Council of &a2005). The 1997 Constitution of
the Kingdom of Thailand also provides the fundarakenational policy on education in
Section 81, which includes a requirement for th@écément of a national education law;
for the improvement of education in harmony witlee@mic and social change; for the
development of science and technology; for thallimgt of proper awareness; and for
the promotion local wisdom and national and cult(@NEC, 2003; Office of the
Council of State, 2005). Subsequently the firstoation law, The National Education
Act was enacted in 1999 and laid down a concretadation to initiate the reform, and
provides the framework and guidelines for the pmn and development of Thai
education (ONEC, 1999). It emphasizes lifelongreay with a balance of knowledge,
skills and attitudes. The aim is for all learngrde able to adjust to world trends and
events, and to develop desirable characteristiaduding virtue, competency,
happiness, and self-reliance (ONEC, 1999). The megmponents of the National
Education Act include: 1) Ensuring basic educafmmall; 2) Reform of the education
system; 3) Learning reform; 4) Reorganization o& tadministrative system; 5)
Introducing a system of educational quality asstear®) Enhancing professionalism
and the quality of the teaching profession; 7) Mahtion of resources and investment
for education; and, 8) Information and communiaatibechnology [ICT] for
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educational reform.. The educational guidelinesCivapter 4 of this act, suggest that
the objectives of learning, approaches to learniogtriculum, assessment and
evaluation methods, instructional media, and lemynresources all need to be

reformed.

The 1999 National Education Act has provided tlmmiework and guidelines
for the educational reform of Thailand. Later, BBasic Education Core Curriculum
was promulgated in 2001 and gave the frameworkémge the Thai education system,
teaching, student learning, and community partieypa In 2002, in accordance with
the National Education Act, 12 years of free badecation was made available to
students through the country. The government iat@eased that number to 14 years
to include two years of pre-primary education (OEXD06). The basic education
curriculum has a 14 years with two years (pre-prnimiastruction), six years of primary
(grades 1-6), 3 years of lower secondary (grad@y and 3 years of upper of upper
secondary education (grades 10-12). Schoolingaategr 1-9 is now compulsory (OEC,
2006). The framework provides objective, curricidaands, standards for curriculums,
body of knowledge and learning outcomes, and asssdsand evaluation methods of
teaching and learning by the end of 12 years, disasdoy the end of each grade level
for each subject group. The subject groups in tlasid Education Curriculum are
grouped into eight subject areas: Thai languageh®&faatics; Science; Social science,
religion and culture; Health and physical educatiarts; Career and technology; and

Foreign languages (Ministry of Education, 2002).

Science Education in Thailand

Since science is considered to be a global cultorethe knowledge-based
societies, it is necessary for people to be equippéh sufficient knowledge of science
and its implications. The goal of scientific liteyafor all is to enable people to
understand nature and man-made technological pt®dand to use scientific
knowledge reasonably, creatively, responsibly atidcally. Scientific knowledge is
also able to enhance Thais’ capability in econord&velopment, international
competitiveness and happy coexistence in a glolbahntunity. Under the 1997
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Constitution the state is required to help Thaiaiatknowledge and morality; to issue
laws relating to national education; to improve @ation so as to be attuned to
economic and social change; to create and stremdthewledge and inculcate sound
awareness of politics and a democratic system wémonent under a constitutional
monarch; to promote research in various discipjinesaccelerate the application of
science and technology for national developmenprtmote the teaching profession;
and to encourage the revival of the wisdom, art aotture of the nation. As

emphasized and stated in The Constitution of theg#eom of Thailand, the

government’s role in science is to facilitate tliegvess of science and technology for
the development of the country. Because of the mapoe of developing scientific

literacy for Thais, science education in Thailaad been awarded an important role in

educational reform since 1997.

The science curriculum framework that was develdpethe IPST was in line
with the National Education Act, especially in sect22 and 23 (ONEC, 1999;
Ministry of Education, 2001). The teaching and heag of science emphasizes that the
students should be doing the most learning andodesng by themselves. The IPST
which set the formulation of science teaching aaining in schools has the following
aims for the learners: to understand the principled theories of basic science; to
understand the boundaries, limitations and naturesatence; to have the skills
necessary to inquire and explore science and témfpyiato develop the thinking and
imaginative processes, the ability to solve proldeand acquire management,
communication skills and the ability to make demsi; to be aware of the relationships
between science, technology, people and the emaeah in terms of influence and
impact on each other; to utilize knowledge of sceerand technology to advance
society and daily life; and to have scientific msnanorality, and ethical sense and

values for using science and technology creati{i®$T,2003).

As noted above, the Thai science basic educatiomcalum is in line with the
Act. The science learning process needs to takecimsideration the fact that learners
are the most important element. In order to refdhm learning process, it should
promote and develop the importance of the leareatered teaching process, allowing
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learners to develop learning and thinking skillsd avith consideration for individuals’
interests, aptitudes, pace and potential (Atagd22®illay, 2002). This means that a
learner-centered learning approach should be engatas science classrooms. The
learner-centered learning approach is often ingtgolr as being a constructivist
approach (Kaewdaeng, 1998; Atagi, 2002; IPST, 260iBy, 2002). A constructivist
perspective on learning refers to the understandinthe nature of human learning,
with knowledge actively constructed by the learner aotl given to them, with
knowledge achieved through authentic learning, @it the tasks positioned in the
zone of proximal development. The constructivistagdeggm, which the Act relied on,
signifies a concerted effort to move away from thaditional approach which is
authoritarian, teacher-centered and didactic tosvaxdearner-centered facilitator of
learning (OEC, 2006; Dahsah and Faikhamta, 2008).

In summary, science education in Thailand is paeducational reform which
is aligned with the 1997 Constitution and the 19&8ional Education Act. According
to this framework, Thai students are intended trrlescience as part of lifelong
learning with a balance of knowledge, skills anitiedes, in order to achieve scientific
literacy. Approaches to learning science, the dsestructional media and technology,
and the assessment and evaluation of student mgar@ill should be based on
constructivist views of learning and teaching. Hoere the need to raise the quality of
the teaching profession is also emphasized in tagohal Education Act, the idea

being that each of these objectives would supperother.

Teachers’ Professional Developmenh Thailand

Rational for Teachers’ Professional Development

As noted earlier, teachers are key players in &tlutal reform, and teacher
quality is the most significant determinant of sahquality and school improvement
(Hargreaves and Fullan, 1992; ONEC, 1999; Atagip20 The 1999 National
Education Act attaches great importance to the avgmnent of the quality of teachers
and the raising of the status of the teaching gsadm. Proposing the view that teachers
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are the most important agents in this reform precearticularly to bring out the
desirable changes in learners as well as the lEpqmiocess, great emphasis is placed
on various policies that aim to bring about charigabe way teachers teach and learn.
Among the changes required in the 1999 Nationalcktion Act, there were changes
expected from teachers in their teaching, learrang professional practices. Listed
below are the changes required by the new law anhtrs’ teaching, learning and
professional practices.

1. Teachers are to be role models of learners (Sexf@and 7).

2. Teachers are lifelong learners and work towardstitoous development
(Sections 6, 25 and 30).

3. Teachers must be capable of teaching all typesashérs, regardless of their

physical, mental, intellectual, emotional, sociadl @ther differences (Section 10).

4. Teachers must be capable of organizing educatiomllotypes; namely,

formal, informal and non-formal (Section 15).

5. Teachers must organize the teaching and learninthaug through the

learner-centered approach (Section 22).
6. Teachers must organize the teaching and learninghade for the
development of numerous skills such as socialpstie technological, mathematical,

humanistic, etc. (Section 23).

7. Teachers must organize the teaching and learnirthade based on first-
hand experiences and activities (Section 24).

8. Teachers must be capable of assessing learnefsirpance (Section 26).
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With regard to the reform issues prescribed inNlagonal Education Act and
geared towards the reform of teachers and the iteaghrofession, it is important to
take careful consideration of teachers, the chamgeesses of teaching and learning,

and other related issues.

As noted earlier, the constructivist paradigm, whice National Education Act
relied on, signifies a concerted effort to move waviegom the traditional approach
which is authoritarian, teacher-centered and didadhe new bottom-up approach to
teaching contrasts strongly with the existing tiiadial approach which has been the
common practice of Thai teachers. In order to dgveéhe competencies necessary to
implement teaching based on the constructivist @ggr, teachers need a clear
understanding of the disciplinary knowledge in thew curriculum, new learning
strategies, and the new assessment and evaluatethods. Further work and
development must be undertaken in on-going prafessidevelopment work in order
for teachers, administrators, and facilitators éwedop their understanding and skills
(Atagi, 2002; Fry, 2002; Pillay, 2002; Dahsah arall 2007).

In an attempt to facilitate the understanding aneheually the adoption of the
newly prescribed teaching and learning process,ynagencies offered the working

procedure as guidelines for involving in-serviceesce teachers in the reform process.

Form of Professional Development

Workshop and Teacher Training

In order to satisfy the teacher development neetlted to the educational
reform of introducing new teaching and learning Imes, the major in-service science
teacher training in new teaching and learning agpghnes for classroom teachers was
through the face-to-face workshop and training paog Many workshops have been
conducted by or in collaboration with, for examplae IPST, the Ministry of
Education, the staff at Rajabhat Universities oacheer Colleges, and the faculties of
education and science in the universities (Yutakma Chaiso, 2007). The workshops
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often take place out of school, so that teacherst teave their classroom and students.
The predominant form of professional developmentsi®rt-term training or a
workshop and lasts for 2-3 days or a week, andlesirgsession workshops. The
training involves workshops, actual practice, usiofj multimedia, and creating
documents and handouts which will be applied td cEssroom situations (Yutakom
and Chaiso, 2007). However, most of teacher wonslaye more geared to fostering
an awareness type of the content knowledge rakizar the processes associated with
new teaching and learning approaches and strategesucate students to be scientific
inquirer (Yutakom and Chaiso, 2007). Nowadays, ttyige of training achieves
continuity by monitoring or evaluating the trainimogram to meet the needs of
teachers and to develop the training program (Yartaland Chaiso, 2007). However

due to the nature of teacher trainings, in mangms staff meetings are rare.

School-Based Training [SBT]

Considering that in-service teachers cannot be ntakevay from their
classrooms, there is an urgent need to direct ressuo developing and planning the
delivery of in-service training. School-Based Tragfocuses on training at school and
meeting the needs of teachers (Puntumasen, 20@#jturiRasen summarizes the
principles of SBT: the training is a developmergadcess based on the real situations
and actual needs of both the schools and the &sineith the ultimate aim of
enhancing the trainees’ capacities in organizirggl&arning process and the students’
capacities. The training takes place at school kwhig called School-Based or
sometimes in the community or Community-Based it school being responsible
for the training project. The trainer or teachersvare learning reform leaders enhance
the trainees’ capacities. The essential requisitedaith and genuine recognition on the
part of the trainees and participation on a volgntaasis. Both trainers and trainees
take efforts in conceptualization, planning andyag out line training together. The
training involves authentic practice, and makingaible different teaching and
learning methods, media and activities, which wél applied to real situations in their
classroom. The training is repeated on a continl@sss and makes uses of a variety
of methods, involving regular group meetings ardivildual consultations, with the a
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view to collectively finding solutions to problerasd enhancing the students’ learning.
It is an on-going process, benefiting from the eatibn outcomes which are used for
improvement in the planning. The ultimate aimsrafrting are raising the quality and

standard of the teaching profession as well astisents’ capacities.

Distance Learning

Considering that teachers cannot be easily takeay &®@m the classroom and
that they are often at schools in remote areas;native models of delivering training
via satellite was launch in collaboration with th@ST, the Distance Learning
Foundation and Educational Television [ETV]. Theomation about the new
concepts and practices is delivered to two way€by and via internet. However,
professional development in this approach is néreél locally through the program
but at state-organized, centrally located venudschwrequires teachers to travel. As
the result of the effectiveness of this programsiuad teachers need to interact with
mentors or experts continuously for assisting arahitoring (Yutakom and Chaiso,
2007). In addition, Wunpan (2007) has studied teeglopinions about science-math
programs on educational television station, anchdiotlnat the program emphasized the
teaching process in regard to ethics more thaiuithee academic aspect. The program
promoted the thinking process more than the learrshills. In regard to the benefits
the teachers obtained from the program, it wasdadhat teachers received guidelines
for teaching and learning using mixed media ratian using it as an example or
learning media in their teaching and learning d@i#is. The program focused on
knowledge of teaching and learning activities ntben it did on the learners’ needs.

A review of current professional development progsa especially for in-
service science teachers, in Thailand reveals that training orientations as
authoritative top-down systems, in which knowledgesually conveyed by an outside
expert and the teachers are passive recipients@flledge (Fry, 2002; Pillay, 2002;
Yutakom and Chaiso, 2007). These kinds of prograeve some limitations, and do
not achieve their aims of effecting a change irchea behavior (Yutakom and Chaiso,
2007). Even though there are various programs fofepsional development, the
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science education yet does not succeed. One hrwrasm that teachers lack
understanding of constructivist-based or learnetared teaching approaches, and lack
techniques for facilitating the development of lglerder thinking skills, and for
using new technologies in their classrooms (Ata@02; Fry, 2002; OEC, 2004, 2005;
Dahsah, and Faikhamta, 2008). It would appear th& type of professional
development is not sufficient to bring about thesick®l changes and consequently
students’ achievement, ability, and skills ard &ilv and do not meet the desired goals
(ONEC, 2001; OEC, 2002; Wonvanich and WiratchaiQ20Yutakom and Chaiso,
2007).

Requirements for Professional Development

In an attempt to facilitate the newly prescribedcténg and learning process,
the essential components as guidelines for invglimnservice science teachers in the
reform process are offered. Firstly teachers mastrhpowered so as to enable them to
develop their own creative teaching models appabgrior their context and situation
(Fry, 2002; Pillay, 2002). Secondly, the reformpobfessional development programs
needs to be a collaborative learning process, usagwwork and systematic joint
responsibility, continuity of activities, monitogn follow-up and quality evaluation
(Piya-Ajariya, 2002). Therefore, not only individysofessional development but also
a professional community plays important rolesdoaational reform. Development of
professional communities can have an effective ochpan school quality beyond
individual contributions. Piya-Ajariya (2002) alsprovides recommendations on
learning reform which promote collaborative actiogsearch to improve learning
outcomes and encourage teacher education institutio learn together with the
schools. Thirdly, the emphasis should be on theeldgwment of life-long teacher
learning and the provision of long-term supportdachers and other staffs involved in
the educational reform (Fry, 2002; Pillay, 2002;t&kom and Chaiso, 2007). The
program should be based on teachers’ needs thatoasestent with the problems of

science education in Thailand.
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In summary, according to the Act, teachers are jBlayers in educational
reform and their quality is the most significanttfa for school quality. However some
teachers are not familiar with, and lack an un@ading of, these teaching and learning
perspectives and activities set out in the Act. réfoge, teacher professional
development has an important role in enhancing hexadeaching in line with
educational reform. Emphasizing the developmenlifeflong teacher education for
learning and working as a group in collaborativehfan, are recommended. The next

session is devoted to the key issues related joostipg teacher development.

Key Issues to Support Teacher Development

Usually, for some reformers, professional developimeonsists mainly of
knowledge- and skills- based approaches imposeanhers on a top-down basis by
experts or trainers from outside their own sch@blargreaves and Fullan, 1992). Such
methods often fail to involve the teacher, and éfee run the risk of generating
teacher resistance. Now there is more evidenceintinkquality professional
development and teacher expertise with studenggopnity to learn. The knowledge
base on professional development has grown andrthkes for a key characteristic of

effective professional development.

Voluntary and Relate to Individual Needs

Effective professional development is more likedybe successful when it is
voluntary and relates to individual needs (Darliigmnmond and Sykes, 1999).
Teachers should be given the opportunity to theveseidentifying what they need to
learn in the development of the learning experie(izarling-Hammond and Sykes,
1999).

Engagement

Engagement, in this case, will increase teacheaivation and commitment to
learn. The teachers act as adult learners in #mileg approaches that they will use
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with their students (Loucks-Horsley, Love, Stilddundry, and Hewson, 2003).
Opportunities in the identification of what teach@eed to learn, provide ample time
for in-depth investigations, collaborative workfleetion, and connect explicitly with
teachers’ other professional development expergera®l activities, enhances their
sense of efficacy and affirms their strengths (lksdElorsleyet al., 2003). It increases
the likelihood that what is learned will be meariuigand relevant to particular
contexts and problems for teachers in real sitnatié-urther, training teachers to train
other teachers or asking teachers to support arhctheeir colleagues in the school, or
even engaging teachers with staff members to sthaie work, give feedback, and
mentor, can diminish or even override many of tffeces of top-down instruction

(Hargreaves and Fullan, 1992).

Support Continuously

Moreover, it is essential to follow up and provicntinuous support including
support from colleagues and other experts in legriommunities that can provide
necessary resources and an outside perspectiveptove teacher practices (Darling-
Hammond and Sykes, 1999; Loucks-Horsdesl., 2003).

All these might establish effective professionalelepment and reduce the risk
of teacher resistance. The next section is devegttion research as an alternative

professional development model for the professideaklopment.

Action Research

Common ldeas of Action Research

Action research in education has often been seernwasy of involving teachers
in changes which improve teaching practice. Thmtexction research, was first used
in the 1940s by Kurt Lewin who worked in the deyestent of a collective problem-
solving cycle for improving life in organization€#élhoun, 1994). Based on Lewin’s

work, the assumption is that if teachers work tbgebn a common problem, clarifying
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and negotiating ideas and concerns, they will beentikely to change their attitudes
and practices, if research indicates such changedsssary (Oja and Smulyan, 1989).
There are three general aims of action researelff. d¢velopment, improved school
practice, and the generation or elaboration ofriksm@f teaching and learning (Oja and
Smulyan, 1989). In staff development, action rede#s viewed as increasing teachers
understanding of their own practice in the classra@nd school, and in this manner
increasing self-esteem and/or greater feelingsaplability in solving problems and
making decisions. To improve school practice, teeglgain new knowledge which
helps them to solve immediate problems, to extéwmir tgyeneral knowledge base as
professionals, and also to become skilled at rebeathich can be applied to their
teaching or future concerns. The last aim is #gegating and elaborating of theories
of teaching and learning underlying teacher pracfihe theory can be grounded in the
realities of the school and is generalizable toeothducational contexts. In this

perspective, action research is viewed as knowledggduction.

Process of Action Research

Basically, the process of action research consists spiral of cycles of action
and research with four major phases: plan, acterobs and reflect (Kemmis, 1990;
Zuber-Skerrit, 1990; Calhoun, 1994; Kemmis and Wglkn 1998). The plan includes
problem analysis and a strategic plan. Action eefeer the implementation of the
strategy planned. Observation includes an evaloatidhe action by using appropriate
methods and techniques. Reflection finally is donahe results of the evaluation and
on the whole action research process. Criticadlgichers are conducting action research
on the careful collection of data to diagnose potd as well as a disciplined search for
alternative solutions (planning), an agreement db (acting), and the conscientious
monitoring (observation) of whether and how mucle golution worked, with a
recycling of the process (reflection), and eithigacking the problem again or focusing
on another solution. Such processes are conduotegtdcher development in which
each teacher continually strives to improve thenfgrmance by learning to solve more

and more problems. These activities aim at the avgment of practices, the
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understandings of the practice by practitioners, @m at the involvement of as many

practitioners as possible of all activities.

Forms of Action Research

Action research in education and its related preeedakes numerous forms.
Generally, there are three main differences amdwgcurrent approaches to action
research, based on how many people are involveavaether the inquiry is conducted
by individual teachers, by a small collaborativeug, or by the entire school faculty
(Calhoun, 1994). The individual teacher as resesirshusually focused on changes in
a single classroom. On the other hand, collabaratietion research depends on the
number of teachers involved. Its focus might beporblems and changes in a single
classroom, or on several classrooms within théiosts. School-wide action research
implies the improvement of everyone in the scholebws involved in the inquiry. Each
type has its virtues and its different purposes @salts (Calhoun, 1994). In addition,
to meet the combined goals of improved practicepaeded theory, and staff
development, educational researchers could bevadadh collaborative action research
and examine the processes in which they are engagddise their findings to improve
both the process and products of action researdhdanschools (Oja and Smulyan,
1989).

Collaborative Action Research

Collaboration

In education, action research has the potentiaiktend and enhance teachers’
knowledge and can additionally result in personedwgh through collaboration,
authentic participation, power in their own workdasharing the language used by the
community (Collins, 2004). Collaboration is onetbé key tenets of action research
which allows for mutual understanding and consendesocratic decision making,
and common practice (Carr and Kemmis, 1986; Oja &ntulyan, 1989). Since
teachers have to solve increasingly complex eduaali problems comfortably,
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individually, teachers often confine themselveshi few teaching strategies they have
found to be the easiest to use. The result is mbéspread excellence in the classroom
and nothing is improved in the time passed. Tloeegfworking with other teachers
and educators in collaborative action research legp these teachers acquire more
useful teaching strategies and better teachingssk#$agor, 1992). Collaboration
provides teachers with the support necessary baseéeachers’ interests or needs, and
includes self-monitoring to make fundamental chanigetheir practices, changes that
endure beyond the research process (Sagor, 1982rdjSmulyan, 1989). In addition,
collaborative action research helps teachers tdraanproblems firsthand when the
context of the interventions reported or discusisethe educational journals may or
may not conform to the realities of research arattore (Sagor, 1992).

Common Problem

Collaboratively, the process is based on teams rattpioners who have
common problems and work together to investigaseds related to the nature and
context of the problem encountered (Oja and Smuly&89; Sagor, 1992; Collins,
2004). Collaborative action research demands @sdarch becomes practitioner-based
and that all theorizing and practice taken placéhencontext of the classroom setting
(Collins, 2004). Teachers have the opportunity esvelop immediate and deeply
relevant understandings of their situation, andnle® be involved actively in the
process of dealing with those problems (StringéQ73. Collaborative action research
entails teachers joining together to examine ake &ction in response to different
issues and concerns related to their practices.

Share Power and Ownership

Common features of collaborative action researctude control or ownership
of the specific questions or problems teachers wargxplore and the actions they
carry out, in combination with group activities (vdriel et al., 2001). However,
collaboration also tries to share power through dieenocratic principles of shared
understanding and shared decision making (Collia042 While working with
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teachers, researchers work toward improving teathmwn practices by facilitating
organizational and operational processes, ratlar tlefining and controlling teachers.
In this approach, teacher-researchers come togétheet and share common goals
regarding teaching and student learning as wellfoasmutually establishing the
research design. However, in the case of the imgeation of an innovation, each
individual teacher is stimulated to explore theimogoal. They then solve problems in
their practices. The data is collected, analyzed,raported to the group members.

Focus on Practice

Throughout the research process, most collaborattien research focuses on
immediate problems defined by practitioners who @a#icipating in those researches
(Oja and Smulyan, 1989; Collins, 2004). Teacherg cmne together to share insights
and develop ideas and/ or they may use their fgglprimarily in their own classrooms

context.

Teachers’ Professional Growth

Another expected outcome of action research inadhrcbeyond the change in
teachers’ practice is teachers’ professional growthaddition, collaborative action
research always proceeds through spiraling cyalesuggested for example by Lewin
in 1948 and Elliot in 1981 (Oja and Smulyan, 1989%ch provides a model of the
process of action research which emphasizes ragugycles of planning, acting,
observing, reflecting, and revising or modifyingetiplan. The spiraling cycles are
necessary to bring action research under the doofraunderstanding that allows
practitioners to use their own reflections, underding, and developing theories to
inform both practice and research (Oja and SmulyE989). Teachers gain new
knowledge which helps them solve immediate problemm®aden their general
knowledge base as professionals, and learn reseskitth of how to analyze a
problem, work with others to solve it, and evalutieir results (Oja and Smulyan,
1989).
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Partnerships

Collaborative action research projects can be desicas a specific form of
staff development in the context of the implemeaatatof an innovation or current
practice (Oja and Smulyan, 1989; van Dril al., 2001). Many articles and
descriptions of collaborative action research oftfer to the joint work engaged in by
teachers or administrators working with univergsrsonnel, by intermediate service
agency personnel, or by facilitators of an educatigroup (Feldman, 1996; Lynch,
1997; Parke and Coble, 1997; Bencze and Hodson9;1g&pobianco, 2007).
Throughout the research process, development gritaipon allows both teachers and
researchers to connect theory and practice withoggortunity for reflection, for
unexpected insight into situational realities and dontributing their knowledge and
skills (Oja and Smulyan, 1989; Feldman, 1996; Lynt®97; Parke and Coble, 1997;
Bencze and Hodson, 1999; Capobianco, 2007). Astagrahip, continuity is provided
by the researchers through the communication ahabooation network they establish
with those teachers or practitioners involved ia skudy.

Rationale for Using Collaborative Action Research

Collaborative action research is used in this saslyvay for chemistry teacher
to identify, explore, and reflect upon the condtimist teaching approach. This form of
research brings together secondary chemistry teschesearchers, and university
educators to collaborate, with the goal of imprgvend changing teachers’ practice
based on the constructivist approach. As a collecgroup, the chemistry teachers
work and relate together to share experiencesusksitieas, and analyze outcomes of
their teaching practices. As a researcher, | myselive as the facilitator of the group,
and guide and support the teachers in their ingglirAt each step of the study, each
teacher identifies an issue or problem relatedvéocbnstructivist teaching approach to
be addressed. A group addresses members’ congadrihen uses a recursive process

of action research in carrying out the projectslassrooms.
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The rationale for using collaborative action reshas because systematically
engaging in teacher research provides many oppbesifior teachers, individually and
collectively, to seek new routes for transformimgl amproving their own practice. It is
a process that provides teachers with the authtaripfan and pursue their study and to
use their findings to improve their own teachinggtice and/or student learning. It is a
way of inviting teachers to find new ways of enhagcheir practice. In other words,
this form of teacher research heightens teacheaeff.

Collaborative action research encourages teacheshdre their search ideas,
methods, data, and findings with others in an @ooned way in order to construct
alternative viewpoints, perspectives, and appraadioe practicing with groups of
diverse students. In this context, teachers carhgeemultiple perspectives inevitably

can lead to better profession decisions (Sagor2)199

In summary, based on the literature, collaborasiggon research is described
as a process by which teachers gather togethergage in systematic, self-reflective
inquiry of their practices for the purpose of imying as well as coming to a better
understanding of that practice. By joining togettieachers find new ways to connect
with one another in order to share and discuss therk. Central to collaborative
action research in this study are teachers’ cauiobs to the constructivist based
teaching and learning approach. As researchershees reflect, change, and modify
their own practice. This entails a series of atiigi in which teachers use already

existing knowledge and in effect, gain new knowlkedtlg doing so.
Constructivism
Constructivism is a Theory of Learning
Constructivism has become a central epistemologgducation and this has
implications for science education. Constructivismviewed as an epistemology or a

theory about knowledge and learning (Fosnot, 19G86hstructivism is seen as a form
of realism in the sense that the existence of Btyea recognized from the outset by
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what is known about it in a personal and subjecivag (Tobin and Tippins, 1993). A

constructivist perspective acknowledges the exegt@f an external reality but realizes
that we never know what that reality is actualkeli The basis of constructivism can be
described by looking at two major different appitwes to the construction of learning:

the cognitive constructivism and social construstiv.

The key idea that sets constructivism apart froneotheories of cognition was
launched by Jean Piaget (von Glasersfeld, 1995gePs constructivist theory
mentions that one cannot draw conclusions aboutliaeacter of the real world from
the viability of schemes of action. In his view, attwe see, hear, and feel is the result
of our own perceptual activities and therefore gmeto our ways of perceiving and
conceiving. Piaget’s theory of knowing asserts twaen a person encounters new
experiences and events, the person seeks to asiitibse events and convert them to
fit their existing mental structures (schema) orduise the existing mental structures
(schema) to accommodate the new information (voas@&kfeld, 1995). The mental
structures, or schemas which Piaget defined asnbkatal representation of an
associated set of perceptions, ideas, and actaesformed and reformed based on

experiences, beliefs, values, socio-cultural hisggrand prior perceptions.

Based on Piagets’ work, Ernst von Glasersfeld thedra second type of
cognitive constructivism termed radical construstiv. Ernst von Glasersfeld has had
great influence on the development of construdtiisory in mathematics and science
education (Matthew, 1994). By radical constructivisron Glasersfeld meant a theory
of knowledge that knowledge does not reflect ttaityeof an object, but knowledge is
constituted exclusively by our experience in anearty and organization of a world
(Matthew, 1994; von Glaserfeld, 1995). For the cabiconstructivism, knowledge is in
the heads of persons and knowledge is construgteshlat he or she knows on the
basis of his or her own experience (von Glaserste9®5). Briefly, according to von
Glaserfeld, one perspective on the process of kedyd construction is that the learner
is the constructor of knowledge through the perkomarplay of experience with their
knowledge scheme and social activity of those agpees. The emphasis in learning is
not on the correspondence with an external authobitit the construction by the
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learner of schemes that are reasoned and usefaémo. This view of knowledge has
serious consequences for the conceptualizationeathing and learning that shift
emphasis from the student’'s replication of what teacher does correctly to the

student’s organization of their own experiences.

However, we cannot understand an individual's cigmistructure without
observing it interacting in a context, within atcwé. Some educators argue against the
cognitive theory of Piaget and the radical congivisim of von Glasersfeld (Tobin and
Tippins, 1993; Hardy and Taylor, 1997; Matthews97P These educators argue that
personal constructivism is flawed and problemagcause it denies the socially and
historically situated nature of knowing (Tobin ahgbpins, 1993). Learning for these
educators is dialectic between the individual anciety, and thus there is an effect of

social interaction, language, and cultural influmoa learning.

Another view of constructivist theory is social stnuctivism derived primarily
from the Russian psychologist, philosopher, andyé&awlLev Vygotsky (Vygostky,
1978). Vygotsky is interested in the influence oltare on an individuals’ learning. He
argued that all cognitive functions originate irtigb interactions and that learning was
not simply the assimilation and accommodation ofvienowledge by the learner.
Learning is the process by which learners are rated into a knowledge community.
Vygotsky believed that to understand human intaligicdevelopment and how humans

perceive the world one must understand its soaidlhastorical circumstances.

Vygotsky (1978) advocated that children learn vietivity and hence
intellectual development should be the emphasithefcurriculum as teachers extend
and challenge students to move their thinking fepontaneous to scientific concepts.
Vygotsky (1978) uses the term zone of proximal ttgu@ent [ZPD] to describe the
place where a child’'s spontaneous concepts meetsyseematic logic of adult
reasoning. The ZPD is the distance between thalkdavelopment level of the child as
determined by independent problem solving and ¢lellof potential development as
determined through problem solving under adult gnak or in collaboration with
more capable peers (Vygostsky, 1978). This zonesd&mom child to child and reflects



31

the ability of the learner to understand the logiche scientific concept. Vygotsky
also sought to study dialogue as the adult andetimaers’ converse, question, explain,
and negotiate meaning. He argued that the mostte#elearning occurs when the
adult draws the child out to the jointly construtteotential level of performance.
Vygotsky believes that the cooperative relationdiepveen the teacher and child is all

important, due to the complex interaction betweestruction and internal learning.

Vygotsky believed that when a student is at the ZBD a particular task,
providing the appropriate assistance will give shedent enough of support to achieve
the task. Vygotsky (1978) theorized that learnisgisocial and collaborative process
and that knowledge is not simply constructed. Ttsamunity surrounding the learner
plays an important role as the learner construaanimg from his/her surroundings.
The collaborative learning methods are requireghrasesses of students’ interaction
and the student is the main figure in the learnowjlaboration. According to
Vygotsky, teachers use the possibilities of theadanvironment to direct and guide
the student’s activity, with the intent of encourag further development through

internalization.

As above, constructivist theory views the learne@aa active agent of learning
rather than as a passive learner who receives ledoelin the world. While cognitive
constructivism is aligned with an emphasis on il cognitive development, social
constructivism emphasizes education for social sf@mation. However, in both
views, there is an interaction between the leaara the environment. From this
interaction, the learner constructs their own megsi In response to new
understandings from science and technology mangatdis have involved the concept
based on the findings of cognitive and social aoresivism on the theory and practice

of science education (Matthew, 1994; von Glaserfed®5).

Constructivism as a Reference for Science Teachimmmd Learning

Constructivism, as a set of beliefs about knowind knowledge, can be used
as a referent to represent a method of teachingnalfyzing learning potential, or even
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as tool of critical reflection of student and teacholes. The teacher bases what
happens on beliefs of how to build a classroom thakimizes student learning. In
addition, a constructivist perspective helps edwsato decide what might comprise a

curriculum.

The Importance of Prior Knowledge

Constructivists generally regard the purpose ofcation as educating the
individual student in a fashion that supports thieiterests and needs. Individual
cognitive development is the main emphasis. Legrmnprimarily an individualistic
enterprise. Constructivist methods emphasize tlgagement of the student in the
learning process and the importance of prior kndgdgeor conceptualizations for new
learning (Matthew, 1994). Work in this field revedhat when students begin science
lessons, they already have knowledge schemes wheh draw on in a learning
situation (Driver and Bell, 1986). What studentsrtefrom lesson activities depends on
both the nature of the tasks set and on the kn@elesthemes that students bring to
these tasks. Regarding the importance of studknts/lledge schemes, Driver and Bell
(1986) state that learning science is more tharntakimg in of new information; it is
also a restructuring of the concepts or framewdhnkslearners already havéearning
thus involves an interaction between students’ alesthemes and the experiences they
have, and thus students construct their own nevenstahdings or knowledge through
the interaction between what they already know aciivities with which they come
into contact (Cannella and Reiff, 1994). The exg®e may fit in with students’
expectations, in which case little change is rezmlin the students’ schemes. On the
other hand, the experience may be new and studeais change or adapt their
knowledge schemes as a result. The process of asithdgesting current ideas in new
situations requires the active involvement of stislein drawing on their present
schemes, relating them to new tasks, and perhapgam@zing them. In this way,
learning in science as well is seen to entail thegmssive development and

restructuring of learners’ knowledge schemes.
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Constructivism presupposes that all knowledge wpuimed in relation to the
prior knowledge that the students bring their pkoowledge to learning situations.
The educator or teacher does have a mechanisnidibing the prior knowledge of the
students that need to be altered or modified byaalter in order to present the new
knowledge in a way that can be incorporated inte tearner’'s construction of
knowledge (Vadeboncoeur, 1997; Baviskar, Hartlel ®hitney, 2009). The teacher
could facilitate this alteration by devising tasksd questions that create dilemmas for
students (Vadeboncoeur, 1997). Driver and Bell @) @fscribe constructivist teaching
as being characterized by a number of steps, onehath is to elicit student’s prior
knowledge; this can be achieved by a variety oivaiets, such as group discussion,
designing posters or writing. Richardson (1997)ntdees characteristic instructional
practices including hands-on activities, such aslestt tasks that challenge existing
concepts and thinking processes; and questioningnigues that probe students’
beliefs and encourage examination and testing adelbeliefs. Windschitl (2002) also
identifies some guidelines when planning a lessothé constructivist classroom: (a)
teachers must be aware of the student’s prior aveaeeof ideas, (b) teachers need a
clearly defined conceptual goal, (c) they need riolude teaching strategies that
challenge initial ideas, (d) the lesson plans nieedffer opportunities to utilize new
ideas, and (e) the teacher needs to create aadas®nvironment which encourages

students to put forth and discuss ideas.

In summary, according to constructivism, all knadge is acquired in relation
to the prior knowledge that students bring to tlessroom. The teacher must have a
strategy for eliciting the prior knowledge of theidents in order to present the new

knowledge in a way that can be incorporated in&léarner’s construct.

Learning as an Active Process

Most science educators have supported the ideactmatructivist learning is
more focused on students than teachers (Yager,)19@arners are not viewed as
passive but are seen as having purposive resplysibr their own learning (Driver
and Leach, 1993). In constructivist views, learningolves the process of students
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constructing their own meaning as an active prqaass that often takes place through
interpersonal negotiation (Driver and Bell, 198G;v@er and Leach, 1993; Matthew,
1994). The construction of meaning is a continuand active process. Therefore,
learners have the final responsibility for theiar@ng. There are patterns in the types
of meanings students construct due to shared exmpas with the physical world and
through natural language. One of the learning nsoodebposed by Yager (1991) is the
Constructivist Learning Model [CLM] which suppogs active learning process led by
learners. Students acquire personal knowledge ghraheir interactions within their
communities. Yager's Constructivist Learning Mod&ager, 1991) illustrates the

essential strategies. They include:

1. Seeking out and using student questions ara$ itteguide lessons and whole

instructional units.

2. Accepting and encouraging student initiatiomdegfs.

3. Promoting student leadership, collaboratiorgatmn of information, and

initiative as a result of the learning process.

4. Using student ideas, experiences, and intetestisive lessons (this means

frequently altering teachers’ plans).

5. Encouraging the use of alternative sourcesnformation both from written

materials and experts.

6. Using open-ended questions and encouragingstsido elaborate on their

guestions and their responses.

7. Encouraging students to test their own ideas, answering their questions,

their guesses as to causes, and their predictiorestain consequences.
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8. Seeking out student ideas before presentingtedheher’s ideas or before

studying ideas from textbooks or other sources.

9. Encouraging students to challenge each otheriseptualizations and ideas.

10. Using cooperative learning strategies thathesjze collaboration, respect
of individuality, and use of division of labor tas.

11. Encouraging adequate time for reflection andlysis, and respecting and

using all ideas that students generate.

12. Encouraging self-analysis, the collection edlrevidence to support ideas,

and the reformulation of ideas in the light of nexyperiences and evidence.

According to Brooks and Brooks (1993), educatia®tings that encourage the
active construction of meaning have several charstics:

1. They free students from the dreariness of faeed curriculums and allow

them to focus on large ideas.

2. They place in students’ hands the exhilarafpogver to follow trails of

interest, to make connections, to reformulate idaad to reach unique conclusions.

Saunders (1992) also suggested some points adtiwdfdeaching strategies
which can be used to implement constructivist pegspes in science classrooms. His
idea is based on the principle that sensory expes® and active learning help
learners’ generate meaningful understandings. dieroto resolve students’ cognitive
dis-equilibration, hands-on laboratory activitiessed on the investigative or inquiry
approach are effective. And to enhance meaningfaitning, the classroom activities

can provide active cognitive involvement by proaglia cognitive conflict to students.
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In summary, the construction of understanding isoatinuous and active
process, in which learners have the final respdlitgitior their learning. To enhance
meaningful understanding, teachers should createatidnal settings and use teaching
strategies which can encourage the active congiructf knowledge in their science

classrooms.

Learning Science through Social Interaction

Learning science involves being initiated into thdture of science which holds
that scientific ideas and theories result from #wrial construction of scientific
knowledge (Driver and Leach, 1993). There is anartgmt point at issue for science
education. In learning science, students need t@iben access to the concepts of
conventional science. An individual’'s ideas shooédaffirmed and shared by others in

classroom exchanges that have a part in shapirgtveledge construction process.

Regarding the social dimension in learning andcdrstruction of knowledge,
small-group work based on investigations is effectin stimulating students’ higher
level thinking activities. Using group work as asizafor the social organization of the
classroom gives students opportunities to thinkugh and exchange ideas with their
peers (Driver and Leach, 1993). Windschitl (2002)ntions that in learning with a
social dimension, students are given frequent dppdies to engage in complex,
meaningful, problem-based activities. Students wookaboratively in cooperative
learning activities and are given support to engagesk-oriented dialogue with one
another, both with their peers and teachers, tootstruct meaning.

Many educators have introduced group process &si@ams that are common
in cooperative learning. Cooperative learning s itistructional use of small groups so
that students work together to maximize their owd aach other’s learning. Students
work through the assignment until all group membsuscessfully understand and
complete it. The essential components of cooperatice positive interdependence,
face-to-face promotive interaction, individual agwbup accountability, interpersonal
and small group skills, and group processing (Johndohnson, and Holubec, 1993).
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Systematically structuring of those basic elemémtis group learning situations helps
teachers to ensure cooperative efforts and theylentghe implementation of

cooperative learning for long-term success.

The widespread use of cooperative learning is Msiim the variety of
cooperative learning methods available ranging fr@ry concrete and prescribed to
very conceptual and flexible. Almost many teaches find a way to use cooperative
learning that is congruent with his or her phildsies and practices. So many teachers
use cooperative learning in so many different wags, for example, Group
Investigation [GIl] (Sharan and Sharan, 1990), Jiggdronson, Stephen, Lides,
Blaney, and Snapp, 1978), Teams-Games-Tournamdé@&@3][ (Slavin, 1990), and
Student Teams Achievement Divisions [STAD] (Slavify8).

In summary, as mentioned above, the constructioscightific knowledge has
resulted in the scientific community sharing a viefnthe world. Learning science also
involves being initiated into the culture of scien@n individual’'s ideas should be
affrmed and shared by others in classroom exclarge activity that has a part in
shaping the knowledge construction process. Insob@sn practice, teachers should
practice and rely heavily on collaboration amongdshts. The main reason this
approach is used so much in constructivism is stiadlents learn about learning not
only from themselves, but also from their peers.ewBtudents review and reflect on
their learning processes together, they can piclsttgtegies and methods from one

another.

Assessment as a Part of the Learning Process

As regards a way of assessing the true potentiatunfents, the constructivists
emphasize continuous learning assessment rathewvibaing assessment as a process
carried out by one person, such as a teacher ira tnaditional, direct instruction
approach in which students would be given writtests after a certain amount of
material had been covered. In the constructive$srioom, assessments are made daily,
and within the context of the inquiry (Gregory, 200In the constructivist classroom,
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assessments are made continuously and are seaex&rscably linked and not separate
processes (Holt and Willard-Holt 2000; Gregory, 200Assessments are seen as
formative, prompting students to rethink and inquifurther (Gregory, 2002).
Windschitl, (2002) suggests that teachers could ley@ variety of assessment
strategies such as the observation of learningvi@tsaand participation in activities,
self-evaluation, and tests, in order to understaod students’ ideas are evolving and
to give feedback on the processes as well as tdupts of their thinking. The role of
the teacher becomes one of entering into conversatith the students being assessed
to find out their current level of understanding any task and sharing with them
possible ways in which their understanding might ibgroved or their newly
constructed knowledge refined. One key componerdotestructivist thinking is that
the teachers share responsibility on their ownsassent authority with their students

as self-assessors (Jonassen, 1992; Gregory, 2002).

In summary, assessments in constructivist environsnare more concerned
with assessing the knowledge construction procetsnia variety of contexts and not
as much concerned with assessing knowledge. t & separate step coming at the end
of the learning process but a part of the learrpngcess. There is not one correct
understanding and there is no one method to assaedsnts’ understanding. A variety
of assessment methods are employed to documetdaireers’ growth and to look for
changes in their thinking and learning skills andridicate the quality of the learning

experience, all of which serves as a direct founddbr further development.

Multiple Roles of the Constructivist Teacher

A teacher plays an important role in providing amgaging teaching and
learning environment. This shift in a teacher'sssolnd responsibilities from that of a
dominant information feeder to a facilitator is is&s most important in a constructivist
context (Richards, 1998; Witfelt, 2000; WindschD02). The teacher is a mediator
between students and their environments, and ngplgia giver of information and
manager of behavior. Witfelt (2000) listed new teaxccompetencies in constructivist
contexts that include: supervisor, supporter ammiit@or of students’ work, advisor



39

and subject-matter expert, inspirer and encouragbiter at group discussions, critic in
mobilizing greater effort when objectives are netng met, and evaluator to improve
general learning capacities of students. BrooksBxndks (1993) describe the duties of
constructivist teachers: to encourage and accegéest autonomy and initiative, to use
raw data and primary sources, along with manipegatinteractive, and physical
materials, to allow student responses to driveolessshift instructional strategies, and
alter content, to inquire about students’ undeditags of concepts before sharing their
own understandings of those concepts, to encowsagients to engage in dialogue,
both with the teachers and with one another, tmerage student inquiry by asking
thoughtful, open-ended questions and encouragindests to ask questions of each
other, to seek elaboration of students’ initial peasses, to engage students in
experiences that might engender contradictionshé&r tinitial hypotheses and then
encourage discussion, to allow wait time after pgsjuestions, to provide time for
students to construct relationships and create pheta, and to nurture students’
natural curiosity through frequent use of the leagncycle model. Baviskaet al.
(2009) identify the constructivist teacher’s roésscreating a context where the learner
is motivated to learn. The roles of teacher inclymteviding content, information
resources and the tools necessary to mediate mgarposing relevant problems and
qguestions, linking these resources and questionthdostudents’ prior knowledge,
helping students elaborate on or restructure tbheirent knowledge, and assisting
students to construct their own meaningful undeditey. Driver and Leach (1993)
identifies the teacher’s role in the constructividhssroom as that of becoming a
facilitator or guide, or as being the more diagimoshe of listening to students in order
to understand their thinking and then interveniwpen appropriate, with suggested
ideas or experience to extend students’ thinkinggd @hereby ensuring that the
classroom environment is a supportive one whemnéga feel able to contribute their

ideas.

As noted above, within a constructivist classroohe teacher plays multiple
roles that enable the students to find and makie ol connections, so as to result in
valid internalized meanings unique to the studeftse teacher does this by asking
guestions to see how students may have previogsigticted information related to
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the topic. The teacher provides an environment uoderstanding the social and
collaborative nature of learning. The teacher lethds students through exploratory
activities that enable them to investigate on th@wn and come to their own

conclusions as to what is happening. The teachieegistudents by asking questions
that will lead them to develop their own conclusioon the subject. The teacher
interacts with each student to see how they arstometing the new information and

helps them formulate sound conclusions by aidireg dtudents in reconstructing the

information in ways that are both valid and meafuhtp them.

The Constructivist View on Professional Development

On view of adult learning, the principles of constivist theory are adopted for
professional development such as collaborativeoaatsearch which it advocates the
importance of aiding and allowing teachers to bbiidiges in their own minds between
that which is known and that which they are comimgnow (Macpherson, Arcodia,
Gorman, Sherphed, and Troust, 1998). Based onrth@ dearning, Schon (1987 cited
in Atay, 2006) believes that in questioning, distng, and checking beliefs and
practices with others, teachers make implicit kremgle explicit and progressively and
improve control of their own teaching. Within thesnstructivist framework, teacher
education programs for educational research shiogldde opportunities for teachers
to become aware of their own practices and teadrer&ncouraged to construct their

knowledge to become active participants in resegktdny, 2006).

Summary

This chapter describes the review of the literaturehe importance for science
teacher professional development in the Thai edwwat context; action research,
collaborative action research, and constructiisioty that can lead to the principles
for developing professional programs and designasgarch methodology. In Chapter
3, the methodology of this thesis is discussed iqdarly with reference to
collaborative action research projects, the qualgaresearch methods, the research
methods using in this study, trustworthiness, datkection, and data analysis.



CHAPTER 11l

METHODOLOGY

Overview of the Chapter

In Chapter Two, constructivist views of learningdathe conceptualization of
action research were discussed. The discussidmesétviews provides a framework to
understand how people learn, particularly how irnvse teachers learn and develop in
their teaching profession. The integration of comgtvist views of learning is
presented as a theoretical framework used to dpwatoactivity to enhance in-service
chemistry teachers’ teaching practices based ostrartivist principles. There are two

research questions which are investigated in thys

1.How do chemistry teachers perform their teachingctices before

participation in the collaborative action resegocbject?

2.What is the influence of a Collaborative Action Baxh project on the
chemistry teachers’ teaching practices based amstmuctivist approach?

This chapter sets out the research methodology tsetldress the research
guestions. The research methodology is conceivdakta theoretical framework and
the rationale assisting me to plan the inquiry psscand select the choice of methods
of both data collection and data analysis (Pat®02; Crotty, 2003). The first section
outlines the methodological paradigm for the reggawhich includes the justification
of why the interpretive methodology was chosen. Beeond section the research
design associated with a qualitative research @ghroThe last section outlines the
research design for this study, and includes thiewing: participants; role of CAR
members; CAR program; data gathering methods; datdysis and interpretation;

ethical considerations and trustworthiness of thdys
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Methodological Paradigm and Interpretive Research

Qualitative research has become an increasinglypitapt mode of inquiry for
the social sciences and applied fields such asagidac(Marshall and Rossman, 2006).
Qualitative research constitutes proper inquiryhiitthe qualitative, or interpretive,
paradigm, which presents a refinement of what #searcher thinks about the world
(Lincoln and Guba, 1985; Marshall and Rossman, R0QGder the interpretive
paradigm, qualitative research is pragmatic, intdipe, and grounded in the lived
experiences of people, and it draws upon multiplghods of inquiry (Marshall and
Rossman, 2006). The research methodology is al$eedefrom a paradigm which has
a crucial role in the inquiry because it is thelggophical foundation underlying types
of research (Lincoln and Guba, 1985). Research adetbgy is the strategy, plan of
action, process or design lying behind the chome ase of particular methods, and
links the choice and use of methods to the desidomes (Crotty, 2003). It is also an
account of the rationale it provides for the chaéenethods and the particular forms
in which the methods are employed (Crotty, 2003)

Interpretive research is aimed at understanding rtteaning people have
constructed; that is, how they make sense of thertd and the experience they have
in the world. Under the interpretive paradigm, g@asive research is naturalistic in that
the researchers do not attempt to manipulate dralaine research setting because, in
this view, the research setting is subject to ckafgncoln and Guba, 1985; Marshall
and Rossman, 2006). The qualitative methodologmabhdigm draws on multiple
methods, and interpretive researchers use thenssatva primary research instrument
in both data collection and analysis, which theeagsher needs to get close to data
sources to interact with, respectively, the pgstaits and understand participants and
contexts to study (Merriam, 1998; Patton, 2002;9atl and Rossman, 2006).

Qualitative research is fundamentally interpretiidarshall and Rossman,
2006). Interpretive research primarily employs amuctive research strategy to
understand a holistic view with rich and thick dgstoon (Lincoln and Guba, 1985).

When the interpretive researchers collect data ¢lagtyer multiple aspects of the setting
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under study to gain a comprehensive and complettirgi of a particular context.
Typically, qualitative research findings are in therm of themes, categories,
typologies, concepts, and tentative hypothesesctwhave been inductively derived
from the data to identify the multiple realitiesden the study setting to be found in
those data collected (Lincoln and Guba, 1985).

The study reported in this thesis is aimed at ifigng how chemistry teachers
perform their teaching practices before participrain the collaborative action research
group, and whether or not they change their tegcpmctices as an influence of their
participation in a collaborative action researcbugr. | view the educational setting, for
example, peoples’ interaction, classrooms, and adshas a complex world. The
chemistry teachers in this study are persons whetoact their own understanding and
interpret the meaning of their social world to apartheir teaching practice to that of
the constructivist approach. An interpretive metilody is employed as a framework
for this study because | believe this methodology provide me with an appropriate
plan to conduct the research aiming to answer¢learcher’s questions. A variety of
data collection research methods under an intévpretnethodology, such as
observations, interviews, and reviewing of docursgrtin provide the complex and
holistic view of what teachers know, how they piast and the reasons for their
practice. In the next section, the research methosisd under the interpretive
methodology, such as case study, observationgyiewes, and review of documents,

are discussed.

Research Design under Interpretive Research

Case Study

Definitions of Case Study

The qualitative case study can be defined in teomthe process of actually

carrying out the investigation, the unit of anaty@he bounded system, the case) or the
end product (Merriam, 1998). The case study ainisvaistigating complex social units



44

consisting of multiple variables of potential imgarce in gaining an in-depth
understanding of a particular situation or boundgdtem such as an individual,
program, event, group, intervention, or communifiefriam, 1998). This specificity of
focus makes it an especially good design for tiseachers who need to understand a
unique situation, and face practical problems, asituns, or puzzling occurrences

arising from everyday practice (Merriam, 1998).

Another key feature of a case study is an intensiad holistic description
(Merriam, 1998). Descriptive means that the enddpcod of a case study is a rich,
“thick” description, which means the complete, riledescription of the incident or
entity being, investigated (Merriam, 1998).

As mentioned above, a case study is generallysigd single case, and one
cannot generalize from that case to other caseshwisually have different features.
To deal with this concern, multiple case studiesl amoss-case analysis are used.
Multiple case studies involve collecting and anelgz data from several cases.
Merriam (1998) argues that multiple case studigsgige greater variation across the

cases, and enhance the external validity or gemabdity of the researcher’s findings.

In this study, the method of study used is a cagdy. This study fulfilled the
characteristics of case study design as discudsaekalt was particularistic in that it
was concerned with how chemistry teachers chanbed practice in a particular
setting, using collaborative action research asthad of inquiry. It was naturalistic in
that it took place in naturalistic contexts and teachers were not manipulated. The
chemistry teachers were the cases of the studys $tudy attempted to describe
contexts and settings of the teachers’ changesaictipe. Multiple sources were then
used to provide a holistic and in-depth collectmindata. From the data gathered,
inductive analysis as the model for data analysas wsed to develop categories and
themes of teachers’ changes in their practices assalt of participation in the
collaborative action research group. The detailsamh data collection method and data

analysis are discussed in the next section ofctiepter.
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Selection of Case

In conducting case study research, the selecfi@ncase is important because a
case study focuses on a few instances of partiphlenomena with a view to providing
an in-depth understanding and a holistic view oérds, relationships, programs or
processes taking place in particular instancespd®ive sampling is recommended in
choosing what case to study, so as to gain ricbrimtion (Stake, 1995; Merriam,
1998).

In this study, the teachers who the researchernuomcated with were
interested and willing participants in this reséastudy, and were selected by using
purposive sampling. The teachers were chemistrghtga and were interested in
teaching based on the constructivist approach amddvhave to make time outside
school hour for this study. They were also seleeigdhaving easy access to Kasetsart
University. This made traveling safe, comfortalaled convenient for them. After each
teacher responded positively to the opportunitypasticipate in this study, | visited
each school personally and met first with the headl then the invited teachers to once
again orally explain the purpose and expectatiohghe research. The research

procedure is discussed later in the research desigfion.

Strategies for Collecting Data

Observations

Observation is regarded as a fundamental andyhigiportant method in all
gualitative inquiry (Marshall and Rossman, 2006)attéh (2002) argues that
observational data is purposely describe the phlysetting, the activities that take
place in that setting, the people who participateghose activities, and the meaning of
what is observed from the perspectives of thoserokdg. Observational technique is
different from an interview because it offers atlrand account of the situation under

study, such as an activity, event, or situationisltthe technique of choice when
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participants are not able or willing to discuss tbpic under study (Merriam, 1998;
Patton, 2002).

Before collecting information, researchers neelnow the extent to which the
observer will be a participant in the setting bestgdied (Glesne, 1999; Patton, 2002).
There are several stances an investigator can assuman conducting observations,
from being a member of the group and a completécgaant — an insider- to being a
complete observer, unknown to those being obsenkath stance has its advantages

and drawbacks.

Observation does have an advantage in provideigdata of what happens in
natural settings and people, but it also has limoms due to the possibility that the
observer may affect the situation being observadhimown ways, and this interaction
may lead to a distortion of the situation as itsexiunder non-research conditions
(Merriam, 1998). To deal with these concerns, B&893) suggests that researchers
should be aware of their roles, and observe anordedata in a way that aligns with
research purposes as much as possible. Observatieraso limited in focusing only
on external behaviors, for the observer cannotdes is happening in people’s minds.
Moreover, observational data are often constralmethe limited sample of activities
actually observed. Researchers need other dataesoto find out the extent to which

observed activities are typical or atypical (Pat@2002).

Interviews

The interview is a method of data collection ainsdunderstanding what is
happening in people’s minds. The main purpose ahterview is to obtain a special
kind of information that the researcher wants twdfout; that is, what is in and on
someone else’ mind (Patton, 2002). The intervievisngecessary when interviewers or
researchers cannot observe behavior, feelingspwrdeople interpret the world around
them (Merriam, 1998). When using the interview, timerviewer can motivate

interviewees to discuss their interpretations efworld in which they live and express
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how they regard situations from their points ofwi€Cohen, Manion, and Morrison,
2000).

Interviewing varies in terms of a prior structuamd in the latitude the
interviewee has in responding to questions (Malshatl Rossman, 2006). Patton
(2002) categorizes qualitative interviews into #rgeneral types: the informal
conversational interview, the general interviewdguapproach, and the standardized
open-ended interview (Patton, 2002). The informahversational interview relies
entirely on the spontaneous generation of questionghe natural flow of an
interaction. The informal conversational intervieffers maximum flexibility to pursue
information in whatever direction appears to berappate and which flows from the
immediate context. The general interview guide Imgs outlining a set of issues that
are to be explored with each respondent beforevieiging begins. The standardized
open-ended interview consists of a set of questhansfully worded and arranged with
the intention of taking each respondent through dame sequence and asking each
respondent the same questions with essentiallgahe words.

The decisions about what kind of interview teclueis] a researcher should
select depend on the research purposes. Reseang®elto be aware of the strengths
and weaknesses of each technique. Interviewing linaigations and weaknesses.
Interviews involve personal interaction; coopenatitss essential (Marshall and
Rossman, 2006). The emotional state of the intervibias on the part of the
interviewer, and the expertise of the intervieweayngreatly affect the interview data
(Bell, 1993; Coheret al., 2000; Marshall and Rossman, 2006).

Review of Documents

Document review is another method of data gathenthich can overcome the
weaknesses and limitation of interviews and obgema. Documents are a ready-made
source of data easily accessible to the imaginatime resourceful investigator
(Merriam, 1998). The term document is used as tnérella term to cover a wide

range of written, visual, and physical materialatetl to the research (Bogdan and
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Biklen, 1992; Bell, 1993; Merriam, 1998). The majypes of documents can be

described in three major categories, which inclpdelic records such as the statistical
data base of the Center for Educational Statispessonal document such as diaries,
letters, scrapbooks and photo albums, and physiakrial such as utensils and
instruments of everyday activity. The documentsaigualitative study of classroom

instruction would be in the form of instructors’sé®n plans, student assignments,
official grade reports and school records, and sgMerriam, 1998). The documents

are reliable and stable sources of information amdvide the researchers with

information about many things that cannot be oletror have taken place before the
research began (Merriam, 1998; Patton, 2002). Tdwident data is available at all

times which allow researchers to pick up documerth drom the past or present at the
time of study. Many documents or artifacts cogtelior nothing and are often easy to
obtain. Finally, they are a product of the contektthe problem being investigated

(Merriam, 1998).

However, researchers should carefully choose tHeocument data because
there are a variety of document data which argpneduced for research purposes, and
the information they offer may not be in a formttig useful (Merriam, 1998). The
researchers should be aware of which document iosniaformation or insights
relevant to the research questions (Lincoln andaGu®985; Merriam, 1998; Patton,
2002). Because the data contained in documentsildegersons’ actions, experiences,
beliefs, attitudes, and views of the world, they subjective data. Document data also
can be challenged on the basis of their autheyptamtd accuracy. Researchers should
determine as much as possible about the docunterdrigins, and reasons for being

written, its author, and the context in which itsnaritten (Bell, 1993; Merriam, 1998).

Data Analysis

Because raw data have no inherent meaning, datigsen@ a process of
bringing meaning to raw, inexpressive data forrgeder or other researchers (Marshall
and Rossman, 2006). The qualitative analysis hasaking sense of massive amounts
of data which are transformed into findings (Patt2®02). This involves reducing the
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volume of raw information, sifting trivia from sigitance, identifying significant
patterns or themes, and constructing a frameworkcéonmunicating the essence of
findings, a transformation for which no set formebasts (Patton, 2002; Marshall and
Rossman, 2006;). In this qualitative researchptioeess of data collection and analysis
is a simultaneous process of research which igseeuand dynamic (Merriam, 1998).
For example, the researcher begins analysis with fibst interview, the first
observation, the first document read. Emerginggimsi and tentative hypotheses direct
the next phase of data collection so as to achsawerated information and a better
understanding of that data, which in turn leadsh® refinement or reformulation of
guestions. The process continues until the refaatrart covers all cases studied
(Robinson, 1951 cited in Merriam, 1998).

Qualitative research is particularly oriented tadvaxploration, discovery, and
inductive logic. The methods of data analysis aeeegally based on an inductive
process. Inductive analysis typically begins withlding general patterns, categories,
dimensions, and or theories as the researcher cmmaxglerstand patterns that exist in
the phenomenon being investigated (Merriam, 1998{oR, 2002). The strategy of
inductive designs is seeking the multiple intetielagships among dimensions that
emerge from patterns found in the cases under stitlyout presupposing in advance
what the important dimensions will be. Inductivealysis is also used to test tentative
explanations in ongoing data collection, in orderbuild on a solid foundation of

specific, concrete, and detailed observations,ajiosts, documents, and cases.

In case study research, an inductive approach sdyjirconstructing individual
cases by bringing all the information about theecasgether and categorizing those
cases (Merriam, 1998; Patton, 2002). A case stsidniintensive, holistic description
and analysis of a single, bounded unit aimed av&ging an understanding of the case
(Merriam, 1998). Multiple or comparative case stisdnvolve collecting and analyzing
data from several cases. In a multiple case stilndye are two stages of analysis: the
within-case analysis and the cross-case analysrsthé within-case analysis, a single
case is first treated and data are gathered so ttteatresearcher can gain as
comprehensive a view of the contextual variablegassible that might have a bearing
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on the case. Once the analysis of each case sbiéidj cross-case analysis can begin. A
gualitative, inductive, multi-case study seeks tddopatterns and themes or a general
explanation of processes and outcomes that ocawssacases that fit each of the
individual cases, even though the cases will varyheir details (Yin, 1994; Patton,
2002). The researchers then attempt to develop maphisticated descriptions and

more powerful explanations covering all cases (Mdad Huberman, 1994).

Strategies for Ensuring Trustworthiness of Data Cdection and Analysis

In producing valid and reliable knowledge, trusttharess of data collection
and analysis are paramount. When a researcher wardgsntribute results that are
believable and trustworthy, he/she employs foufedsnt criteria in assessing the
trustworthiness of qualitative research: credpilitransferability, dependability, and
confirmability (Lincoln and Guba, 1985).

Credibility is a new term, replacing the term imigr validity, to demonstrate
the degree of confidence that the findings of ttuelys are true for the subject of the
study, and that there is compatibility between tbsearcher’'s constructions and the
respondents’ reality. Lincoln and Guba (1985) ssygérategies of research inquiry to
ensure credibility. Their strategies are: prolongadagement by having sufficient time
in the field to understand daily events in the whaat participants understand them;
testing emerging assertions by evaluating theiuglality of emerging assertions
against the data set; triangulation-checking byngissource triangulation, analyst
triangulation, theory triangulation; adequate refee materials-necessary to richly
reconstruct the setting for the reader; peer débgey stepping outside the research
setting to consult with other knowledgeable prafasals in order to analyze materials
and test working hypotheses; member checks-vegfyaath data and interpretations

with study participants.

Transferability refers to the degree to which alg®ifindings can be applied in
other contexts or with other participants. Trarebdity is like external validity within
a positivist paradigm in which the findings of teeidy can be generalized to other
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situations (Lincoln and Guba, 1985). However, @rent transferability is more suitable
within qualitative research to deal with its finds) which depend on the degree of
similarity between the context of the research ytadd the context of audiences
(Lincoln and Guba, 1985). Researchers generally aisgch, thick description to

enhance transferability, which provides enougscdption so that other researchers
are able to determine closely whether or not tlstimations match the research
situation, and an audience can make a decisioa afether research findings can be
transferred (Lincoln and Guba, 1985; Merriam, 1998t and Chapman, 2000). Multi-

case study is another technique used to enhant&drability within single case study

research (Merriam, 1998).

Dependability refers to the stability of the findsif the study is repeated,
coupled with the ability to explain any variatiolincoln and Guba, 1985). To
enhance dependability, the researcher should exfiiaiassumption and theory behind
the study, by triangulating data, leaving an atrdii, and describing in detail how the
study was conducted and how the findings were ddrithroughout the inquiry
(Merriam, 1998). These processes and products taf @dlection and analysis should
be examined and reviewed by auditors to give teearechers feedback on the accuracy

of their points of view (Lincoln and Guba, 1985).

Finally, confirmability refers to which findings dhe study is the result of the
study and not of the biases of the researcher ¢binand Guba, 1985). To increase
confirmabiltiy, the researcher can employ an atrdit (Lincoln and Guba, 1985; Coll
and Chapman, 2000). The audit process involvesngrnial audit regarding the
researcher’s explanation of the methods of datéeea@n and analysis and theory
behind the research study, and an external audithwddlows an external person to

assess both process and product of the researgh(Merriam, 1998).

Research Design of the Study

The design of the research reported here is dividéaol two main phases
according to the research objectives. The firstsphdescribes data collection and
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analysis to explore how the chemistry teachersopesd their teaching practices
before participation in the collaborative actiorsearch group. The second phase
describes data collection and analysis during thachers’ participation in the
collaborative action research procedure, and atietopunderstand how the chemistry
teachers changed their teaching practices basedrmtructivist principles. In order to
study the teaching of in-service chemistry teachergltiple data sources have been
used during the research process. These werervalisa, semi-structured interview,
and document reviews. To investigate the usualhtegcpractices and their teaching
changes, interpretive multiple case studies werpl@ed as a research design. The

timeline of data collection is shown in Table 1.



Table 1 Data Collection and Timeline
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Phases of Study and Participants

Methods of Data Timeline/Number of data

Research Questions collection collection

First Phase August — September 2008
(Academic year 2008)

RQI: How do Three Classroom Two lessons monthly per teacher

chemistry teachers chemistry observation (2 — 4 periods a lesson)

perform their teaching teachers from

practices before three schools  Interviewing After teaching each lesson (30

participation in the minutes)

collaborative action Lesson plan Two lesson plans monthly from

research project?

each teacher

Second Phase

RQ II: What is the Three
influence of a chemistry
Collaborative Action  teachers from
Research project on the three schools
chemistry teachers’

teaching practices

based on a

constructivist

approach?

Group meeting
Classroom
observation

Interviewing

Lesson plan

November 2008 — March 2009
(Academic year 2008)

First Cycle

(Nov 8" — Dec ¥, 2008)

One meeting

Two times for two lessons each
teacher

(2 — 6 periods a lesson)

Before and after teaching each
lesson (30 minutes each time)

Two lesson plans each teacher

Second Cycle

(Dec 6" - Jan &, 2008)
Similar to first cycle

Third Cycle
(Jan 16' — Mar 13", 2008)

Similar to second cycle
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Context of the Study

This section provides background information, idohg a characterization of
the chemistry teachers who volunteered to partieipathis study, and a description of
the processes involved in the collaborative aatesearch project.

Participants

The patrticipants of this study were three in-ssvwchemistry teachers, Miss.

Dara, Mrs. Aree, and Mrs. Benja (pseudonyms), tegcat different secondary public

schools under the Bangkok Educational Service Abéfice 2.

Table 2 Participants’ General Information

Topics

Dara

Aree

Benja

Academic
Quialifications

Bachelor Degree in
Education (B.Ed)
Major: Chemistry
-Master of Arts
(Environment)

-Bachelor Degree in
Education (B.Ed)
Field: Secondary
Education

Major: Chemistry
-Master of Science
Program: Science
Education (Chemistry)

-Bachelor Degree in
Education (B.Ed)
Field: Secondary
Education

Major: Chemistry
-Master of Arts in
Teaching

Professional
Development

-Training in teacher
college (focusing on the
teaching of chemistry)
-Attended workshop on
the development lesson
planning based on
Backward Design

Attended workshops on Attended workshops

-chemistry content
-developing
instructional materials
-designing lesson plan

on
- chemistry content
knowledge

- cooperative
learning; STAD,
Jigsaw, Gl and LT
- constructivism

- designing lesson
plan, instructional

materials
Teaching 30 30 31
Experience (years)
Chemistry 21 29 31
Teaching
Experience (years)
Teaching Teaching Science at Teaching Chemistry at Teaching Chemistry

Responsibilities in

Grade 8, and Chemistry atGrade 10
2008 academic year Grade 10

at Grade 10, and 11

Teaching
Workload a week
(periods)

17

19

18
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Table 2 (Continued)

Topics Dara Aree Benja

Academic standing None The expert teacher The exptwacher
The core teacher of
science

Description of Public secondary school Public secondary Public secondary

School (grade 7-12) school (grade 7-12) school (grade 7-12)

School-size Large Extra-Large Extra-Large

Their schools were three different co-educatiogalvernment secondary
schools under the Bangkok Educational Service Atdce 2. The schools included
third level-lower secondary education grades 7e@vélr secondary level) and fourth
level-upper secondary education grades 10-12 (eggomondary level). At the upper
secondary level, students were divided into scieac®l non-science streams.
Chemistry was divided into two main courses: fundatal chemistry, as part of
general science, and taught to both science stsiceamd non-science students; and
advanced chemistry, taught only to science studénisdamental chemistry was one
period a week. Advanced chemistry was taught thereods a week. One period was
fifty minutes. Their educational background anccteag context are described here in

each case of study.

Case of Dara

Dara had taught in Serm Wittaya Schools, wherephesent work place was,
for 21 years. She taught general science and ctrgmiis the 1977 academic year, she
began her teaching career as a science teachdéover secondary students at one
secondary school in her hometown in the north-past of Thailand, and continued
there from 1977 until 1988 when she went on to bexa Chemistry Teacher at Serm
Wittaya School. The school focuses on developingndividualized learning where
students’ progress through a curriculum of concepts skills at their own pace. The
school’'s official goals are to develop students a&machers to meet the following
characteristics: student is educated at his/her page; the student is to develop a

higher self-esteem and a sense of self-worth basethe philosophy of economic
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sufficiency; and the teacher is to be knowledgeabl@ understandable in teaching, in
accordance with the National Education Act 1999.

Based on the school year book report in 2008 stwol had 123 teachers, of
whom 19.51% (24 teachers) were males and 80.49%td86hers) were females.
Nineteen teachers comprised the science departriviodt teachers (63.5% or 97
teachers) had a Bachelor degree. The school hd@d 2tidents: 1,067 males and 1,104
females. There were 60 classrooms divided into foserondary level and upper
secondary level. In lower secondary level, the nends classroom at grades seven to
nine are 12, 14, and 14 classrooms respectivelyupper secondary level the number

of classroom at grades ten to twelve are 6, 7,7atidssrooms respectively.

Serm Wittaya School is located in a residentiabacontaining a slum, official
institutions, stores, and a temple. The majoritgtodents’ parents were Buddhist. The
remainder had Christian and Muslim parents. Ashirteducation, most students’
parents graduated with lower Bachelor's Degreesputib9.55%. As to their
occupations, 52.25 % of students’ parents are eyapk The others are government
officers (20.90%), state enterprise officers (9.73%endors (14.41%) and others
(2.71%). The majority of parents are in the middled low socio-economic status
range. The average income of each family is ab6@(0® Bath a year. The average

number of members is about 3-4 person per family.

One class of grade 10 students learning with Pamdicipated in this study.
There were forty four students, fifteen males amdnty-nine females. The students’
capability in this classroom was in the middle grobetween the highest and lowest
group of other Science and Mathematics Programsmams. When learning
chemistry, in the first semester of the 2008 acadsmar, they were in one of several
laboratory rooms specified for chemistry experimserithe teacher’ desk which was
about 2.5 meters long was placed in front of theodatory room. On top of the
teacher’s desk, there was a sink. There was onkeoaug placed at the back. At the
other side of the laboratory room, near the windadwsre were four sinks. There were
six tables and about fifty five chairs in the clagsn. During study, the students were

divided into six groups and sat around tables as/shn Figure 1
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Figure 1 Layout of Dara’s Classroom

However, due to insufficient laboratory room fdir groups of students, in the
second semester these participants had to studsgirar classrooms not appropriate
for conducting experiments. In this classroom theeee six different-sized tables and
about fifty five chairs in the classroom. Duringidy, the students sat around tables

with a different number in each group dependingiae of the table.

Case of Aree

Aree was an experienced teacher. She typicallghtageneral science and
chemistry. In the academic year 2008, she taughpekthds a week, worked in the
school policy and planning division, and was a raefr one classroom of Grade 11
students. Her school, Siriwittaya School, focuses developing an individualized
learning where students progress through a cumcudf concepts and skills at their
own pace. Based on the school’s official polictbg, school aims to: develop students
with a balance between physical and mental qualigguip students with good morals
and a sense of responsibility to society and eragmithem to successfully apply the

philosophy of economic sufficiency to real life,dato support teachers so as to enable



58

them to organize the learning process around #umde as the most important person

who can learn best at his/her own pace.

In the academic year 2008, the school had 164hésscconsisting of 139
females and 25 males. Most teachers (75.61% ottedtthers) had a Bachelor degree.
The school had 4,453 students; 2,034 males and92fdmales. There were 92
classrooms divided into lower secondary level appen secondary level. In the lower
secondary level, the number of classrooms for gradeen to nine were 16, 16, and 15
classrooms respectively. In the upper secondam®l ke numbers of classrooms for

grades ten to twelve were fifteen classrooms fohemade level.

Siriwittaya School was located in a residentiakaarcontaining official
institutions, stores, and a temple. The majoritystidents’ parents were Buddhist. The
remainders had Christian and Muslim parents. Aghtar education, approximately
70.00% of students’ parents graduated with Bactseldegrees, approximately 70.00%.
As to their occupations, about 46.08% of studep&sents were government officers.
The others were employees (41.24%), vendors (11).529d farmers (1.15%). The

majority of parents were of good socio-economitustaange.

Within this study, forty-five students in one dasom of Grade 10 students,
thirteen males and thirty two females, who studiedmistry with Aree participated in
this research study. The average student's G.PiAisnclassroom was in the average
of other Science and Mathematic Program classrodrhgs group of students in
general did pay attention to their study. As to ¢fessroom context, the room used in
both the first semester and the second semesteome®f several laboratory rooms.
The teacher's desk which was about 3.0 meters lwag placed in front of the
laboratory room. On top of the teacher’s desk anléft hand side, there was a sink.
There were two cupboards placed at the back, aoith@none placed at one side of the
laboratory room, near the wall. At the other sidetlee laboratory room, near the
windows, there were four sinks. There were sixdaldnd about fifty chairs in the
classroom. During the study, the students wereddviinto six groups and sat around
tables as shown in Figure 2
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Figure 2 Layout of Aree’s Classroom

Case of Benja

Benja had 33 years’ teaching experience and 32syeaemistry teaching
experience. In the academic year 2008, she tag)ipefiods a week, mainly in basic
chemistry, and additional chemistry for tenth gratledents for 4 periods a week and
eleventh grade students for 12 periods a week. @b@ worked as the science

department deputy chief and was a mentor for Giddgtudents.

According the school annual report of 2008, héwost, Prachabumrung School,
focused on developing an individualized learningpfeed the basic education standard
where students themselves were able to successipiily a philosophy of economic
sufficiency to real life. Based on the school anmaport, the school had 166 teachers,
consisting of 126 females and 40 males. Most tead7®.51% or 125 teachers) had a
Bachelor degree. The school had 3,319 student84 Iyhles and 1,855 females. There
were 76 classrooms divided into lower secondargllend upper secondary level. In

the lower secondary level, the number of classroanggades seven to nine are 16, 15,
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and 15 classrooms respectively. In the upper sesgnievel the numbers of

classrooms at grade ten to twelve are 10, 10, art@s8rooms respectively.

Prachabumrung School is located in a residentiah acontaining official
institutions, stores, and a temple. The majoritgtoidents’ parents were Buddhist. The
remainders had Christian and Muslim parents. Ath&ir occupations, most students’
parents were vendors and employees. The majoripacénts were in the middle and

low socio-economic status range.

Forty-nine students in Grade 11, twenty males &vehty-nine females, had
studied chemistry with Benja and participated ims thesearch study. The average
student’s G.P.A and their capability in this clagsn were in the second group of three
Science and Mathematic Program classrooms. Evergththey were not as expert as
the first group, they could organize their learnprgcess well, and paid attention to

their studies.

In the first semester of the 2008 academic yéesd groups of students were
taught in one of the classroom laboratory roomse Hacher’ desk, which was about
2.5 meters long, was placed in front of the labmsatoom. On top of the teacher’s
desk, there was a sink. There was one cupboar@glatcone side of the laboratory
room, near the window. At the other side of theotalory room, near the windows,
there were four sinks. There was one computer aedbook shelf at the back of the
room. There were six tables and about fifty chairthe classroom. During study, the

students were divided into six groups and sat atdables as shown in Figure 3
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Figure 3 Layout of Benja’s Classroom

However, in the second semester this class hadote and learn in another
room into the new building, the new room being bnét for conducting experiments.
Yet its construction was not completely finishethefe were neither sinks for running
water nor cupboard for any chemicals or instrumemtse room just provided nine

tables and sufficient chairs for the students targiund them.

Collaborative Action Research Program

In educational reality, action research is usednemans for professional
development, and or problem solving in a varietywafrk situations (Kemmis and
Wilkinson, 1998). Aiming to enrich the teachersadhing based on the constructivist
approach, the collaborative action research proj€@AR] was developed, which
fulfilled the characteristics of the collaboratiaetion research approach as discussed in
the previous chapter, including such factors ascdalgaboration, b) partnerships, c)
focusing on common problem, d) sharing power andesghip, e) focusing on practice
in recurring cycles of planning, acting, observirgflecting, and revising or modifying

the plan, and f) teachers’ professional growth. Th#owing section provides
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descriptions of the purpose, the CAR group membtrs, roles of CAR group

members, and the procedure of CAR.

Purpose of the CAR

The purpose in using collaborative action reseancthis study is to enhance
teacher’s practice based on the constructivistaggbr. The three teachers could define
their own problems and issues freely, without bemanipulated, and then investigated
their own practices by using their data sourcesxfgain particular phenomena, posed
new questions, and improved subsequent actionsdb@sevhat they had learned in
their own practices, and shared their experienocdiaboratively via recurring cycles
and meetings of CAR group members who were ainorigdrn and then changed their

practices in accordance with the constructivigirapch.

CAR Group Members

In this study, there were five members who had ¢bexmon purpose of
promoting the chemistry teachers’ understanding prattice in teaching based on
constructivist approach, and who participated im GAR group. There were three
chemistry teachers who taught at upper-secondarmgl, leone researcher, and one

science educator.

Role of CAR Members

Role of Researcher

Before entering the research process, | needé@ twonsciously aware
of how to interpret my role. As regards the resears activity in the research process,
there were two perspectives from which to see thgearcher's role. The first
perspective was that of the researcher and thendewas that of the facilitator. From
the literature on action research, it was cleat thase who researched and facilitated

the process of action research had engaged thezsstlwffer advice and support on
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research techniques as well as theoretical pergpsdKemmis, 1990). As facilitators,
they had greater opportunity to narrow the theony practice gap and help teachers or
participants to understand where they wanted to(Kmsmidou and Usher, 1991).
However, | as facilitator had to constantly deldder about my practice and its
relationship to the nature of the activity | wagrg to facilitate. |1 had to be careful not
to intervene too strongly, for fear that the teasles researchers would lose intellectual

control of their own research work (Kemmis, 1990).

My role as a researcher meant that when | myistfussed the research
study with members of the teachers group and tlense educator who was called
facilitator 2 in this study, | had to be aware o¥ rbehavior and its impact. By
developing a level of self-consciousness, | to@psttoward honoring the privacy of
the participants and the responsibility of concgtihe research. As a researcher, |
came to learn from and with the teachers in th&botative action research group by
listening from them how they addressed issueseir twn classrooms. As the result of
conducting research, | could learn from the teaxhed reflected on several aspects of

the research findings as a part of learning.

Another role | played as facilitator was to fostollaboration and
support for the participants in identifying and §uwing their goals and meeting their
expectations. The facilitator role that | chosepiay in this collaborative action
research study was that of a participating fatdit@bserver. Following Glesne’s
continuum, | identified my role in this study astlof a full participant (Glesne, 1999).
As an observer and participant, | participatedhe gjroup meetings, interviewed the

teachers, and observed the teachers in their cagsrdoms.

Role of the Teachers

The teachers’ roles were as important as thearelser's role in the
research. In this study, as members of the CARmtbe teachers participated in group
meetings, discussed with me, worked on their legdams, and performed and reflected
on their practices. The teachers had the freedonmriovate, make a decision, and
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perform according to their needs, experience, wstdeding, and the situation in which

they conducted their teaching.

Role of the Science Educator

As a CAR group member, the science educator becamother
facilitator who was called facilitator 2. As fatdior, she helped the teachers to apply
the theory of constructivist approach into a prtsuitable to each teacher’'s school
context. The facilitator 2 played the supportieéerin helping the teachers recognizes
different ways to initiate and implement changehiittheir own context. She listened
to the teachers’ stories, shared the same inte@stisshared some content knowledge
and pedagogical content knowledge. However, badgitadilitator 2 interacted face-to-

face with CAR members only in the group meetings.

Data Collection and Analysis in First Phase

Data Collection

In order to study the performance of in-servicenaiséry teachers, multiple data
sources were used during the research processe Mm&®: classroom observations,

semi-structured interviews, and review of documents

Classroom Observations

Participant observation was a major data gatgeeohnique during the
first phase of my study in the three schools durgust to September 2008, in the
first semester in the academic year 2008. It wasl uis this phase to investigate how
the teachers performed their teaching, how theidesits responded, and how the
teachers’ interacted with students in their classraetting. Each teacher was observed
a total of four times in the four lessons. By tteshnique, | had to immerse myself in
the classrooms. Therefore in order to build uppgpoat with students and become part
of the classroom context, before collecting theadat the teachers’ practice | visited
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the classrooms in July 2008. This was to gain &ecland friendly familiarity with

teachers and students and their practices.

The purposes of observations were similar evieryles time in terms of
investigating teacher teaching. However the fodusbgervations any time was slightly
varied based on the activities in each classrooch si8 experimental activities, group
work, or learning assessment. | observed thoseitaesi and events in each class that

were significant to teaching based on the constistipproach and its components.

During classroom observation, field notes weketaimmediately, and
videotaping was also used to collect the data. &heere two purposes for using
videotaping. The first purpose was so that thehewsc could review their teaching
afterwards by watching the videotape. Another psepwas that | could obtain data

from it that field notes could not capture, suclladogues and classroom discussion.

Semi-structured Interviews

Semi-structured interviews were employed to wieav teachers after
they had completed teaching each topic. Semi-stredtinterviews were aimed at
gaining insight into how teachers taught, and fedusn: teaching methods employed,
reasons for employing those teaching methods, sitgrce of student’s learning as a
result of the teaching methods employed. The teachere also asked to reflect on the
lesson they had just taught in terms of the strenghd weaknesses of their teaching.
During interviews, the researcher took notes ashmag possible, and tape recording

was used to help the research collect comprehedsaize

Review of Documents

To investigate the teachers’ teaching, lessomspldor teaching
chemistry generated by the teachers were collemteldexamined. The teachers were
asked to choose chemistry concepts and to plaorss®r teaching those concepts.
Beyond lesson plans, the teachers were asked fiksiveets and learning assessment
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tools as documents for review. The chemistry tesiiscand teacher manuals also were

collected to review.

Data Analysis

The research focus of the first phase for thisysigdhow chemistry teachers
perform their teaching practice. Through the datalysis methods, | attempted to
discern patterns in their practices. The approactartalysis involved an inductive
process to search for correspondences and patteom, which one could then
establish themes. The data analysis methods phntegan with within-case analysis
to investigate each teacher’s practice, followedchyss-case analysis. The data was

transcribed and/or analyzed as described below.

Observational data from videotaped observationsewganscribed. The
transcripts of observational data were triangulatéd field notes to discern teachers’
perspectives and their practices. Interview datenfrall audiotaped interviews were
transcribed verbatim and written up, using a pattmilar to field note observations.
Other documents such as a teacher’s lesson pkargjng assessment tools, chemistry

textbooks and teacher manuals were brought together

This part aimed at examining the practices in tedshteaching. The several
sources of data were compared. | identified spe@fients and activities that were
either representative of the teacher’s practicenm with traditional teaching or more
characteristic of constructivist teaching. The gsial of these data focused on the
identification of regularities or patterns in th&atements made by the participants,
without the use of an a priori established systdncabegories or themes. Instead, |
developed themes on the basis of the data. The fdata different sources were
compared with each other, as well as with main fgaielated to the teachers’ practices.

The final phase of analysis involved cross-caséyaisa The cross-case analysis
was used to make comparisons across the three. ddsss teaching practices which
were similar to traditional teaching and constnisti teaching were interpreted in



67

terms of general patterns and regularities. Simtiggrand differences were interpreted

in the light of information about individual contexand personal background.

In the second phase, the CAR group meetings werelajged by considering
information from the preliminary data of the fighase study, a literature review of
teaching and learning based on the constructivigiraach, action research as
professional development strategies, science educat the Thai context, and the

existing science standard in teaching chemistry.
Data Collection and Analysis in Second Phase
Data Collection

In order to study how the teachers changed and ieapptheir new
understandings about constructivist principleshiirt classroom during participation in
this study, the second phase of the research stadybegun. There were three cycles
of collaborative action research. The first cyotmkt place from November™8to
December 8, 2008. The second cycle, Decemb®r 008 to January™ 2009 and the
third cycle, January 1dto March 1%, 2009. The activities in each cycle consisted of
one group meeting held at Kasetsart University civluccupied approximately 3 hours.
After the group meeting | had one-to-one individiehcher meetings to help the
teachers design lesson plans which could be impieedewithin their own classroom
settings. Furthermore, to understand how each ¢egorformed and changed their
practices | did classroom observations, interviearsd analysis of teachers’ lesson
plans as well as other related documents, 1-2 hssaaycle based on what they were

teaching.
The Meetings of the CAR Group

Group Meeting 1

In November 8, 2008, the teachers were invited to the first grou

meeting at Kasetsart University to revisit the msg and nature of the research study.
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At the beginning of the meeting, | introduced m{seld all CAR group members to
each other. This was followed by introducing anlinatof the CAR group activities in
this first meeting. Then an overview of the CARis study, as well as the rationales
for enhancing teacher teaching practice through CARs presented. For the first
activity, the teachers were asked to reflect oir itharent teaching practices. After the
discussion, | summarized the teaching methods ehthe teachers had used in their
teaching. Before introducing the teachers to thd getivity, | had them discuss their
own understanding of any aspect of constructivistgples. Facilitator 2 and | posed
some questions for guiding the teachers to an sgtateting of some aspects of the
essential principles of the constructivist approaaicluding the students’ prior
knowledge, teaching and learning activities undher principles of the constructivist
approach, and the teacher’s role. However, it [gartant to note here that at this stage
the teachers did not yet know exactly what the régdeprinciples of the constructivist
approach of this study were. Therefore, the ainthig activity was to prepare the
teachers for the next activity, in which they wexgked to share their thoughts in
generating the essential principles of the constrgt teaching approach.

In the second activity, after the teachers hadwdised the constructivist
teaching approach based on their limited undersigndf only some of its essential
principles, | then introduced to them the constusth framework for teaching as
derived from various documents. After the discussiour group finally reached
agreement on four aspects of the constructivisthieg approach, which included: 1)
the importance of student’s prior knowledge, 2) tbeching and learning activities, 3)

social interaction, and 4) the learning assessment.

In the third activity, to promote the teachershdarstanding of
constructivist principles, the teachers were adkednalyze on their own teachings’
practice as to whether or not it was consistenih wanstructivist principles. As a way
to promote teacher learning together, the group@ée the activity from reflection on
their own teaching to critiquing only one case lwdttpractice. Under this agreement,
Benja volunteered to present her teaching pradigehaving other CAR group
members watch her practice through video presentatin sharing and discussing

among group members, | posed some questions topprtme teachers in thinking
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about what main features of constructivist prinegpvere evident in Benja’s practice.
However, it should be noted here that this wasfitisetime for some teacher to learn

about the constructivist approach. Some teachérkegpt quiet and listened to other

members. Therefore, aiming to help the teachersde a concrete example of
constructivist teaching in a classroom setting,réspnted one lesson plan on the
concept of ionic bonding. This lesson plan was tgex by me on the suggestion of
facilitator 2.

Before the end of the first meeting, | discusdedrole of the researcher
and the teachers, as well as the teachers’ redpliysin the collaborative action
research group to make a tentative schedule fer catection, to identify avenues for
classroom observations, and to arrange for onexoHadividual teacher meetings with
me, and group meetings. To track the change artdrfosflection on the practice of
each teacher in each cycle, | scheduled meetingpsalliteachers at appropriate times,

at least one a month.
Group Meeting 2

The second group meeting was held on Decenthe2@8. The aim of
this meeting was to provide the teachers with grodpnity to reflect on their teaching
practices and students’ learning as a result efgnating constructivist principles into
their teaching practices. Another aim of this megtivas to provide the teachers with
an opportunity to learn together how to designdasplans and learning activities.
After informing the teachers of the overview of tlsecond group meeting, |
immediately initiated the group activities.

In the first activity, the teachers were askedstare their experiences
after the first cycle of CAR. They reflected on hdlwey integrated the constructivist
principles into their teaching, the students’ ssscm learning, and feedback received
on their new teaching approach. Then the teachegarbto discuss about the problems
they faced in their teaching practices due to tiegration of constructivist principles
into their teaching and learning activities. Aftee group discussion, | summarized the

common problems that all teachers were encountegogsisting of: questioning,
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incorporating cooperative learning into their ctassn, and a lack of time to

implement their lessons. The group discussed hosolie all these problems together.
However, it was noted here that there was no sSpequdttern of a solution because so
much depended on classroom context. What we talkedt focused on enriching the

teacher to increase their understanding of teadbéisgd on constructivist approach.

In the second activity of this group meeting, tteachers learned
together how to design lesson plans with integratedstructivist principles. Aree
asked to be a volunteer to present her lessongaathat other CAR group members
could give her comments or suggest designing legrmictivities which embodied
constructivist principles. In addition she wanted donvince herself that she had a
correct understanding of the constructivist appno#éc this activity, Aree presented her
lesson plan, and other group members gave suggesiio each step of her teaching

and learning activities.

At the end of the second group meeting, | bristiynmarized the group
activities and what we had learned together. | theked teachers to make a tentative

schedule for the next meeting.
Group Meeting 3

The third group meeting was held in Januaf), ZD09. The aims of this
meeting were similar to the second group meetingprovide the teachers with an
opportunity to reflect on their teachings’ practicend their students’ learning as a
result of integrating constructivist principles antheir teaching practices, and to
provide the teachers with an opportunity to leagether how to design lesson plans
based on the constructivist approach. After gitimgteachers an overview of the third

group meeting, | immediately began the group aotisi

Because there were two teachers asked to préseintlesson plans,
therefore the first activity to reflect teachergperience was taken place quickly. Then
Benja began to present her lesson plan. As wedl,ceimmented as to whether or not
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her lesson plan was consistent with the teachisgdan the constructivist approach.
While Benja presented her lesson plan, the othenlmees gave her suggestions. After
Benja, Dara presented her lesson. At the end oféoend group meeting, | briefly

summarized the group’s activity and what we haded together.

In order to examine how the teachers changed thgproach and
applied their new understanding of constructivighgiples in their classrooms, the
following multiple data collection and data soureesre used in the research process:
participation in group meetings, classroom obs@ai semi-structured interviews

and review of documents.

With the teachers’ permission, group discussionsach meeting were
videotaped. The group session’s transcripts of reimrded sessions were used to
explore ways that the teachers thought, constructeaning, and reflected upon their
changes. Because | also was the facilitator dugmogip meetings, | participated and
interacted with the teachers. This participatiofpée me access the information of
participants. During the group meetings | took so&s a way of keeping an active
record of what was discussed. On the other haedjake taking supplied summaries of
the meeting and of the ideas discussed in it. Thasamaries served two purposes: 1)
to record the teachers’ concerns, and 2) to rett@deachers’ accumulated knowledge.
However, the researcher as the facilitator didfimat it convenient to take many field

notes. The field notes in this case were therdfien immediately after the meetings.

Classroom Observations

The classroom observations were conducted duriagntiplementation of the
teachers’ lesson plans. Each teacher was expectdx tobserved twice a month.
During class observation, | acted as a non-paditipbserver making descriptive
notes of the events, activities, and dialoging ttwaik place in the classroom. The
lessons also were recorded using videotape toctalktailed data of teachers’ teaching

practice that | could not capture in my note.
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Semi-Structured Interviews

To further track the practice of each so that wlddook for possibilities in
consultation with the teachers, | worked alongsaadvise and guide the teachers to
design tasks and strategies for their classroosshdduled discussions on a one-to-one
basis with each teacher at appropriate times. Beftasses, | used semi-structured
interviews to investigate each teacher's understgnaf teaching based on the
constructivist approach. The teachers were askedngwer open-ended questions
related to their lesson plans, regarding how tiiggrated the constructivist approach
into their teaching and learning activities: plam@ipreparing, and teaching. In addition
the teachers’ experiences about their previoushiegcwere also queried so as to
explore meanings that these experiences held &n thnd that might impact on their

practices. With the teachers’ permission, convarsatwere audio recorded.

Another semi-structured interview was conductedhtestigate each teacher’s
understanding about teaching based on the constaichpproach, to discover what
they had changed in their practices in line witk ttonstructivist approach, and to
uncover factors that might enhance or hinder ttegiching. The teachers were asked to
attend an interview after they had completed theaching in each lesson. The
interview was audiotaped. The data from the aug®taelped me access in-depth data
from teachers and supported classroom observataa. dThe recordings were
transcribed and shared on a regular basis witletdehers for comments, accuracy, and

validation.

Review of Documents

| collected teachers’ lesson plans for teachingnabtry. The data from lesson
plans, interviews, and observations gathered weaegulated. The teachers’ lesson
plans and related documents such as handouts amgheets provided me with data
related to changes the teachers’ practices hadrgme, and alerted me to factors
enhancing and hindering their development in tesghbased on the constructivist

approach.
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Data Analysis

The research focus of this phase is whether ottheteachers changed their
practice during participation in the collaborata€tion research group. In the analysis
of the data collected, | identified patterns fronultiple sources. The approach to
analysis used here involved an inductive processeach for correspondences and
patterns and finally establishing themes of theaesh findings. Like the methods of
analysis in the first phase, within-case analysas \wade prior to cross-case analysis.
To examine the change in the chemistry teacheesthiag base on constructivist
approach during their participation in the colleddore action research group, the
interviews were transcribed verbatim and triangadatith field notes from observation
and lesson plans. These data were read, codedhtagbazed using inductive analysis.
The final phase of data analysis involved crose-@asalysis. The cross-case analysis
was used to make comparisons across the three Gsekarities and differences were
interpreted in the light of information about indiual contexts and personal

backgrounds.

Ethical Considerations

To protect the rights of the teachers as parti¢gpan this study, | constructed
an informed letter for data collection. This lettexcluded a brief description to
introduce the researcher, the plan of the study,the need to conduct interviews and
observations. It asked for teachers’ lesson plaxglained how the information
collected was to be used, and how the participamitd expect to be rewarded for their
participation. This letter was submitted to theeegsher’s advisor for approval prior to
the start of the study. The letters were sent kdhal teachers and principals of the
schools in which teachers worked. Before | begarstugly, | reviewed the contents of
the letter with each teacher, in order to answer guestions they had about their

participation in the study.

A number of steps were taken to ensure the priexd confidentiality of all
involved, so that participants would feel that tremuld share freely and openly. A
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guarantee of anonymity was given to all teacherd students associated with the
project. Pseudonyms would be used for all namestlamddentities of all participants.
Upon the completion of each interview and classramervation, | provided each
teacher with a copy of the interview transcriptsl dield notes from the classroom
observation. All data collected during the studyevstored in a secure place, and then

were to be destroyed following the researcher’satiation defense date.

Strategies to Enhance the Trustworthiness of the Da Collection and Analysis

Trustworthiness for this study was ensured by the af triangulation of data
and methods. Data collection methods employedisrésearch study involved several
techniques, including interviews, classroom obd#raa, and document collection.
The creditability was additionally increased by amiber checking technique, in which
each participant was given a copy of the obsermatior interviews to recheck their

answer after interviews or observations.

Enhancing transferability, | wrote in-depth destaps and used multi-case
studies and thick description in the research stadyplain the context of the situation
and the findings. | described the context of theasion being studied in detail, in order
to provide an opportunity for the readers to eviuhe feasibility of applying the
study to their own situation. Multiple case studiesre also employed to enhance the
transferability of the research study. | used thoases. In this study, each case
(participant) had different perspectives, knowlethgses, beliefs, and background and
each was in a different context. The analysis afheease and cross-case analysis

provided detailed descriptions from all cases awedeiased the transferability the study.

Working with my advisers facilitated the dependidpiand conformability of
the data collection and analysis as an ongoingesocThe advisers also acted as an
external auditor to check each step of the ingpincess. For all steps of data analysis,
| met with the advisers to discuss and to gain sensus on the findings. Then the
advisers and | discussed the tentative claim fraata danalysis. Where | and the
advisers held different views of the data, | rebhgred the data and discussed my



75

results with the advisers to obtain an agreementfindings. The advisers gave

feedback on ideas, and fostered insights, therédiyg to the study’s credibility.

Summary

This chapter presents the research methodologyinglédo examining how
chemistry teachers perform their teaching practibegore participation in the
collaborative action research project, and to ihgasng whether or not chemistry
teachers change their teaching practices as anemdé of their participation in a
collaborative action research group. To answerréisearch questions, an interpretive
case study research was employed. The researchstarted with a first phase: to find
out the nature of teachers’ chemistry teachingetoadary school. Then these findings
were used as one of the guiding principles in ttoegss of improving the practice of
teachers through collaborative action research ramg The research employed a
number of data gathering techniques — classroomereasons, interviews, review of
documents and participation in group meetings finiw out if the collaborative action
research impacted on the teachers so as to chhageptactices along constructivist
lines. Analysis of data from these different soarcand persistent observation, and
cross-checking were undertaken to enhance thevioustiness of the research findings.
The analysis approach consisted of an inductiveqe® to search for correspondence
and patterns. The changes in teachers’ teachingigea based on the constructivist
approach were analyzed and linked together to famuthemes to explain the
meaning of the research findings. The ethical dsrenwas taken into consideration in
all stages of this study. The next chapter presedslts of the first phase of study
about chemistry teachers’ teaching practices infits¢ semester of the Thai 2008

academic year.



CHAPTER IV

RESULTS OF PHASE | OF THE STUDY

Overview of the Chapter

This chapter provides the results of the analy$ithe multiple data sources
used to answer the first research question, naniélpw do chemistry teachers
perform their teaching practices before participain the collaborative action research
project?” The chapter presents three cases ofrinegechemistry teachers. Within
each case, personal and educational backgroundthenttacher’s teaching practices
are presented. The practice is presented by cgedtiemes relevant to the class
learning activities. Themes of teacher teachingtma of each case are presented in
the following sections including: lesson introdoctj teaching and learning process,
social interaction in classroom, learning assessmamd finally teacher roles. The
chapter ends with a summary of common findings #raerged from a cross-case
analysis of these chemistry teachers. Throughauthiapter, pseudonyms, (Dara, Aree,
and Benja), are used to protect the chemistry exatidentities. Throughout the first
semester in the Thai academic year 2008, the ttiremistry teachers were observed
four times, and interviewed four times after themching. In addition, they were asked

for four lesson plans based on topics they hadvalibfor observation.

The Case of Dara

Dara’s Background in Relation to the ConstructivistTeaching Approach

Miss. Dara has had no experience with or has rniena@d any workshops
focusing on the constructivist teaching approacthe Spersonally views the
constructivist teaching approach as one in whicldestts play an active role in their
learning process. As a consequence, students gonhdtneir own concepts by

manipulating concrete objects and through handsctivities. In her opinion, the
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teacher need not act as a support pillar for stisdenean on. Students have to actively

participate in their learning process.

In Dara’s opinion, there are limitations to usiing tconstructivist approach in
her classroom. Firstly, it is time consuming, bessait needs more time to use the
strategies which can monitor the construction ahestudent’s knowledge. Secondly,
she has to cover all content framed for her cowasd,this does not allow her to teach
based on the constructivist approach. As mentidrexd, it is an overview of Dara’s
opinion and her previous experience which influemmee her subsequent teaching

practice.

Dara’s Teaching Practice

In this section, the results are discussed in texhi3ara’s practice as shown in
the activities in her classroom. The data wereect#id and teaching practices were
observed in one classroom of"l@rade students who were studying in the science
program. The instructional unit observed was oncidonding, including four main
concepts: ionic compounds; naming and formula mgitiBorn-Harbor cycle and
energy of ionic compound formation; solubility afnic salts; and reactions of ionic

compounds.

Lesson Introduction

The Realization of Student’s Prior Knowledge

In Dara’s classroom, she always stressed tryongractice her teaching
based on constraints imposed by school curriculiamdsards. Covering content matter
in all topics took precedence over teaching deegathat students could use what they
learned for the examination. She decided what stsdshould learn and how. The
instruction focused on providing content. Studee¢ds and characteristics were not

considered an important part of teaching.
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Before teaching a new concept, Dara often toldestts what topic was
being taught and how she would like them to hairigllsuch as having them do an
experiment. Then she transmitted her knowledge wWith expectation that students
literally understand what she had said and thalestis could answer her questions
correctly. For instance, on the topic of naming anding ionic formulas the teacher
began the class by declaring that they would |@atearning centers where she would
provide instructional materials for students tosadf-study. She then briefly explained
the concept, naming and writing ionic compound falas, which students were then
going to study. She explained which materials warailable, consisting of handout,
worksheet, and answer key. She then distributedethmaterials to each group of
students and had students studying them by thessel@ther examples: when
teaching about ionic dissolving and ionic equatjdhs teacher only told students that
they were going to learn by conducting an experim8he asked them to formulate a
hypothesis of the experiment. Then she told thesrligh of chemicals and instruments,

the lab procedure, and what they should observe.

Some classroom observations revealed that she gsestioning to
review students’ previous knowledge learned from phevious topic. For example,
before teaching the main concepts of the Born-Hadycle and the energy of ionic
compound formation, Dara reviewed what studentsvkabout the previous topic by
asking them some questions including: “What is tbeic formula of Sodium
Chloride?” “What group is Sodium a part of? And wisathe sodium ionic charge?”
“Sodium is in group one and the ionic charge isitp@s and what about Chlorine?”
“Chlorine is in Group Seven. What is the ionic geof chlorine?” and “How do you
write the Sodium Chloride formula?” After the teaclinad questioned students about
ionic bonding, she then began the mini-lecture Ioying the steps of ionic formation
through the Born-Harbor cycle, using the formatdérsodium Chloride as an example,

and then explained the procedure.

Even though Dara asked students for prevknmswledge, she seldom
used questioning and other class activities toinegato student’s prior knowledge as
to how they thought about the new concept. Sheedlageat emphasis on the faster
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pace and greater bulk of knowledge transmitted fteacher to students. Therefore
before teaching every topic she often told the esttsl the information she would be
addressing and wrote down topic titles.

Learning Activity

Lectures and experiments, followed by having stiglelo the assignment, were

the predominant teaching and learning activitieBama’s classroom.

The Teaching Strategies

Students were moved through the lesson by lisgeaind responding in
chorus to Dara’s lecture. Dara was very concerrmaliainstructional schedules and
felt an urgency to comply with the school curriculuwhich she believed did not
allocate enough time for her to pose open-endedstgums and wait for student
responses. For this reason Dara devoted only la Wt her instructional time to
guestions aimed at provoking thoughtful respon®esthe contrary, she quickly began
the class by stating the topic being taught, erpigi the concept, and eventually

asking students to copy down what she had said.

Particularly revealing of Dara’s teaching practiwas her handling of
the concept of energy of ionic formation. She betfanlecture by writing down the
five steps of ionic formation through the Born-Harlkrycle, using the formation of
sodium chloride as an example. To explain the §irsp she said that sodium metal was
vaporized to a gas of sodium atoms. This step redwn input of energy known as the
atomization energy of sodium metal. Then she tti@dcompare the endothermic
process of sodium vaporization with the real litea&ion by questioning; “Why do you
feel cool when you rub alcohol on your skin?” Bone of the students responded. She
did not wait for students to respond but rathememmed her own questions: “Because
when you put alcohol on your skin, alcohol evapssaby removing heat from your
skin so that it feels cold to you. Evaporation gracess that requires a lot of energy, so

evaporation is an endothermic process.”
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She continued explaining other steps of ionic faion and interrupted
with questioning: “What it is meant by ionizatiomezgy?” She again answered her
own question and still kept explaining until shed le@vered all content matter. After
finishing her explanation she told students thaiL‘jrave to memorize all five steps of
ionic formation, and after that | will give you tlessignment in which you have to
rearrange the steps presented to form the stejpsiofformation.” And then she asked

students to copy what she had written on the blaaidinto their notebooks.

Similar to the energy of ionic formation topic, ieaching other topics
she used lectures as her primary teaching methq@iotdde knowledge. She initially
wrote the content matter being taught on the blaakib and followed by explanation
and questioning. Students were asked to copy domat the teacher had explained for

them.

The Opportunity to Do Hands-On Activity

Experiment was another method Dara used for lssciShe explained,
in the interview session after teaching, that imdiecting the laboratory experiment,
she did not allow all students to conduct the expent themselves but rather used
demonstrations by asking the representatives di gemup of students to conduct the
class experiment (depending on the availabilitegfiipment and materials) instead. In
general, when conducting class experiments, Daspgoed all instruments and
chemicals and put them in front of the class intdaeher area. The activity was begun
by the teacher stating the title of the experimdiiten she asked for the hypothesis,
explained the lab procedure, asked randomly sorpeesentatives of each group to
come to the demonstration bench to carry out sdesteps of the experiment, had
these students tell her the experimental resuitd,fimally stated a conclusion for the

students.

In one lesson, for instance, the teacher introdiute topic of ionic
dissolving to students using an experimental demnaten to illustrate a change in
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temperature. Before conducting the experiment, Cfast introduced lists of the
chemicals used and then encouraged students tensléde a hypothesis by asking; “Is
there any difference due to solubility among theidosalts provided?” And “Does
dissolving of these ionic compounds affect tempget” A number of students
answered “Yes”. With this answer from the studematsg with no further questions
asked as to the reason for saying “Yes”, she Herngete down the hypothesis on the
blackboard and then drew a picture illustrating #erimental procedure. She
explained step by step the experimental proceduteea class experiment. After that,
she had representative students from each groepaatkthe equipment. Two students
from each group came to the front of class, toak ¢hemicals, and conducted the
experiment at that place, following the procedunéiten on the blackboard. Some
students who did not understand the procedurelglagked the teacher for step by step
instruction, and then followed what the teacher said, step by step. Others who did

not conduct the experiment just sat waiting, anmdeseven kept talking.

Dara then drew a data table and asked the repatisenstudents about
the result of the experiment. Because the studbBdteot get the expected results, Dara
ran it again and recorded what she found withoytdiscussion regarding the error in
the students’ data.

Even though Dara believed she had taught the empet, along with
methods of inquiry consisting of hypothesizing, estigating, and conducting, there
was no obvious evidence that these activities hattased students’ understanding of
the material being taught. As to the utility of d#ts conducting an experiment to
further their understanding, Dara said:

They do not understand much while conducting theeament. They can learn
when | tell them. The reason for using the expenmime to change classroom
atmosphere from lecture to experiment that studargsgiven the opportunity to

touch some equipment."tanterview: Dara, Sep®].2008)
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The Student’'s Responsibility

After providing information, Dara always had thtedents working on
an exercise in the problem worksheet. The formathef exercise was short answer
guestions and fill in the blank questions. The dgpiquestions asked for information

that the students could find in their textbook, d@uts, and notes.

Dara believed that handouts and worksheets weralternative way to
support student’s learning because they could ipeeind make sense of the concepts
by completing the assignment. She did not costalents’ work on the exercise, but
rather asked them to study for themselves on tlyeskeet. Even though for some
topics she had the opportunity to correct studentsk, only a few students’ results
were corrected, while others were not. She askesetistudents whose work had not
been corrected to check it themselves against tthagehad already had been checked
by the teacher. However, typically she always mowedto the next topic without
clarifying what students were doing. Dara expresked views on having students
correcting their work themselves. As she said, dting the exercise, | did not give
them the answer or correct them because it is Sp &aey themselves can arrive at the
correct answer by studying the notes they haventak@" Interview: Dara, SepS}
2008)

On the other hand, only one topic, that on ionésalving, did she gives
the students the answer key when they were assignéd the exercise. However by
doing this activity, students had only a little &nto do the assignment. Thus the
majority of students had not done the assignmergnwiime teacher gave them the

answers. Students could only just copy the answertheir note books.

In summary, Dara always used lectures and denatiwsis or
expositions, so that controlled teaching dominatetler classroom. She focused more
on content than on student processing of that obnt€herefore the power and
responsibility were primarily placed on the teachserthe authority to choose what and
how the content was presented. The bulk of knovdeags transmitted from teacher to
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students at a fast pace. As to the process ofitearthat process tended to be passive,
with students receiving the knowledge passivelye $tudents used low level processing
skills, such as imitating or remembering, to untierd the material. Little responsibility
was placed on the students concerning their owmilegs A final emphasis in Dara
teaching practice was rote memorization. Rote meraton often was mentioned as
one main aspect to help students’ learning. lfetis can remember a lot, they can
learn and obtain a better understanding. The legmiocess required students to do the
assignment with problems presented after she waspleted teaching but without

clearly establishing whether or not students hatktstood correctly.

Social Interactions in the Classroom

Opportunity to Interact Among Students

In Dara’s lesson plan, she had grouped studentdusters of four to
five, in accordance with a group of learning styads that she called nhumber-headed
together technique, which she drew from documefithen fellow teachers in her
school. Number-headed together technique is a catpe learning strategy that holds
each student accountable for learning the matenabrder to promote student
participation, learning, and understanding. Stusleare placed in groups and each
person is given a number (from one to the maximwmber in each group). The
teacher poses a question and students "put themsh&ogether" to figure out the
answer. The teacher calls a specific number toorebas spokesperson for the group.
By having students work together in a group, thiategy ensures that each member
knows the answer to problems posed or questioredask the teacher. In contrast to
the ideal of number-headed together technique,ara® classroom, students were put
into groups in a room in which the teacher raretynpoted cooperative learning. She
had students learn by themselves through self-strtaiy the instructional material
provided to the group. Students were assigned t& alone. It was revealed that Dara
had less understanding of a cooperative learnimgtesly, even though she had
addressed that technique in her lesson plans. @8igeere put into groups, with no
evidence of cooperative learning taking place.
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When Dara implemented her plan, students wereyalveasigned to
work individually. The classroom interaction wasniied because student interaction
was basically confined to responding to teachezetid questions. When Dara was
asked for the reason why she wrote about the tqukrthe number-headed together in
her lesson plans but she actually did not adop thchnique into practice. She
explained that she herself did not really undestaow to implement that technique in
real situations. She just studied that techniqamfher fellow teachers and then wrote
the lesson plans. The written lesson plans weréempfor teacher incentive or teacher

reward.

The Teacher Awareness of Group Work

Even though Dara did not organize group work fadent to engage in,
the group dynamic emerged anyway in the attempstbgents to complete their work.
During one classroom observation on the topic afing and formula writing of ionic
compounds, an informal group consisting of foudstits was working right in front of
me. They had handouts to read and work sheets g required to complete.
During this process, they were asking each otheh fjuestions as: “How can you
name the compound formed from Aluminum and Phos@®r “What is the
representative symbol for Aluminum?” “How do we déhtiPhosphorus?” And “Am |
right to read P as Phosphide? With each questienstudents engaged in a dialogue
that eventually lead them to collectively solve fiteblems presented. {tlassroom
observation: Dara, Aug 392008)

In addition, the group dynamic not only emergedhis group; there
was also dialogue among students in both intraiaigd group teams. Some students
initially tried to do the exercise themselves adividuals, and later did it with their
friends who they believed were experts, with tasult that there was some dialogue
among them as to sharing what they were thinkirdy thereby furthering everyone’s

understanding.
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Even though some evidence emerged that students atempting to
work cooperatively, Dara never mentioned this im mterviews or discussions. She
instead described the learning center as the waystiadents to do self-study. In
addition, Dara never explained how to assess flieetafeness of the learning center as

group work.

Learning Assessment

Learning assessment in Dara’s classroom typicatigluded observation,

assignments and worksheets, and tests.

The Use of Observation

Technically, in her plan, Dara sought to use olmt@n to assess
student group discussion and group participationt Bhe made practically no
observations to assess student group participatiodioing assignments or experiments
because she did not provide any group work in drfyeo lessons. Group observation
was replaced by classroom observation, in that rebaitored how students were
working on their tasks and she also assessed $tudemceptual understandings. The
results of observation were used to control or stite students to work in case they
did not pay attention. She gave more attentionhimsé who were working with
incomplete understanding. In terms of assessirenesei process skills, only measuring
skills were observed when she asked students tducbrnan experiment. Those
dimensions of student learning such as attitudesooial aspects were not emphasized

or mentioned.

The Use of Assignments and Worksheets

Even though Dara expected the students to leaemtgec knowledge,
the methods of assessment she employed were naistrt with her intended learning
outcomes. She used assignments and students’ answeworksheets to assess
students’ conceptual understanding, but rarely nwmieections or gave any feedback
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to students to develop any sense of progressistugtent learning. Students’ work was
checked only for classroom participation. In adbuhti the assessment tools she
employed were not consistent with her intendedniegr outcomes. For example in
teaching energy of ionic formation, the aims of&ag she planned were that students
should be able to indicate the released energyepsoor absorbed energy process of
ionic formation, to write up the steps of ionicmation, and to sum up the net energy
of ionic formation. In practice, she had studentgeaup the process of sodium fluoride
formation by rearranging the steps presented agl tlad them simply sum up the net
energy of ionic formation. The only change from &xample she provided earlier with
NaCl was that the students simply substituted FGbrThus, students only had to
imitate the process she provided earlier and stienadli ask the students to explain the

process of ionic formation.

When asked in her interview after her teaching uabstudents’
understanding of the concept of ionic formation,rdalaimed that the students
understood the concept of ionic formation quitelvesl she checked their work and
they all were able to rearrange the steps of ianimation correctly and were also able
to sum the net energy used for ionic formation. Wii@ther asked about students’

understanding on other aspects addressed in liaimgaims she replied:

| did not ask further questions to extend studemtslerstanding of each step of
ionic formation. Thus, I did not know whether statteunderstand the concept. |
think that to discover students’ understanding Il wiobably test them or ask
them later to explain these concepts next time™® (@erview: Dara, Sep®]
2008)

As the comment above indicates, even though sbeséd largely on
student conceptual understanding, this assessnmethbthwas not fulfilling her goal of
teaching students the key concepts since the assigndid not examine some key
aspects. In addition when asked, she was uncatato whether students answers to
guestions on their tasks could give her informatioh students’ conceptual
understanding, since students always simply cohiedssignment.
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The Use of Tests

While | did not observe Dara using tests to assas$ent’s conceptual
understanding, she always mentioned her use of tesny times during our
interviews. She mentioned her use tests becausthehght that other methods such as
asking questions, observation, or even student wakld not give her much
information about student’s understanding. In lessbn plan the test was designed and
planned to assess student’s conceptual understphdifore and after learning each

topic. The formats of the test were multiple chaoel fill-in-the blank questions.

In summary, Dara emphasized conceptual understgradi her students’
desired learning outcomes. The tools used for assa® were paper tests or work
sheets of assignments that clearly delineated itjflg answer. In addition, asking
guestion was often used when the teacher interagitbdstudents during classroom
observation. Dara was not very concerned as to ¢trowhy the students answered as
they did, but she was more concerned about thedoresponse from students. The
requiring of the right answers from students wassatered to be more important than

creating better questions to prompt student thimkin

Teacher’s Roles

Regarding the teacher’'s role, Dara played variclssrin her classroom,
typically including that of information provideresource developer, and learning

assessor.

The Information Provider

Dara used interactive ways, including the lectanel explanation, to
pass information to the students. She taught witlirect focus on the transmission of
subject matter. Students who acted as receivers algrays asked to memorize and
copy information given by the teacher. She alwayslenthe decisions and decided
what she wanted students to learn. When teachivggjrstially explained the content

knowledge and then asked students to copy whahatieexplained and written on the
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blackboard. Following her explanation, she hadettsldo the assignments. Handouts
and work sheets were distributed to students, @olpm questions were written on the
blackboard. Students were allowed to work on thegasnents, and they sometimes
had to stop work on their assignments if the teaoh®ved to the next topic. Students’
answers were not checked for correctness andiethtify the teacher. On the contrary,
she checked whether or not the students’ work viadlb her direction. The example

below illustrates some of these points.

Before explaining to the class how to write thaiégoequation, Dara
wrote one un-balanced chemical equation of oxyges and hydrogen gas to get a
water molecule, as an example leading to a discussn how to balance a chemical
equation: “What product is produced from reactigygen gas and hydrogen gas?;
How do you balance this equation?; What number a@lo place in front of hydrogen
gas and oxygen gas?” She then discussed a redetiomed in a previous class, a
reaction between calcium hydroxide and sodium caateto get calcium carbonate,
and showed the class how to balance the equatio&.g8ve a mnemonic code to
remember, and some students recited after her wmtithaderstanding exactly what she
had said. However she did not clarify the meaningeason for using such a code.
Then she asked students to write and balance thecotar ionic equation for calcium
hydroxide and sodium carbonate to get calcium caat® She summarized what she
had explained about the ionic molecular equation, iadicated what she was going to
teach. Before finishing the class, she had studsmtectly copy everything written on
the blackboard and had students ask questionssi tteey did not understand. Dara
during an interview described her use of lecturab @ giving students information by

commenting:

| taught by first using a lecture to give studeinf®rmation in order to guide

them in what they should know. If | had them stodytheir own by reading the
document and doing the exercise by themselves utithoy help from me, the
whole process, they would probable get confusedaddition, to support

student’s learning, |1 gave them the document shadthad them practice by
doing the exercise (4" Interview: Dara, Sep 12 2008)
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The Resource Developer

Another role that Dara acted out was that of resmdeveloper to create
new learning environments. The instructional paekdgveloped by Dara was used
instead of using a textbook to which the studemt$ &iccess, and made it much easier
for them to take more responsibility for their ovearning. The instructional package
mentioned by Dara consisted of handouts, workshest, and some figures. The
instructional materials were distributed to studewhen they were asked to do the

exercise. Dara described the use of the instruatipackage thus:

It is a tool to help students reach an understanadirthe topic. Because students
have a short concentration span, they don’t listéven | am writing (on the
blackboard) and explaining. But if they study frahee handout and see the
example provided, coupled with doing the exercibey all eventually can do
the exercise successfully. Furthermore they clairtieed they cannot see the
blackboard. Thus using the instructional package felp them to study. {2
Interview, Dara, Sep®] 2008)

The other resource material used to support stadégarning was in
card format in the form of a game. The cards congai element symbol, the name of
elements, a chemical formula, and the name of mida formula. The card game was
developed to help students remember the symbohefdement and make them
familiar with the name of the ionic compound in arm engaging atmosphere. After
learning about naming ionic compounds, student®\wegaged in the card game. The
teacher first explained the game rules and theyeplghe game with students in order

to encourage them to participate in this activity.

During classroom observation, some students dgtigagaged with
each other, as they were playing the game. Evengthesome students remained
unengaged in the game in the first round, they waitched others who were playing
and then asked to play for the second round. At pmat, Dara asked one female
student to explain the rules for a new player. &hdd explain to her friends and gave
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examples correctly. In addition to promoting studéetearning, Dara also explained
that the game itself in class time was not the @nithe activity. Students could ask to
borrow a card game set to play a game outsideagEdime.

Even though Dara was a developer of instructiomaterials such as the
card game used for encouraging student to parteipathe learning process, with
respect to the other instructional materials sushthee instructional package, Dara
continued to use traditional paper media that myced instructional material and

handouts on the topics that were already coverddaks or other resources.

The Learning Assessor

The assessment of the students’ competence wasaskefacing the
teacher. As an assessor Dara had the role of gaggigment on the students. She
described her way in assessing student learning sha mainly emphasized on
student’s conceptual understanding. In my obsemsitof her teaching practice, she
was the only one who checked students’ understgndinen they answered her
guestions and did the assignments. However wh&mgahbout her role as assessor of
students’ learning, she herself could not evaluatwv students’ conceptual
understanding improved, since students always dopmk from their peers. Students
handed in their group work individually but she wasable to monitor whether
students were copying their friends’ work. Conseqjyeshe gave them equal scores

and did not use the assessment to further theihggpnocess.

Summary

In summary, in Dara’s classroom, knowledge pringactdme from the teacher.
The teacher was the major source of informationaanthformation provider. She used
her expertise in content knowledge to help studeméke connections, usually by
means of the teacher talking and students listenMigen planning the lesson, Dara
acted as planner as well as decision maker for whdthow of the learning process.
The effort to get to know the students and to ustded how they processed
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information was secondary. To facilitate a studem¢arning, Dara acted as resource
developer to produce instructional materials, buihe materials just only repeated
what was already covered in text books. As reghaisiing assessments, Dara always
monitored and corrected students’ answers and therks. But she neglected to
correct the work of some students, which left themsome confusion. In her
classroom, only the teacher acted as assessoraloaéy student learning, but her
assessment methods did not appear to support ectisb of promoting increased

student understanding.

The Case of Aree

Aree’s Background in Relation to the ConstructivistTeaching Approach

Mrs. Aree had no experience of studying or attemdimrkshops that directly
focused on a constructivist teaching approach. Hewshe had studied the related
documents based on cooperative learning, suchaasirig through jigsaw technique,
and had studied inquiry learning (5E) from docureenainly published by the Institute
for the Promotion of Teaching Science and Technol&he personally viewed the
constructivist teaching approach as one in whickestts played an active role in their
learning process. Aree claimed that students coctstl understandings through
searching for information and through hands-orvdis. To complement the student’s
learning process, the teacher had to provide eafilams to students to help them
construct their understandings of the subject mattewever, with this approach Aree
believed the teacher was not an instructor whohtwatpne in the classroom; rather,

students were to be encouraged to get involveldaim bwn learning activity.

In Aree’s opinion, there were limitations to usithg constructivist approach in
her classroom. Firstly, it was time consuming,duse more time was needed to ask
students questions, to wait for a student’s respoasto monitor the construction of
each student’s understanding, etc. Secondly, sthécheover all content framed for her

course, and that did not allow her to use the coasvist approach in her classroom.
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Thirdly, some students needed more information puederred to be passive learners,

and absorb information purely for use on examimestio
Aree’s Teaching Practice

In this section, the results of Aree’s practicetenms of the activities in her
class are discussed. The data were collected actlitg practices were observed in
one classroom of 0grade students who were studying in the scienogram. The
instructional unit observed was ionic bond, inchgdfour main concepts: ionic bond,
ionic compounds: naming and formula writing, soliypiof ionic salts, and covalent

network structures and metallic bond.
Lesson Introduction
The Realization of Students’ Prior Knowledge

During the first few introductory minutes of theskon, Aree reviewed
previous knowledge to help students see the lofjmal and continuity of content. She
announced the lesson’s topic and then reviewedqus\knowledge, such as the term
ionization energy [IE] and the term electroneg&yiJEN], so as to inform students
whether or not they had the proper prior knowledgeded to acquire the new material.
lonization energy referred to the energy requideimove the outermost electron in
the atom or molecule when the gas atom or molegakeisolated in free space and was
in its ground electronic state. Electronegativigferred to a chemical property that
described the ability of an atom to attract elawrtoward it. She explained all these

chemical terms before teaching the concept of ibording.

Prior to teaching, | ask them about the previouskadge which relates to the
current concept being taught. For instance, inhiegcthe ionic bond, | ask
about IE EN. They have to know about these concamdsl want to know how
they understand these concepts and then relate tteexepts to the current
concept being learned.%{Interview: Aree, Aug %, 2008)
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In every classroom observation, Aree typicallyieexed the students’
previous knowledge, and provided students withearctense of the day's topics and
their relation to the course as a whole. She asbkistiudents to recall the past material
and previous knowledge, using questioning on tlablpm presented. Students were
allowed to discuss both as individuals and as agrand eventually Aree gave the
students sufficient explanation to fill in the cent knowledge that was needed to
understand the current concept.

For example, before teaching ionic naming and tdanwriting, Aree
reviewed for students the concept of ionic bondusing questioning and explanations
about the ratio of ions forming the bond. In anoteample, Aree asked students one
by one some questions and had them explain theoggdrbond before learning about

the covalent network and metallic bond.

Aree not only asked for the previous knowledgedusr the new concept
but also for the students’ prior knowledge as tw ltbey understood the new concept
before being taught it. Before teaching the ioronid Aree reviewed and asked about
states of matter and their physical propertiesh stiscmelting point and boiling point. The
aim of this discussion was to elicit students’ p#oaowledge about the chemical bond
and enable students to get a sense that therefavees of inter-molecular attraction and
intra-molecular attraction. She then introducedftitee in terms of chemical bonds that
hold atoms together in a molecule and ions in icoimpounds. Regarding why chemical
bonds formed, she also used questioning to reviadests’ previous knowledge about
the arrangement of valence electrons that makes@active atom, and then eventually
discussed how these atoms form a bond. Questiores agked such as: What group in
the periodic table is very unreactive?; What donalble gases have in common? (They
all have 8 valence electrons); What rule is usegbrelict whether an atom is very
unreactive? (The octet rule)

Even though in some topics, as above, Aree asketbrsts about their
prior knowledge of the topic that they were goimg study, her practice was not
consistent. Aree remained confused about, or hadmplete understanding of,
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eliciting prior knowledge. For example, she wasngadio teach about ionic compound
properties which focused on ionic salts solubilify. elicit students’ prior knowledge,

the teacher might ask what they know about ionlalslity, or what they know about

ionic properties. On the contrary, Aree asked hedents about how ionic bonds
formed which was less related to the topic she gaasg to teach. In addition she did
not use such questions to introduce the new contéptquestions Aree got students to
focus on when eliciting students' prior knowledgerevfocused only on what the
answer was about, but not related to her purpaseeézhing. In addition, she always
placed much emphasis on reviewing the previousofess help students remember

information.

Learning Activity

In an attempt to facilitate the learning activifgr students, Aree used a
guestioning technique during teacher’'s explanatimemds-on activity, and exercise
with the interactive handouts.

The Use of Questioning

Aree often used explanation to provide the keycepts of a particular
topic, and emphasized core subjects existing irkkfddandouts and worksheets drawn
up by the teacher were distributed to studentsrbefeaching. She followed up by
asking students questions and then provided exjpbensa She shaped the learning
activities to encourage students to take an aqis in learning the material. She
incorporated into her explanation opportunities &iudents to ask and answer

guestions, participate in brief discussions, aridesproblems.

She took time at the beginning of the class toqsstions in order to
connect the day’s ideas, concepts, or problemsatenmal that she had presented in the
previous class and to the overarching themes otdhese. Before introducing a new
concept she used questioning to assess prior kdgeler previous knowledge needed

for the new concept and to clarify a vague commé&niring teaching she used
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guestioning and students’ explanations of the qoinge order to assess student
learning. When asking questions, she gave studeftminutes to think and formulate
a response. If time passed without anyone volumgean answer, she rephrased her
guestion. She always asked the same students falioguestions to prompt students to
clarify, refine, andsupport their ideas. When a student gave an incowe ill-
conceived answer, she responded in way that clggltenhe student to think more
deeply or to reconsider the evidence. Finally, gphi@ted out what was incorrect about

the answer and filled in the necessary points toptete the answer.

For example, when teaching about the ionic bongeAised questions
to encourage students and asked follow-up questdftes students got a sense that
there was a force of inter-molecular attractionoined. The teacher introduced the
force in terms of chemical bonds and explainedysda&sson on the ionic bond. As to
the reason why chemical bonds form, the teachelamqul and had students view the

handouts simultaneously.

She began by asking questions as to what studkeadtdearned in the
previous instructional unit. Various questions werged including: In forming a
compound, what electron arrangement takes placeat Whup in the periodic table is

very unreactive? How many valence electrons anethe

After students arrived at the octet rule of untedyg, she continued
asking students in order to explain how the ioreadis formed, using the following
guestions: What is the nature of valence electrohslements which have low
ionization energy? Which groups of element have ilmwzation energy? Which group
has the lowest ionization energy among group ome, or three? Why does group one
have the lowest ionization energy when comparedrtmup three? How about atom
size? Among V, VI, and VII groups, which group has highest ionization energy?
How about electronegativity of VII group? The teacdiscussed with students how an
ionic bond was formed, kept questioning, and exgdithat an ionic bond was formed

by the transfer of electrons, producing ionic coonpis.
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In terms of the concept of learning, she not ofdgused more on
content but also on student processing of it as. \B#&lident understanding came from
the teacher’s explanation and student’s resportse.pfocess of teaching and learning
tended to be active, with students engaged asealisieners while participating in the

teacher’s explanation and responding to the teacheestioning.

The Opportunity to Do Hands-On Activity

Even though the teacher acted as the major inflomg@rovider, with
the power and responsibility being primarily placed her, there were times however
when student knowledge was arrived at through thmebined efforts of both teacher
and students. While the construction of the stuglekhowledge was under the
guidance of the teacher, the students synthesikedgathered information using
problem solving, critical thinking, and inquiry #ki

Additionally, in her view, student classroom apation and hands-on
activity were important characteristics of goodctéag. She expressed her ideas about
her teaching, in which students took roles andi@pdted in learning activities. The
students had a chance to do experiments insteasingfly being given content
knowledge by the teacher. She felt they shoulddivities, think, present their ideas,
exchange their ideas with their peers, and reathitgs around them. With regard to
letting students do hands-on activity, Aree said:

It's nice to see them enjoying themselves. Inspbngdhands-on activity they can
really interact with instruments and do the worktbeir own. After they have
learned the concept, they then have the opporttmitho hands-on activities and
let their minds grow. They can learn by conductimg experiment. They can get
the knowledge based on the experiences and theoemnt they are exposed
to. For example, | have taught them that if thegerature is increase that means
the process is exothermic; on the other hand iftémeperature is down, that

means the process is endothermic. As | observe tiweng the experiment, they



97

can accomplish the main objective of the experinmoperly. (2° Interview:
Aree, Aug 28, 2008)

Aree thought that there needed to be a bit m@ehtr direction in order
to do the experiment correctly. Because of studdatk of experimental skills she
thought she should give more scaffolding. She predithandouts which students were
able to follow in cookbook style and thereby proelube expected results. By this
approach, students completed activities designedhkyteacher to achieve goals
determined by the teacher. During the one sessfodassroom observation, Aree
provided students with a written description ofithask, and students were assigned to
work within teacher-selected groups of seven stisden

In this experiment involving the dissolving of amic compound, she
told student to study the effect of changing terapge on the amount of ionic
compound that would dissolve in a given amount afen The teacher then explained
lab procedure:

In this experiment, you will completely dissolvdfdrent quantities of potassium
nitrate, KNQ, sodium chloride, NaCl, ammonium chloride, M} in the same
volume of water. As each solution is dissolving,uyavill monitor the
temperature change using a thermometer. Thus eaizh pair consists of an
initial temperature and a resulting temperature f@). (¢ Classroom
observation, Aree, Aug 262008)

She had the students look at the lab procedutikeirhandout provided
for setting up the equipment and performing theeexpent. She then gave a list of
equipment that was used to perform the experimanhiding a calorimeter used to
contain the solution. However she did not discuss And why a calorimeter was used.
She had students take note of the initial tempezatis well as the final temperature
when the dissolving was finished. After she exmdinab procedure, she allowed

students to do the experiment without any discusalmout identifying and controlling
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variables. After students had done their experimmshé asked them to present their

findings and conclusion to the class.

Even though the students used high level thinkskgls such as
analyzing or synthesizing to understand the mdteriach responsibility still remained
on the teacher to pose the problem of the expetinasnwell as to detail the
experimental procedure. On the other hand, lesgorssbility was placed on the
students concerning their own learning, as theyewamly being asked to do the

experiment.

The Ways in Doing an Assignment

She used writing assignments during the class rampt student
thinking about the key concept. Students were abbwo work on the written
assignments through informal small-groups. In es&ngle session of observation, and
as the teacher confirmed in interviews, interachimadouts and worksheets were given
out during the teaching to help students and sugherlesson by giving the students
practice on key concepts. These handouts had tssivir problems for the students to
perform. The format of the worksheet consistedhafrsanswer questions, containing
ten to fifteen items. Aree always said that if &t had more opportunity to practice
they would gain better understanding. After havimgshed explaining the content
knowledge or any additional information, Aree haddents answer the questions
presented in the worksheet, and after everybodyfinathed the assignment, she asked
students at random to share their answers. Whesdlleeted students had given their
answers, other students considered whether they rigdit. In case they were not, the

students could respond with an argument. Thenetheher wrapped up the discussion.
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Social Interaction in Classroom
The Group Work in Classroom

Aree incorporated group work into her classroonocpdure. Aree
primarily planned to group students in clusterdoafr to five students, but in practice
students were not organized as expected becausghgtsecal environment was not
adequate for smaller groups. Therefore the largeum size was organized which
contained seven to eight students, and which nmtaderie difficult for Aree to conduct
the lesson. In Aree’s classroom, cooperative legrmas promoted by allowing the
students sufficient positive interdependence taesliheir ideas together, while each
group member remained responsible for his or her wark. Aree described ways that

groups can be used in the class:

Students are divided into six groups dependingaires available. However,
while they are working on tasks, some of them gotter classmates who are
close friends. An example of using group work isdioing an experiment,
wherein all members have to work together and hartd the teacher only one
report. On the other hand | observed how studewiked in their group; for
example, when they did an assignment about cherbmadling, | found that
there was some dialogue, which they were thinkimdy gharing with the others.
For instance, one student asked their friends wigtype of bond should be. It
was a similar situation with another group sittaitgthe back of the class; they
discussed and shared togethef. Iterview: Aree, Sep™® 2008)

In classroom observations, the group dynamic eeteig many ways.
One example occurred when students were workinthein task of drawing the ionic
bond of various compounds. The female group wakiwgrin front of the researcher.
There was dialogue among them, for instance: “Wisathe atomic number of
Sodium”; “The bond written is a single bond, notl@uble bond”; “Writing two dots
represents one single bond, doesn’t it?” With thisversation they were able to

collectively solve the problem presented.
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The group dynamic emerged in the classroom freeid for the most
part each member of a group was willing to workhwather member of that group.
However, there were some instances where somengsuderked individually. The
group work did not explicitly set the stage for d#ants to learn social skills.
Leadership, decision making, and trust-building aerad unsupported by the teacher.
On the other hand only communication skills wereveligped to any extent in
cooperative learning when the students had the roppty to do actual group tasks

such as experiments.

In general Aree did not provide students with clearning objectives
or lay out a design of group work, nor ways of assey work, nor agreement on how
the group would be monitored. The failure to previclear objectives caused some

students to remain working on their tasks individua

Due to group work, how groups were functioning wadewed only by
the teacher. The teacher got no chance to dispessat needs or problems within the
group. On the other hand, the groups had no chamexpress their feelings about
beneficial and unhelpful aspects of the group liegmprocess in order to correct

unwanted behavior and celebrate successful outcombe group work.

Learning Assessment

The Use of Observation

Even though Aree did not directly admit to usirgservation as a form
of learning assessment, my classroom observatiemsaled that she incorporated
observation as one assessment method as a daiigerai interaction with students.
During one observation, she had students studyntdraing of ionic compounds.
Although students had to present their answersh® dlass to show that they
understood, Aree was confident that the real legrriook place in the process of
working with the students, and she continually ratéed with each group to assess
their understanding. While students were workingtbeir tasks, she rotated from



101

group to group. When they wrote ionic formulas dodnula ratios between cations
and anionf ionic compound, they asked the teacher sometiQuss as indicated in

the dialogue below.

Student: What is the ratio? What does it mean?

Aree: For example, this aluminum nitrate compoulhds formed by the
bonding of the aluminum ion (Al) and nitrate ion (N@). The ratio
is 1:3. It means the ratio between mole numbemltibn and anion to
form a compound.

(2" Classroom observation, Aree, Aug™.2008)

The teacher then walked to another group and a#kem questions.
After walking around the room to all groups, sheirfd that students got confused
about the ratio between cation and anion in eachpooind, and how to write the
number of the prefix as a subscript of the elem&fte used the feedback from
observations and then went back to the front ofdlass and explained how to write

ionic formulas again.

As indicated above, Aree assessed students’ itgarim terms of
formative assessment including questioning and rghten, with classroom
instruction. The formative assessments were usedotutor and to diagnose learning

problems, which she could then use to shape hehitegato encourage better learning.
The Use of Assignment and Worksheet

She used writing assignments during the class rampt student
thinking about the key concept, and to assess Iaests understood the key concept

as well.

Aree provided students with learning problemsha form of guided
tasks, from which students could learn the exarople/ay to answer in the handouts
provided. After she had asked students to do $egament, she allowed about 10- 20
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minutes, which was enough time for students to anguestions or complete tasks and
exercises. The students did their work initially riiog individually, and later
discussed their work together in small groups. &ttidvork was corrected by using the
whole class discussion. Aree typically invited lsudents to share their working
experience in the class discussion. She considbig@n opportunity to discover what

the student really knew. She describes:

| had them draw the diagram of ionic bond formimgte blackboard and then
explain the process of bond forming to the clasgenEthough they did not
explain smoothly and used their own language, tl@gealed that they
understood how an ionic compound formed® (aterview: Aree, Aug 5,
2008)

The assignment was one of the learning assessmethbds that Aree

used for diagnosing student’s conceptual undersignd
The Use of Quizzes

Aree’s teaching practice followed a distinct sbgpstep procedure. She
used multiple choice tests as her main assessmeintQnce the subject was taught,
assessment followed. Aree saw assessment as aagcesmponent of teaching. She
made use of the quizzes developed by the chentesttipook and applied them to her
classroom. She typically included her quizzeshatdnd of every topic. The format of
Aree’s quizzes was primarily traditional multiplaaice, containing five items. When
she had administered the quizzes, she immediatedgked their answers to inform
students how much they had scored. Aree said #raqlizzes were an indicator to her
as well as to her students of just how well stuslérad learned the material. Students
who gained a low score would use the result ofgh&zzes to jolt themselves into
changing their behavior and studying harder for et concept. The results of the
tests were recorded, and the function of the ass#swas to monitor the academic

progress of the students.
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Teacher Roles

As a classroom teacher, Aree played various ralefacilitation of student

learning.
The Information Provider

Aree believed that it was the responsibility of teacher to pass on the
information and understanding of a topic to studeht providing the information, she
assisted the student in interpreting it by using oha variety of educational strategies
by which she explained or asked about the subjettem She always used the printed
material and sometime used PowerPoint as instnadtimaterials for providing new
information. In describing her role as a providéirdormation to the students on the

topic of ionic bonding, Aree expressed herselfadi®ds:

For today's topic [ionic bonding] | actually usedirpped material, both
handouts and worksheets, to have students studysttees and then practice
on the worksheets. What | found was that if | abowthem to learn by
themselves it certainly was not effective. Thushamged the way from having
them learn by themselves to explaining the subjeatter for them coupled
with questioning. In general the way | teach igptovide the information by
explanation, and supplement this with asking qoaesti (' Interview: Aree,
Aug 5", 2008)

One example from classroom observation of Are@gerage of the
naming of ionic compounds illustrates how she mpiedi information. The teacher
distributed a hand-out presenting the rule for mgrand writing ionic formulas. She
introduced students to today’s topic and gave thieennecessary information about
naming ionic compounds. She initially introducedvhto name cation and anion as
single ions, and then introduced di-atomic and g@imic ionsof both cations and
anions. While giving out this information she haddents view the handouts and

answer such questions as: Which ion always comgsirii the compound? What is the
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end sound of ionic compounds? What do you call Nd@lthe mean time, the teacher
wrote the formula as an example of an ionic compowhowing the combinations of
ions formed into compoundsd the ratio between cation and anion of the camgo
She further explained how to write ionic formulasidhad students view the handouts
and worksheets which showed students how to waite iformulas and which gave the
naming of different ionic formulas. Students theorked through the questions on the
worksheet. Finally she had students present timsiwers to the class. After students
presented their answers, she filled in the gapgilagg more explanation of any of the

missing points.
The Learning Planner

In order to organize learning activity, Aree hddnmed her lesson as a
daily lesson plan. Regarding the school curricyléree planned her lesson so as to
cover the content required for her students’ geacll In her lesson plan, there were
various issues addressed, including: the expeetmuthihg outcome, the main concept,
the learning activities, the assessment methods tants, and the instructional

materials. She described her procedure in plarmiegson as follows:

As | got the suggestion from the supervisor thatténg should be based on the
science learning standard, | then put the learsiagdard into my lesson plan. |
later analyzed the learning standard to set oueipected learning outcome.
After | got the expected learning outcome, | set thie main concepts being
taught and the method of teaching them. | reliedi@nsubject matter in the
textbook published by IPST. In addition, | also edidnore information, using
textbooks from various publishers. The materiaduseclass was based on the
handouts and worksheets adopted from the chemesttipooks, and on Power
Point presentations downloaded from internef! (dterview: Aree, Sep ®
2008)

Aree also knew how to adopt the material availatlieh as Power Point
presentations, to support learning by providingtinfation on the topic of study. These
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Power Point presentations were prepared by cuumcudevelopers and distributed to

teachers. She described her opinion on using PBaiet thus:

| actually would like to draw a picture on the hoard and then give an
explanation step by step. But using Power Poird &0l to see the picture is
easier and clearer. It also helps me to keep tegakithout losing too much
time. Even though | am not a resource developénisfPower Point, | find and
adopt the material available as a tool for me asel it to help the students

understand the picture much fastel" [dterview: Aree, Sep'§ 2008)
The Learning Facilitator

The teacher’s role was not only to inform the stud but to encourage
them to learn for themselves, using the problemaafocus for learning. Aree
communicated with students in an informal way ie ttmall group sessions, and
encouraged students to learn by creating an atneosph which open exchange of
ideas was facilitated. In classroom observatiome example occurred when Aree

interacted with students in a classroom discussion.

After presentation and explanation of the covatexttvork structure and
metallic bond concept, the teacher had studentweximgy the questions as individual
work, but students could share their work with otineembers in a group. After
everybody had done the assignment, she switchadatt@ver sheets and called on one
student who was willing to share her answers. Wthe girl gave her answer, others
considered whether the answer was right; in casg tought it was not right, they
could make an argument. Finally Aree wrapped upingi the answer again. As is
evident below, Aree facilitated student learningile/iinteracting with them during a

discussion of their assignment:

Student:  Regarding ionic compounds, they are fonnbdree states.
Aree: In general ionic compounds are found in &dsetate. (Aree

revised student answer.)
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Student:  The lattice particle is found in a sdlidte. (The student revised
her answer and continuing to give other answers.)

Aree: What about metal? (Aree nod to agree withghl’'s answer and
then she asks a question.)

Student: Metals are found in a solid state.

Another student argues: What about mercury? igigd, isn't it?

Student: Okay it is liquid.

Aree: Thus, how many states are metals in?

Student:  They are in solid and liquid states.

(4™ Classroom observation: Aree, Séh 2008)

Aree kept up her interaction with students, helgeem to revise and
complete their answers, opened her mind to listeotlher answers from students, and
eventually encouraged them to arrive at conclusiansut the relationship between
matter properties, including states of matter, Isitity, electricity, and ability to

dissolve in various types of solvent.

She not only facilitated student discussion, bigo provided the
students with opportunities for working in the l@ag context. She also continued
observing the students and giving feedback. Whedesits were working on their

tasks, Aree always walked around and helped stade@ by one if they had problems.
The Learning Assessor

The assessment of the student’'s competence wasobriee most
important tasks facing the teacher. As an assegs®e had the role of passing
judgment on the students. Aree explained her rokssessing student learning in terms

of various purposes:

The quiz is an objective assessment, one thatssedoban criteria that | myself
and the students recognize and accept. Those whoagscore of more than
fifty percent of the quiz pass the quiz. Other asseents such as student
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attention at work, or student performance of aneexpent, for those | actually
created the assessment tools to assess the stugesdtice. But it is time-
consuming. What | generally do is use observatipmlyself to measure how
they work. From the results of assessments suduiages | am able to identify
and inform them of strengths and weaknesses in tineierstanding. As a result
of hearing such information, students can shape iractices to pay more
attention to certain areas in case they have ganea score in those areas. On
the other hand, those who have gained a high seitireave more confidence

about and enthusiasm in their learnind’ (@terview, Aree, Sep"d 2008)
Summary

In summary, in Aree’s classroom, understanding cawit from the teacher
and from students’ participation in the activitipgovided. Even though the teacher
acted as the major information provider, sometithesunderstanding was the product
of the combined efforts of the teacher and the esitel Under the guidance of the
teacher, when doing tasks, students had an opyityrtortalk without constant teacher
monitoring. Aree acted as facilitator to providedback or correction when questions
from students arose. As regards learning assessmese fulfilled her role as an
assessor who evaluated student learning in all d@na

The Case of Benja
Benja’s Background in Relation to the Constructivi¢ Teaching Approach

Based on her experience as a participant in a ratisist workshop which
provided her with some information and examples tfaa made a great impression on
the constructivist approach, she believed thateaching based on the constructivist
approach students had to learn by seeking to eaatstneir own body of knowledge
themselves, without any scaffolding from the teachieall. But using this strategy
depends on the learning activity being simple. Clasaped or difficulty activities
would not be able to apply this strategy to hellehts construct a body of knowledge.
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This view meant that Mrs. Benja did not believet tie constructivist approach could

be applied to the teaching of chemistry, becausts diifficult subject matter.

She decided to participate in the collaborativeoactesearch project because
she wanted to learn about various good teachingpadstthat could be applied in her
classroom. It could enable her students to leaatyacal thinking. She also wanted to
learn the various teaching methods that are mb&brfiher student’s capabilities. Due
to her professional development, she would likedéoelop her teaching practice by
incorporating what she gained from the presentegtojnto the cooperative learning
technique that she already knew. In addition sheildvdike to develop a better

understanding of the constructivist teaching apgnoa

In Benja’s opinion, there are limitations to usithg constructivist approach in
her classroom. Firstly, the fact that it is timexsoming does not allow her to teach the
constructivist approach in her classroom, sincehgi®eto cover all content framed for
her course in a certain time. Secondly, some stadeged more information and they

do prefer to be passive learners to get suffidgigiormation for the examination.
Benja’'s Teaching Practice

In this section, Benja’s practice is examined tigtothe various activities in her
class. The data were collected and teaching pesctibserved in one classroom of'11
grade students who were studying in the sciencgrano. The instructional unit
observed was stoichiometry, including four main capts: calculation of chemical
formula, chemical equation, substance mass of da&meaction, and gas volume of

chemical reaction.
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Lesson Introduction

The Realization of Students’ Prior Knowledge

Before teaching a new concept, Benja posed a qaastion to the class
to think about with regard to the previous condeptned. She then asked a series of
guestions to assess students’ understandings,sanelbaddressed the weak points of
the students by explaining to students the prevammeept needed for studying the new
concept. Next she asked one or two questions o statlents grasp what they already
knew about the new concept and, as well, to astadents’ understandings about the
new concept. Benja asked students to share themsitdefore moving on to learning
activities. She also provided students with soneglf@ck to help them assess their
current level of understanding. This feedback dlstped students shape or re-shape

their understandings.

For example before teaching about chemical egusitiBenja gave one
example by writing the symbols of the substancextesl, which were oxygen gas
(O2g) and metal solid of magnesium (Mp and the substance produced which was
magnesium oxide (Mgg). Then she asked questions to elicit studentsorpri
knowledge and related that to the current con@pthe dialogue below shows:

Benja: Let's consider the reaction between oxyges (Q ) and metal
solid of magnesium (Mg) to generate magnesium oxide (MgP
The example presented is called the chemical emuafiom, what

do we know from the equation presented?

Tom: (Quiet)

Benja: Okay Tom cannot answer. Dan can you ansveér

Dan: It gives the information that the solid reaxttreacts with the gas
reactant.

Benja: What is solid?

Dan: Magnesium.
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Benja: What is produced from this reaction? (heacasked other
students.)

Students:  Solid.

Benja: What is its name?

Students:  Magnesium oxide.

Benja: What do we call whatever we get from #mction?

Students: Product.

Benja: You have known about reactions. What alibet ratio of the
substance reacted to form a compound? Considdriageguation,
if two moles of magnesium react with oxygen gasw houch
oxygen gas is required?

Students: Two moles.

Benja: Two moles atom of oxygen but one mole mdieof oxygen gas,
you have to be clear.

(1% Classroom observation: Benja, Jul"3@008)

Benja then related student’s prior knowledge toriees conception by

stating:

In writing chemical equations we have to indicale tmole of each
substance (reacted equivalent?). On the other tdwad do you think the
ratio is in terms of mass (in gram units) or ofurak. Can we indicate the
ratio of each substance in terms of mass or volufoelay we will proceed
by conducting an experiment to find the volume ehatant [reacted
equivalent?] and then use this result to write ughemical equation. {1

Classroom observation: Benja, Jul"32008)

However Benja always used questions and classigigm as a way to
uncover students’ prior knowledge. Questions weied of some students randomly,
in order to assess their prior knowledge. By usimg technique Benja could not really

know what other students, who were not asked, katgwut the current concept.
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Learning Activity

Benja believed that learning happens when studeete actively involved.
Her teaching practice emphasized attempting tolittaei the learning process for

students. Benja used questioning and hands-oritgctiv
The Use of Questioning

A main method of Benja’s instructional practice swquestioning to
engage her students. During every classroom oligamydenja started the class by
posing the problem in order to prompt studentsiscus$s the previous concept, and
then related that concept to the current conceptekample, before teaching about the
ratio of gas in terms of volume in any reactiorg sisked students to compare it with
the ratio of other substances in term of mass, wh&d been learned in the previous
class, and whether or not it obeyed the law of enrsion of mass and the law of
constant proportion. In addition, when teachinge sthways stayed with the student
until the student was able to answer the questmrectly or understand the concept

clearly.

For example, when she described the use of quésgias helping to
conclude the experimental result of the study ef tbaction between lead (ll) nitrate

and potassium iodide, she said: :

For today it was so slow because the fact thatettperimental result was in
error created problems for the conclusion. Howevernanaged to keep the
learning activity going. | asked them a lot of dimss in order to help them
arrive at a conclusion. | used questions to hegmtisee what the result really
should be, and they eventually could explain ande gieasons for the

conclusion. (% Interview: Benja, Aug %, 2008)

She described the way she asked questions ofrgtudeher class, as

well as the reason for using questioning:
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In general | primarily pose the questions and et think about them. The
discussion of the questions posed will be linkedh® content being taught.
When | teach | use explanations and encourage rdtideconclude the lesson
together. | myself like this way of teaching. ltcenrages thinking all the time.
(1% Interview: Benja, Jul 30 2008)

In addition she described encouraging studenicatitthinking and
inquiry by asking them thoughtful, open-ended qgoest and encouraged them to ask
guestions of each other as well as of their tea@®iee not only encouraged students to
respond to questioning, but also encouraged conuation between the teacher and
the students and also between the students thezsselv

When | use questioning or whatever, naturally sttslecan answer either
rightly or wrongly. | should address any weak psinthich remain as a result
of their failure to understand. | always allow th&ntalk, but it is not nonsense
talking. On the other hand | tell them: do not kegpet when | am teaching.
They should both question the teacher and ansveetetficher’'s questions. If
they have questions, | allow them to ask me imntebjia(1™ Interview: Benja,
Aug 1%, 2008)

The Opportunity to Doing Hands-On Activity

In her classroom, Benja thought it was importaninclude hands-on
activities to capture student interest and helplestts make sense of the material they
were learning. She described how doing hands-anitgclike the experiment could
help students arrive at a better understanding:dWitan see is that they can explain
the results of the experiment correctly; when | Hsdm for reasons, they can provide
them to me.” (¥ Interview: Benja, Aug %, 2008)

Typically when using hands-on activity, Benja tdrthe lesson by
reviewing the previous concept as a warm-up agtiasking students to explain the
problem posed. For example, in order to write clvaméquations, the students were

prompted to think of the relationship in terms oblen of reactants and products
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presented in each equation. After discussion, ahgecup with the conclusion that the
simplest ratio of the number of moles of reactamtd products in a chemical reaction
was constant in the same reaction. She asked gogsth prompt students to prove
whether the other reactions presented relied onctimstant ratio of the number of
moles of reactants and products in the chemicahtemu She told students what they
were going to prove about the mole ratio of redastaBtudents were asked to discuss
how to design the experiment’s procedure. Instdaalsking students to write out the
aim of the experiment, construct a hypothesis ef éiperiment, create variables of
study, or write out the laboratory experiment befdoing the experiment, she asked
students to write it out later as part of their leovork. After students had shared orally
their ideas about their procedure, she immedidteld them view the experimental
procedure in the chemistry textbook. She explaihedab procedure and what was to
be observed. Next, students were allowed to doeiperiment. Because there was
insufficient time to fully conclude the experime®enja had students record all data
and asked them to discuss it during the next clgss. the second time in this
experiment, Benja asked each group to share thsults by filling in a table which
was to be used for class discussion. Before BewjdHe class to make a conclusion on
the results, she asked students for the aims oéxperiment, the hypothesis, and the
procedure. She justified asking about the aimsheféxperiment and the hypotheses
after doing the experiment thus:

When | teach | think that if somebody does not usi@dad initially, 1 should
lead them to do the experiment first. When theyfimished, | will lead them to
discuss the aims, hypotheses, and variables latsrause when they have
already done the experiment, they would know wlsatthe hypothesis or
variable because | discuss and explain with stedainbut the aims, hypothesis
and the conclusion before | ask them to write #q@ort and hand it in to me. |
purposely want them to write the report correcp that | do not have
problems with their results and reports. On theeotiand if | do not discuss
with them and agree with their conclusions, | miphve problems correcting

their reports. (?j Interview: Benja, Aug 3, 2008)
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As she described it, the problem with using a tatmyy as part of the
teaching practice in her class was that typicdllglents arrived at the laboratory to do
an experiment without a clear idea of the procedtire problem of what they were
studying, the aims of the experiment, the hypothesnd the variables. Benja often
discussed with students, after the laboratory amthg the write up of the report, just

what it was they had been doing in the experiment.

Social Interaction in Classroom

The Group Work in Classroom

Benja believed that cooperative learning workest véhen group size
was smaller. In her classroom, students were tifpiggouped in clusters of five
students who sat at the same table. Benja encalfage-to-face interaction within
groups, in the form of encouraging, supporting,aesisting each other, in order to

ensure the success of group members.

Typically, there were two group formats in Benjatdassroom,
depending on the purpose of the activity: infortealning groups and formal learning
groups. Informal learning groups were initiated wigenja asked students to turn to a
neighbor in the same group and spend a short tisteigking a question she had posed.
In some periods the informal groups were formedtloke students to search for
information in the textbook and to solve a problposed. Benja always organized
informal groups any time when discussing and hatongo assignments.

On other hand the formal learning groups of fiveidents were
sometimes established to have students complatedkks, including performing a lab
experiment and writing a report. She describednmhg to organize students into groups

that revealed what she considered necessary taipegstudent groups:

| organize them actually by ability but in geneydhey are at the same level of
ability. So | give them freedom to organize thewnogroups. However |
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consider social concerns and so | also suggedtetm that they should have
both male and female students in the same grodpinggrview: Benja, Jul
30th, 2008)

She described her reason for allowing studenisadik together as the

way to develop thinking skills and eventually thigwe understanding:

When | have them work together | think it is gocetause they can help each
other, think together, and fulfill each other. ltid#&ion when their pair work is
done they can go and share it with others, to coenpad contrast. In this way
they can get diverse answers. This make them thakt the difference. This
way, | think, is better than just listening to tteacher.” (1% Interview: Benja,
Jul 30th, 2008)

Even though Benja promoted cooperative learningeinclassroom she
did not devote much of her time to preparing thesdam for cooperative learning. She
just solved her problem at hand by assigning stisdenwork in groups when she saw
that students could not answer her question orr twn. In the groups, students

answered each other’s questions and worked toge&thieach a common goal.

To organize students into groups, she did not take much
consideration the different learning skills, pemdres and gender types. The groups
were arranged freely by students, in line with hedief that they were not of
significantly different learning capabilities. Afgards the effectiveness of group
learning, she had no chance to discuss speciakraegroblems with students about
group learning. In addition, students had no chatocexpress their feelings about
beneficial and unhelpful aspects of the group learractivities in order to correct
unwanted behavior and celebrate successful outcombe group work.
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Learning Assessment

In Benja’s classroom there were three learningssssent methods, consisting
of students’ answering questions, being observeldsabmitting reports. The functions
of the assessment were to diagnose learning prebkenencourage better learning, and

to evaluate learning achievement.

The Use of Observation

One of the obvious ways to assess learning wasighr observation of
student behavior, as when Benja walked aroundl#ss.cBenja used observation to see
how students dealt with problem solving and therhing difficulties, how they
interacted with other students, and what their \sthébits were. The student’s
performance was marked down in terms of both pasiind negative aspectShe
explained that she used observation as one ass#ssnehod by talking to the

students, walking around and observing what stwdeste doing and achieving:

| measured in overview such factors as attitudeooperation. | practically had
no assessment tool in checking students’ behabidr] simply observed how
they worked in their group, whether they worked peratively and shared
together. When conducting the experiment, | obsernwdether they did it
according to the right procedure. | would give thamscore for doing the
experiment and writing up the experimental rep8roup work was considered
as an affective domain which | checked every tim@aught. However both
observation and students’ reports did not providgewith adequate information
about student learning outcomes because it wasaopbrt of the assessment.”
(4™ Interview, Benja, Aug 28th, 2008)

Observation was used as a part of Benja’'s assessmaed was
intertwined with the learning process so that dvded information as to the success

of the students’ learning.
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The Use of Questioning

Benja probed student’s understanding and reagonthrough
guestioning. Throughout a lecture and the teacheqfdanation of a topic, she posed
guestions, and students were asked to pair offwaor# in groups and to respond to a
qguestion. The students were asked to show eitheir #olutions or conceptual
understanding, and to submit it to class discusssdre used this method to encourage
students to share their comprehension of and viewgon course material. As well,
she used this method to encourage students togmmobblve in order to answer a
guestion or address an issue. She also emphasieegréater importance of creating
better questions, rather than just getting thetragiswers, to prompt student thinking.
The assessment tools were varied and embraced utiple facets of learning based
on each student's pace. Similar to observations tmethod of assessment was

intertwined with classroom teaching and learnintivaes.

The Use of Student Reports

Aiming at assessing students scientific skillsnjBeasked students to
write up the lab report of every experiment. Sheleasized student work that needed
to be systematically reviewed for evidence of sesfid learning. Therefore she asked
students to write lab reports which contained tbkoding aspects: title; aim of
experiments; hypothesis; chemicals and materialsthods which provided a full
account of the experimental procedures; resulthvimcluded all the experimental
results, with appropriate graphs or tables; andcudision which contained the
interpretation of the results in the light of cumr&knowledge of the subject and drew

appropriate conclusions.

The assessment of the lab report was based otedlher’'s judgment,
with no criteria or directions given. As the teachas the only person to assess these
reports, she always discussed with students so asath agreement with them as to
the composition of the lab report, and student& toate of what the teacher had said
before writing their own report. Therefore almodét tae reports of every group of
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students were quite similar. Benja reasoned thatrgeded to discuss with students
about the detail of the experiment, which woulddagressed in the lab report. Thus
they were able to write correctly as much as trmylcc On the other hand, if she did
not tell them the details to write up, they wouldnme up with diverse answers or
explanations that she could not correct for thehis Thethod and the reason she gave
for it revealed that the assessment tool and assegsnethods were not consistent and
that she could not fully assess whether studeatl/renderstood.

Teacher Roles

As a classroom teacher, Benja played various fialéise facilitation of student

learning.

The Information Provider

Although this study has shown that Benja used owuariteaching
methods, she did present some of her material plaeation. She used explanation for
presenting information which was new information, garticular factual information
which was not readily available to students frosewlhere, or material that was too
complex for students to grasp on their own. Ingractice, she acted as an information
provider to provide summarizations of conceptidosgdraw together diverse elements
and to show connections between concepts. Howdueng her explanation, she used
examples and illustrations to assist with explamgtiand incorporated brief
discussions, and question-and-answer sessionfentexplanation to support students’

engagement in learning activity and to promote wstdeding.

The Learning Facilitator

In Benja’s classroom, students’ understanding waproduct of the
combined efforts of the teacher and the studerdsjaBacted primarily as a facilitator.
Benja considered various factors as she provided developed the learning
opportunities to facilitate student learning. Bemjaced considerable emphasis on
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getting to know individual student capabilitiesdtigh using questioning to establish
students’ prior knowledge and in order to addrédssrtincomplete understanding.
During the learning process, her means of fadtitaiearning were: involving the

students in the learning activities, questioningtehing and providing feedback,
establishing guidelines for the learning processl monitoring the learning process.
Under the guidance of the teacher, the studentthestzed the gathered information
using problem solving, critical thinking, and inquskills.

To involve the students in the learning activitiBsnja ensured that they
were active in their own learning, whether thatwatgt was physically doing something
such as an experiment, or intellectually doing shimg such as analyzing and
concluding the experiment. The students were ableotlaborate with others in the
learning process; the students were able to sHapdetirning process so as to have
some control over what was learned and the dineaifathe learningBenja described
how she facilitated learning by asking studentsstjaes and dealing with their

responses:

When | use questioning or whatever, naturally sttslecan explain either
rightly or wrongly. Whichever way they answer, bsid inform them whether
their answer is right or wrong, and explain the kvpaints which indicate that

they do not fully understand the material“(@terview: Benja, Aug %, 2008)

She gave an example of one lesson in which sheteahing about
chemical equations, and during which she used aflquiestions to help students reach

a conclusion and prompt them to think:

It was so slow today because the experimentaltresd in error, which made
it difficult to arrive at a conclusion. | asked the lot of questions in order to
help them reach a conclusion. | used questioningelp them see what the
result really should be, and as a result they exdiyt could explain and give
reasons for the conclusion. Teaching was not @ilyng them the facts. On the
other hand | told them they should not keep quieénvl was teaching. They
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should both ask questions of the teacher and antheequestions posed."f2
Interview: Benja, Aug ¥, 2008)

In brief, to the end of facilitating student leug, Benja accepted her
responsibility to know the capabilities of her stats and to improve any incomplete
understanding they might have of the material patheir learning a new concept. To
this end she involved the students in the learrantyvities through both physical
hands-on and intellectually engaged activities. wedl, she provided feedback and

established guidelines to help students succegsfoificlude the learning process.

The Learning Assessor

In order to get to know the student before teaglamew concept, the
student’s level of understanding was assessed amans of developing learning
opportunities. Benja took her role as learning ssse seriously, designing simple
assessments of what students already knew, and asah questioning as a bridge to
what she wanted students to learn. The students sa&ected randomly and asked

about what they knew on the current concept:

To assess students’ learning during the learninggss, Benja designed
the assessment tools to test students’ learnimfiding questions to assess student
understanding of the concepts. In addition, she afservation to assess student skills
and attitudes. Benja described her practice abowt $he assessed student’s learning

through her observations:

| emphasized content and activity when | choseniegrassessment methods. |
myself created the criteria for learning assessniemias based on what | was
measuring: conceptual understanding; skill; otwde. | measured in overview
such factors as attitude or cooperation. | hadixedfplan but | observed how
they worked together in their group, whether theyrked cooperatively or

shared together. When conducting the experimertisérved whether they did

it with the right procedure. |1 would give them aosz for conducting the
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experiment and writing up the experimental repBethavior in group work was
considered as an attitude domain, which | checkestyetime | taught. (4
Interview: Benja, Aug 28 2008)

The results of assessment were rarely revealeuitents because of
time constraints. However, the key concepts, whigre assessed by means of a
written exercise, were clarified through class dsston and by giving the key answer
to the students. In this way students could knoaualthe result of their assessment at
once. In brief, as regards learning assessmenjaBeok two main responsibilities:
designing the assessment tools, and assessinghstiedening including conceptual
understanding, skills, and attitudes.

Summary

In summary, in Benja’s classroom, understandingecéoth from the teacher
and from students’ participation in questioning arahds- on activity. Benja acted
primarily as a facilitator. Benja considered vasotactors as she provided and
developed the opportunities to facilitate studesarhing. Benja placed considerable
emphasis on getting to know student capabilitiesuph using questioning to establish
students’ prior knowledge, before linking it to thew concept. However, in her use of
guestions for assessment, the prior knowledge bf mme students was uncovered.
Under the guidance of the teacher acted as fdoiljtatudents had an opportunity to
talk and do simply group work together, without stamt teacher monitoring. Benja
also facilitated learning activities by providingedback or correction when questions
from student arose. As regards learning assessrBemija fulfilled her role as an
assessor who evaluated student learning in all d@nand who aimed to diagnose
learning problems, encourage better learning, amaluate learning achievement.
However some assessment tools and assessment si@tkoel not consistent, which

meant that she could not fully assess whether stadeally understood.



122

Common Findings among the Three Cases

Common findings were derived from a cross-caseyarsalof the three in-
service chemistry teachers’ teaching practices.cbmemon themes that emerged in the

findings are presented below.

The Teachers Were Not Much Aware of Students’ PriolkKnowledge as a Part of

Learning Process.

Asking for prior knowledge was used to encouragéestts to think about their
understanding of the current concept, and in tauld help the teachers to shape the
knowledge and learning activities in the learnimggess. In teaching new concepts the
approaches used by these three teachers to ineddaaoncepts were different, often
consisting of some combination of two paradigmstedching: the constructivist

teaching approach and the traditional teachingcambr.

All three chemistry teachers carried out aspecttheir teaching practices in
accordance with the constructivist approach, in cWwhthey placed considerable
importance on their students’ previous experierdee} so asked about and reviewed
their students’ previously acquired knowledge sotashelp them re-shape their
understanding of previous concepts, clarifying mptete pre-existing understanding
of previous knowledge, or relating it to the newncept (Yager, 1991; Brooks and
Brooks, 1993; Windschitl, 2002; Baviskat, al., 2009. Regarding eliciting students’

prior knowledge, they still did not become very asvaf students’ prior knowledge

which was largely ignored before teaching the nenmcept. The teachers were more
concerned on giving and covering the content kndgde which made their approach
similar to traditional teaching (Ruddell, 1992). wfaver the teachers performed their
teaching practices differently, based on theirediffg backgrounds in constructivist
teaching, understanding, and experience. Benja hd® the most experienced in
teaching based on the constructivist approach, detraied her familiarity with that

approach by often asking about the relevance afestis’ prior knowledge to the new
concepts before introducing the new concept. Howelie technique she used in
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eliciting student’s prior knowledge was based amtyquestioning, and it did not cover
all students. Aree, who has some experience irhtegdased on the constructivist
approach, demonstrated in her practice that shet@é understanding of how to elicit
students’ prior knowledge. She did ask for studerisr knowledge in the case of one
topic out of all the topics covered, as was obsfuem her teaching. Even though she
asked students for prior knowledge in this case did not link students’ prior
knowledge to the new concept. In addition some tipes she asked were of minor
relevance to the new concept. Dara who has lessriexge in teaching based on the
constructivist approach, demonstrated in her practan extreme adherence to
traditional teaching, wherein she seldom used quesg and other class activities to
activate student’s prior knowledge. She placed neagbhasis on transmitting content
rather than asking for student’s prior knowledgehédp shape their understanding or
facilitates the learning activities. Before teachigvery topic she stated and wrote out

the topic titles, and followed this with giving gents content knowledge.

The Teachers Were Overly Concerned With The Studest Understandings Of

Content Knowledge Rather Than Students’ Processin@f That Knowledge.

All three chemistry teachers carried out the funéelatal purposes of organized
learning activities, and similarly sought to conveformation to students and to help
them achieve conceptual understanding. However,afigoaches to teaching were
different, often consisting of some combinationtafo paradigms of teaching: the

constructivist teaching approach and the tradititeeching approach.

Based on the constructivist teaching approach, Ane@ Benja had similar
teaching practices in which they used questionifglér, 2002; Windschitl, 2002).
However, all three teachers demonstrated that espéc¢heir practice still adhered to
the traditional teaching approach in which teachkesl absolute authority over
students’ s learning and which emphasized teadbasgd on the textbook (Huck and
Kuhn,1968; Miller and Seller, 1985). Dara who hadsl experience of teaching based
on the constructivist approach, always relied otraditional approach to teaching
through lectures and demonstrations to transmitecirat a faster pace, rather than on
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having the students actively participate in therea process (Huck and Kuhn,1968;
Miller and Seller, 1985). In her teaching, the mex tended to be passive, with the
students receiving knowledge passively and havessg lautonomy in their learning
process (Huck and Kuhn, 1968; Miller and Seller,83)9 In addition, rote
memorization often was mentioned by Dara as one& mm&thod meant to help student

learning.

Aree used teacher’'s explanations and experimerfadiitate teaching and
learning in her classroom. The information was dicgctly transmitted from teacher to
students but rather disseminated under the guidafhdbe teacher though asking
guestions and providing explanation. However, indlass, teaching and learning still
adhered to the textbook-centered traditional teerhpproach (Huck and Kuhn, 1968;
Miller and Seller, 1985). Even though laboratorpesments were included, students
were rarely encouraged to use scientific methodsotee problems relevant to their
perception of the world. She posed the problenhefexperiment as well as taught the
experimental procedure, all based on the textbsokthat students were only being
asked to do the experiment in conformity with tlestbook. After the lesson, the
knowledge was further transferred to the studdmtsugh their doing the assignment, a

task which was emphasized in Aree’s practice.

Benja incorporated class discussion into her exlans and into the
experiments as well, in order to facilitate teaghand learning in her classroom. The
bulk of information was transmitted under the guicka of the teacher to help students
construct understandings through asking questidastegards the experiments, even
though Benja allowed her students themselves tawinthem, yet typically students
arrived at the laboratory to do an experiment witheoclear idea of the main concept of
what they were studying. She exercised control osteidents in conducting the
experiment so that they conducted it based on itheepgure mentioned in the textbook
(Huck and Kuhn, 1968; Miller and Seller, 1985).
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The Teachers Encouraged Students to Learn And Worlas a Group, Which

However Did Not Support All Aspects of Cooperativd_earning.

In organizing students to learn and work in groups,three chemistry teachers
had a similar purpose, which was to encouragettigests to learn together. All three
chemistry teachers practiced their teaching basea constructivist approach in which
they tried to incorporate group learning into thelmssroom activities (Yager, 1991,
Tytler, 2002). Benja used face-to-face interactionhelp students to learn. Aree
supported cooperative learning in the form of pesiindependence in which each
member helped the others to complete their own w@®#&ra planned to use the
technique of Numbered Heads Together in her ckaagan, 1991).

However, the approaches in using group work didemaiompass all aspects of
cooperative learning in their classrooms; teachiosved students to work in groups to
reinforce concepts taught by teachers, but it ilmply students teaching students and
simply group learning activities that it was nobperative learning (Johnson, Johnson,
and Smith, 1991; Johnson and Johnson, 1987).

Dara primarily planned to group students in grogpdour to five students
based on a cooperative learning strategy, Numhbédeadis Together (Kagan, 1992). In
her practice, students were put into groups budestts learn by themselves from the
instructional material provided to the group. Studenvere assigned to work alone. She
did not emphasize on group processing that studetsnteraction to finally reach the
common goal together.

Aree primarily planned to group students in groap$our to five students, but
in her practice the students were not organizedexasected because the physical
environment was not sufficient for smaller groups. her classroom, she tried to
promote cooperative learning by encouraging pasiindependence for each group
member, with each being held responsible for hisesrown work. However the group
working by this interaction was not very effectismce some individual students did
not do much to help other members to accomplisin thek and still worked alone. The
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group did not explicitly set the stage for studetatdearn social skills. Students were
not informed about group roles such as: leaderstiggision making, and trust-
building. Only the communication skills were deve#d in actual cooperative learning,
when students did the experiment. How groups wemnetioning to achieve their tasks
was reviewed only by the teacher. In brief, thees wo real cooperative learning in her
classroom because there was no real interdependeacmdividual accountability,
responsibility only for self (Johnsorf al., 1991)In addition, the students and Aree
had no chance to discuss special needs or prohigims the group learning, in order

to correct unwanted behavior and celebrate suadessfcomes in the group.

Benja believed that cooperative learning works bgken group size was
smaller. In her classroom, students were organiziedgroups of five students. Benja
promoted face-to-face interaction to ensure stigdemderstandings by asking students
worked in pairs or in groups depending on the psepof the activity such as two-
minute discussion. Students answered each othagstigns and worked together to
reach a common goal. However she did not devotehnwoosideration to students’
background, for example, such issues as capahiiidygender, when arranging groups.
The groups were arranged freely by students, inrdance with her belief that student
learning skills did not differ all that much. Indition, she only had students to work in
group by simply discussing with somebody who sairiog when she saw that students
themselves could not answer her questions. Theoaiwf incorporating group work
into the lesson was not clearly conveyed to stugldBénja was only one who assessed
group processing how well it benefited studentresy in her class. However, the
students and Benja had no chance to discuss speads and problems of the group
work in order to correct unwanted behavior and lm@lee successful outcomes in the

group’s work.

The Teachers Used Various Assessment Methods WhiBlmphasized Only on

Cognitive Dimension of Student Learning.

The fundamental purpose of conducting assessmeom@the three chemistry

teachers was similar in evaluating student learningall domains: conceptual
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understanding, skills, and attitudes. However, tapproaches to conducting
assessments were different, consisting of two pgmagl of teaching: the constructivist
and traditional teaching approaches.

All three used some aspects of assessment appsoacmpatible with a
constructivist view of learning. They used sevdesdrning assessment methods to
assess students’ learning (Brooks and Brooks, 19d8dschitl, 2002). Benja placed
more importance on creating better questions tmptastudent thinking, rather than on
the importance of right answers. The assessmeid twere varied to embrace the
multiple facets of learning based on a studentsepd&urthermore, assessment was
intertwined with classroom activities, including egtioning and observation. The
results of assessment were used to discover amyrlgadifficulties. The functions of
the assessment were to diagnose learning problechgoaencourage better learning.
Aree used various learning assessment methods aoidg which included asking
guestions, assigning exercises, observation, artipheuchoice paper tests as the main
assessment methods. She used questioning, exeaanidedservation while teaching to
monitor and to diagnose learning problems which sbeld then address in her
teaching to encourage better learning. Dara alsteimes used observation to assess

student behavior in her class.

On the other hand, all three teachers still largginducted themselves in
accordance with traditional teaching methods whibky taught to cover all to
information prescribed in textbook. They asked ested students aiming at getting
only right answer. They assessed student learning anderstanding, which
emphasized on test which separated from teachitigtess, and emphasized only the
cognitive dimension of students’ learning outcon{dtller and Seller, 1985). In
addition, these three chemistry teachers were alikerms of their roles, in that the
individual teacher decided what to assess, howssess it, and how to respond to the

information gained through the assessment (Rudt@d?).

Dara used a work sheet that clearly delineatedigid answer from the other
answers as the main method of various learningsassnt methods (Miller and Seller,
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1985). In addition, questions were often asked wétem interacted with the students.
Dara was not very concerned as to how or why eikmawledge or the student’s
answer was obtained, but she was rather concemgdttthe right answers from the
students. The results of assessments in the otassreuch as asking questions and
answering the worksheet, were not obviously used mntonitor the students’
understandings or to encourage better learninghéRashe emphasized tests, which
were separated from teaching and learning. Ther alimensions of leaning, such as
skill or attitude, were ignored in her classroomed still adhered to tests and used
them after finishing teaching (Miller and Selle©8b). The results of the tests were
recorded and used as a commutative score for dgidaohievement. The other
dimensions of successful learning, such as skillatitude, were ignored in her
classroom. Benja still adhered to the right ansovaight report paradigm when asking
students to write up their laboratory reports (Bfiland Seller, 1985). She had already
told students how and in what manner to addresmtterial in their reports. Therefore
students used their notes to re-write their repevtsch for that reason were similar to
those of others in their group. By this method sbald not really evaluate student’s

understanding and experimental skills.

The Teachers Played Various Teaching Roles to Suppp&tudent Learning While
Retaining Considerable Authority Over Student Learnng.

The teachers played their various teaching rolesh whuch the same
fundamental purpose: to improve student achieveméney played their roles by
drawing upon constructivist principles in orderfazilitate student learning (Brooks
and Brooks, 1993). However the difference in thigiaching with regard to the
constructivist approach made them act out sombedf toles differently. Benja played
a role mainly as facilitator as well as informatiprovider. She used questioning and
hands-on activities to encourage student leardimgddition, she used questioning to
establish students’ prior knowledge and correct imepmplete understandings. Aree
acted as facilitator to provide feedback or coroectvhen questions from students had

arisen. In addition she also facilitated studeateng by creating and adopting some
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instructional materials to enable students to leaaone easily. Dara acted as resource

developer and used those materials to help stutkEats.

On the other hand these teachers continued usadfiotmal methods which
envisaged teachers as being the main informatiowiger, individual planner and
assessolHuck and Kuhn, 1968; Miller and Seller, 1985; Rufd&992).Dara in
particular adopted a traditional teaching role ihick the teacher assuming a lot of
responsibility in the learning process. She fudfillthe roles of information provider,
planer and decision maker, and assessor. In hetiggainformation primarily came
from the teacher. She used her expertise in cohktemwledge to help students make
connections, usually with the teacher talking dmel gtudents listening. When planning
the lesson, Dara acted as planner as well as decisaker for the what-and-how of the
learning process, for which she relied on the teckb The effort to get to know the
students and to understand how they processedriafmn was secondary. As regards
learning assessments, Dara usually monitored amdated students’ answers and their
work. However some students’ answers and work wetecorrected and this left them
confused. In her classroom, only the teacher aaetedssessor to evaluate student
learning (Ruddell, 1992). Aree played her rolesirdermation provider along with
being a facilitator to encourage student learnkg regards learning assessment, Aree
acted out her role as an assessor who evaluatéeinstiearning (Ruddell, 1992). In the
case of Benja, even though she played her rolaclgdtor, she mainly still focused on
the matter in the textbook (Miller and Seller, 1p8Her teaching remained strictly
based on the textbook and more concerned to adbehe school curriculum, which
affected what and how she planned teaching andifepactivity in her classroom. As
regards learning assessment, Benja, like the ttteichemistry teachers, acted as an
individual assessor to evaluate student learninthowt asking students to participate

in their learning assessment (Ruddell, 1992).

Summary

The teaching practices of these chemistry teachiekgaled that to a
considerable degree they remained tied to tradititgaching methods. These practices
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included such aspects as: (a) a lack of awareme#isegoart of the teachers eliciting of
students’ prior knowledge, which was a part of méay process; (b) a primary concern
by the teachers with the students’ understandirigsontent knowledge, rather than
focusing on students’ processing; (c) their encgemaent of the students to learn and
work as a group, which did not support all aspetisooperative learning; (d) their use
of various assessment methods which emphasized tbalyognitive dimension of
students’ learning outcomes; and (e) their assumptf various teaching roles while
retaining considerable authority over studentreey. In Chapter 5, an interesting
issue of how in-service chemistry teachers canldpvand transfer their constructivist
approach from a collaborative action research group classroom practice is
presented.



CHAPTER V

RESULTS OF PHASE Il OF THE STUDY

Overview of the Chapter

This chapter provides the results of the analy$ithe multiple data sources
used to answer the second research question, nafii¢hat is the influence of a
Collaborative Action Research project on the chémiteachers’ teaching practices
based on a constructivist approach?” The changdbkeofeachers’ teaching practices
based on the constructivist approach, the focushefaction research group, was
considered in terms of what the teachers undersamoldwhat they practiced. Within
each case of the study, personal teaching prachiaages based on the constructivist
approach and its components in the collaborativeoracresearch approach are

presented.

Throughout the second semester of 2008 academic tfea teachers were
observed in their teaching practices two times mgntduring November, 2008 to
February, 2009. The teachers were interviewed bedod after teaching each lesson.
In addition, they were asked for the lesson plasmsed on topics they were teaching.
The data were collected and teaching practices wbserved in the classrooms of
students who were studying in the science progveimch were the same groups as the

previous semester.

However, because of school activity, political ssuand the difference of
length of lesson, | was not able to collect theadatd observe teaching practice as
expected. For this reason, Dara was observed itelehing practice for five lessons.
Each lesson was allocated for 2 hours. The topbsemwed were molecular shape,
molecular polarity, properties of chloride and axicbmpounds, chemicals reactions of
elements group IA, IIA and VIIA, and law of consation of mass and law of definite
composition. Aree was observed in her teachingtipeador four lessons. Each lesson

was allocated for 3 hours. The topics observed wamés of solution concentration,
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preparation of solution, properties of solutiondarhemical equations. Benja was
observed in her teaching practice for four less&®ch lesson was allocated for 4-6
hours. The topics observed were dynamic equilibyithe relationship between
concentrations of the reactants and products a¢dnéibrium state, the electrolysis of

acid-base solutions, and the electrolysis of water.

There were three cycles of the collaborative actegearch. The activities in
each cycle consisted of one group meeting heldagetéart University, which occupied
approximately 3 hours. After the group meeting ksveansidering how each teacher
performed and changed their practice by observatioterview, and analysis of
teacher's lesson plan, 1-2 lesson a cycle basedvloet they were teaching as
mentioned earlier. The first cycle took place dgriNovember 8 to December %,
2008. The second cycle, Decemb& 8008 to January™ 2009 and the third cycle,
January 18 to March 1%, 2009). The activities in each single cycle aready
described in detail in Chapter lll. The followingcsion of this chapter presents how, in
each case, the teacher’s personal teaching pract@nged, based on the constructivist

approach.
The Case of Dara

Lesson Introduction

Way of Changing Practice in Eliciting Students’ Pror Knowledge

Regarding her understanding of prior knowledge, aDatated in the first
meeting that she felt that students’ prior knowkedeas the understanding of previous
concepts:

Prior knowledge is what students have learned éenftiimer grade level. For

example, as | watched the video of Benja’s practive questions she asked for

prior knowledge of this M grade concerned the previous concepts students had
learned in 10 grade. (¥ Group meeting: Dara, NO\}h82008)
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As Dara and the other two teachers had a limiteterstanding of student prior
knowledge, facilitator 2 and | therefore explairtedteachers that asking about prior
knowledge was eliciting how students understood dhecept we were teaching, in
order to provide teaching and learning activitisgable for students. After discussion
about the importance of prior knowledge and howeltoit student’s prior knowledge,
Dara adopted what she understood from the firstigmeeting to develop her lesson
plan. However, she still had a limited understagdof prior knowledge, as she

explained below:

| will ask students about molecular structure, agnito elicit their prior
knowledge which they have learned prior to learnihg new concept about
molecular shape. In this step | will not ask abaatiecular shape yet because
students have not learned and conducted the exgefriron this topic.

(Interview before teaching: Dara, Nov'242008)

From Dara’s explanation about her lesson planetheas not any question to
elicit prior knowledge. | suggested her that: “‘Breould ask one more question, such
as: from those molecular structures, how it takesecular shape?” (Interview before
teaching: Dara, Nov 2% 2008). However in her practice, prior to teachimgput
molecular shape, she asked students to write eutetvis structure of oxygen gaszjO
and chlorine gas (@), and then asked them to indicate a pair of edestbeing bonded
in that molecular structure. Next, Dara told studemhat they were going to study in
this class, so that students could explore theeshapmolecules by arranging the round
balloons. No question was asked about how studentterstood molecular shape

before teaching this concept.

In this first lesson, Dara still struggled withaging students’ prior knowledge
and her practice demonstrated that she did nolyresk about her students’ prior
knowledge before teaching new concept. Most questieere asked in order to review

the previous concept that students had learnetkiiqus classes.
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In the second cycle, in teaching about moleculdary, Dara still thought that
asking about a previous concept such as molechiapes was a question to elicit
students’ prior knowledge of the molecular polarigncept. One excerpt of class

observation illustrates her limited understanding:

First | would ask you which element group (in theripdic table) has the
greatest electronegativity values. Electronegatirgtthe attraction that an atom
has for shared electrons in a covalent bond . e h&ve learned (the concept of
electronegativity). This is to review your prior dmledge. (Classroom
observation: Dara, Ded"92008)

However, in the second topic of the second cyelaching about the properties
of chloride and oxide compounds, after talking witte about how to elicit prior
knowledge, she finally could develop her lessom pkeat incorporated some questions
used for eliciting students’ prior knowledge: Howo dou think when chloride
compounds are dissolved? Should they be acid, loasggutral? In her practice, she
asked these questions and in the meantime shesushdjuestions as a way to link to

new information.

Even though, in the last topic of second cycle,aDaas able to develop some
guestions to elicit students’ prior knowledge, stk did not understand clearly how to
elicit prior knowledge when she had to teach otbencepts. In the third group
meeting, Dara presented her lesson plan and thesdrane question to ask about how
to elicit prior knowledge. One excerpt of group atission in assisting Dara to
understand clearly how to ask for prior knowledigas illustrated here. The dialogue

below reveals how all teachers learned togeth#rarthird group meeting:

Dara: In this topic | talked to students about ddie® compounds. If we
had chloride compounds, how could you explain abibeir
melting points or boiling points and how about th&lubility?
For example, asking for prior knowledge, how doeslim

chloride dissolve in water?
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Benja: If 1 were you, to elicit prior knowledge @i some chloride
compounds, | would ask questions like these: Aresgh
compounds dissolved in water? How about their #cidir

alkalinity if they are dissolved in water? Are theymilar or

different?
Dara: Can | ask about melting point or boilingrg@i
Benja: Not yet. You have to conduct the experimabbut their

solubility first, and then move on to the new cqrtcéabout
melting point or boiling point).
Aree: Yes, | do agree with Benja.
(3 Group meeting: Jan 102009)

As a result of the third meeting, Dara was evehjwalle to develop questions,
and she used these questions in eliciting studgmist knowledge of the last two
lessons. In teaching reactions of the elementgaipyl, Il and VII, the questions for
eliciting students’ prior knowledge were: 1) Regagdother compounds of group | and
Il, such as the sulphate compound and the carbawatgound, what happens when
they are dissolved in water? 2) Are these compoudisiolved? In teaching the law of
conservation of mass and the law of definite comjos the questions for eliciting
students’ prior knowledge were: If there was onlgo#id precipitated without any gas
compound produced, was the mass of the reactafuseltbe reaction had taken place

equivalent to the mass of the products after thetien had taken place?

In summary, Dara gradually changed her practiceliciting students’ prior
knowledge before introducing new information. Ine tfirst semester she always
launched the class by introducing the title of kegson, and she then conveyed the
information to students by mostly using lecture melt In the second semester, in the
first meeting, she began to learn about how toothice the lesson by activating
students’ understandings of what was being taught o teaching the new concept.
However, when she adopted the principle of eligitstudents’ prior knowledge into
her practice, it was clear that she still did notlerstand and that lead to her not
providing any question or activity to elicit studg’ prior knowledge. Dara raised her
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difficulty in eliciting prior knowledge in the grqgumeeting, listened to the group
discussion, and learned from Aree’s lesson plansiptes ways of eliciting prior
knowledge. Dara later applied what she understooplan her lesson with assistance
from myself during one-on-one discussions at hbost Dara changed her practice a
bit to elicit students’ prior knowledge in that amne of two lessons a question was
raised to elicit students’ prior knowledge. Howev&ara still did not clearly
understand how to ask for prior knowledge, in caglesre there were several concepts
in one topic. She then raised this concern in hirel ineeting and she encouraged other
teachers to share their understanding. After thmumrdiscussion and one-on-one
discussion with me, Dara finally created approprigiestions to elicit students’ prior
knowledge and applied these questions in her class.

Learning Activity

Ways of Encouraging Students’ Participation in Ther Learning Process

Dara described her teaching method that: “I tabghtsing learning centers . . .
before | asked students to study in these centeasl lalready lectured them in order to
convey all information. The learning centers wesedifor reviewing what they had
learned.” (£ Group meeting: Dara, Nov'"8 2008) Dara did not know about
constructivist approach or even the teacher rogethan this approach. As she said, “I
myself actually still was not clear about the camdtivist approach. In my opinion, the
constructivist approach is students being able tmnrsarize all concepts by
themselves.” (f Group meeting: Dara, Not#82008)

After Dara first learned about the constructivigipeach in the first group
meeting, she then developed her lesson plan a&la tguteach based on this approach.
Even though we discussed how to encourage studentise construction of their
understanding before Dara taught the first lessba, still believed that conveying the
information was the most important thing: “I wilse a demonstration showing how
molecules are shaped, instead of allowing student® hands-on activity, in order to
finish the activity faster.” (Interview before tdaog: Dara, Nov 24, 2008) In her

teaching about molecular shape, the three mainroppbes provided for students to
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get involved in the learning process were: througlponding to the teacher’s

guestioning, seeing the teacher's demonstratiashdamg the exercise.

She told students what activity they were goingldoand asked one student to
read the experimental procedure from the textb&@he asked students to set out a
hypothesis: “Tying together different numbers aimd balloons will give us a different
shape?” Then she wrote the hypothesis on the biackband drew a data table to
identify key information to be recorded. Dara begdmonstrating how to tie the
balloons for the students, and then asked studeat®llowing questions regarding the
shape of the balloon tied and its angle: “If | tigo balloons together what is its
geometrical shape?” (Linear) “Is the bond angldirméar shape?” (180° bond angle)
Throughout Dara’s demonstration the students jlisterved and related to her the
balloon shapes. After the experiment she contiguakplained how to predict
molecular shape by using the Valence Shell Elec&am Repulsion Model [VSEPR].
She used questioning to prompt students to thirdutabhemical formulas of various
elements, their structures, and their moleculampshtihat matched to VSPER. To
conclude the lesson, Dara asked questions so hav® students indicate what the

molecular shapes of each element group in the giertable were.

Dara still controlled learning activity and was dyeconcerned to provide
information. What was a bit of a change from thevus semester was the fact that
Dara asked more questions to encourage studeget tavolved in activity. However
because Dara still told students the experimentatquure without any discussion,
after teaching | therefore met Dara and then weethlabout how to discuss before
conducting the experiment so as to have studemsratand clearly why they had to

conduct the experiment and follow the given praced

In second cycle, even though Dara did not shareexyerience of teaching, she
was good listener and learned from other teachmesitices how to formulate some
guestions aiming to engage students in learninyites and to assist students to
construct their understanding. After the secondignmeeting Dara demonstrated a bit
of change by putting less emphasis on conveyingrifoemation encouraging students

to think about what they were studying. During staem observation, after Dara and
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the students finished with the main concept of makr polarity, she then encouraged
the students to participate in learning activitieg asking several questions. For
example, some questions were posed when explathegnolecular polarity of the
ammonia molecule (N§), and included: 1) Who would like to draw the Nidolecular
diagram? 2) Which group of elements does nitrogaongs to? 3) How many of the
fifth group of elements can be bonded? 4) How ddids take shape? 5) How can we
draw pyramid shape? 6) Which atom does the arrant po (between N and H)? 7) Is
the NH; molecule a polar molecule? With each questionsthdents were engaged in
a dialogue and expressed their opinions, and théntaally led them to solve the

problems presented together.

Another lesson taught in the second cycle deah e properties of chloride
and oxide compounds. She used an experimental dgraban as her approach to
teaching these concepts by asking four represeatatudents to do a demonstration,
justifying this with the excuse that the classromas not appropriate for all students to
conduct the experiment. To involve students in tharning activity, she used
guestioning to challenge students to set out a thgses about acidic and alkaline
properties, to discuss what they should observe, tanask them to formulate a
conclusion to the experiment. The dialogue beloanigxample of how Dara discussed
the experimental procedure with students:

Dara: What indicator can you use for testing agidr alkalinity?

Students: Litmus paper.

Dara: How can you design a data table and whatsteshould be
recorded?

Students: The type of chemical and its solubility.

(Classroom observation: Dara, Dec!"2808)

To conclude what had been learned, Dara askedsul@ents had observed and
discussed the results to conclude the experimdrd. questions were used at the post

experimental discussion, such as: 1) From your rehsen, in how many groups can
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you group the chloride compounds? 2) Which grougphdbride compounds produced

acidic solutions? 3) Which group of chloride compdsi produced neutral solutions?

In these lessons, what obviously changed from teeipus semester and the
first lesson was that Dara asked more questionsmgldearning activity. Regarding
conducting experiment, Dara gave more opporturdtysbme students to do the class
demonstration rather than doing it alone. In additishe asked more questions during
pre-experimental discussion and during the experiateonclusion, which contrasted
with the previous semester when she only told stisdehat they were going to do and

seldom held a class discussion.

In the third cycle, Dara was primarily concernedattgiving an opportunity for
students to become involved in the learning agtisg much as possible. As she said,
“Even though I could not allow all students to coodthe experiment, | would ask for
sixteen students to take turns in the demonstrét{emterview before teaching: Dara,
Jan 12, 2009)

During classroom observation, Dara stated the akmtiea of the activity:
solubility of the IA group element compounds and folubility of IIA group element
compounds. She then asked for the hypothesis thrthey following question: “If we
mix the following solution, which is made up of koup elements compounds and IIA
group element compounds, are these solutions degasimilarly or differently?”
(Classroom observation: Dara, Ja'22009) Next, she explained how to conduct the
experiment as follows: “I need sixteen studentsdoduct this experiment.” Dara then
explained the experimental procedure and what stadeshould observe. She
encouraged students to discuss how to design tlaetalsle. At the end of the activity
she discussed what students had observed and tskeepresentative students to fill
in the data table with what they had observed. dinclude the experiment, she asked
students some questions concerning how to grougocands of groups IA and lIA by
their solubility. After the experiment the studentsre asked to do the exercises which

would help them to understand the concept morelglea
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In summary, regarding the need to encourage styshatitipation in learning
activity and assume some responsibility in theiriéng, Dara used three main
approaches consisting of: questioning, having sttsdeonduct an experiment, and
doing the exercise. Dara realized that there wewersl weaknesses in her teaching,
and she felt that she would like to improve hech&ag next time. Dara increasingly
used gquestioning which she had emphasized leg®iprevious semester or even in
the first cycle, but gave it much more emphasithm later cycles. In the second and
third cycle the questioning was more emphasizedrbefduring, and after teaching.
Regarding conducting the experiment, she increbsengcouraged students to discuss
about what they were going to study, including suobics as formulating the
hypothesis, discussing the experimental procecand/or designing the data table, as
well as making an experimental conclusion, in casitto the previous semester when
she always did those aspects by herself. Even thtdugughout the learning activity
Dara was the one main person who controlled thenileg process, a gradual change
was taking place in each cycle. In the first cyottbody was asked to get actively
involved in conducting hands-on activity. In thecaed cycle a few students were
asked to assist the teacher demonstrating the iexgr@r In the last cycle, more
students were asked to participate in conductirgekperiment. As to the exercise,
Dara had developed the exercise so as to fit @assity from the first cycle to the

third cycle, so that students could practice whaythad learned.
Social Interaction in Classroom
Journeys to Incorporate Cooperative Group Learninginto the Classroom
Regarding her understanding of cooperative learnaya stated in the first
meeting that: “As | watch Benja teaching, | thifiete is cooperative learning in her
class. Students always exchange their thoughts thiglr peers. | mean they keep

talking.” (1> Group meeting: Dara, NoJ"82008)

At the beginning, Dara had a limited understandibgut cooperative learning
or even group work. During the group meeting, featibr 2 and | introduced all
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teachers to features of cooperative learning agtand we then gave the teachers some
examples of cooperative learning activity. Aftee troup meeting, Dara adopted what
she understood to design her lesson plan. Howebher,was seriously concerned to
design group activity: how she could do this, hoany students to fit into each group,
and how much activity was appropriate for each grodfter she had discussed with
me, she eventually decided to have five to sevadesits per group to work on the
given questions. She thought students could useotiportunity to discuss and to work
together.

During the learning activity, Dara announced talstus that they had to work
as a group in doing the exercise: “Work cooperfiaad share with each other, let
you and your members compete with other groupsilllolserve whether you work
cooperatively. Discuss with your group members whatshape (of the molecular) is?”
(Classroom observation: Dara, DE€,2008) After teaching, Dara shared her view on

the students’ group learning:

That was the first time | used group work in mysslaand it was not effective
since some students still worked individually. Feorample, a group of three
students, the one who had received the questiok slwets from me, had had
to work alone, and the remainder had not takenrasgonsibility.(Interview
after teaching: Dara,"4 Dec, 2008)

In the beginning Dara tried to incorporate coopeeakearning activity into her
classroom. But some students remained working iddally. She still had difficulty in
organizing cooperative learning activity in hersseoom. The assignment as well as
worksheets and handouts were not appropriate ®mtimber of students, with the
result that some of the group members could nasscthose instructional materials. In
addition, she did not clearly inform students oé thims or procedure when using

cooperative learning activity.

As regards the problem about cooperative learnmthe second meeting, Dara
also shared her problem about group work to ounmgrtl also had the same problem
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that students did not share with each other. Sdithe&kept talking while others were
thinking and working. | mean there were two or éhstudents a group and only one
student took responsibility.” {2 Group meeting: Dara, De'62008)

In the group meeting, we discussed about the réspeduty of each group
member before asking students to do group workalse discussed how and when we
could allow students to do group work. After them®d group meeting, Dara changed
the number of students from the previous classllowafor only five students per
group. They were assigned to answer three questiires still acted as as assessor to

correct their work. The score gained would be efpua¢veryone in each group.

During one observation, Dara announced the purpbggoup work: “We do
this activity aiming to promote cooperative grouprkvin which each member has to
help each other to work and at the same time eaatlpdhas to compete with the other
groups. Each member in your group would get equakson your work.” (Classroom
observation: Dara, Ded"92008)

After teaching, Dara shared her view that evenghan a real learning context
the groups of seven or eight were formed willinghys was not what she expected. She
sensed the improvement of cooperative learningeindass, saying;Those students
now shared and worked together in their group ntioae was the case in the previous
class.” (Interview after teaching: Dara, Del, 2008) Dara further remarked that
students paid more attention than when teachingsinyg lecture, as she had used for
teaching the same concept in the previous year.

However she thought her strategy still had problemith organizing group
work. The ratio of the students to the number adsfions on the assignment was not
appropriate. Another topic which was taught in #ezond cycle was properties of
chloride and oxide compounds. Before teaching toscept, during one-on-one
discussion, Dara explained that her lesson plandvallot five students a group, like
the previous class. Dara and | also discussed alheueffectiveness of the group
activity in the previous class. What we found waat tthe ratio of the students to the
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number of questions on assignment was not appte@ia only some students in each
group took responsibility. Faced with this probleshe decided to change the number
of students in group activity by letting studentsrkvin pairs.

After her teaching, Dara described an outcome iichivbhe first asked students
to work in pairs: “They went to get the piece oppacontaining questions from me,
talked to their partners to find the answer, anenvthey were finished they came to
me and picked other questions. It seemed they likésl activity.” (Interview after
teaching: Dara, Dec 232008)

In the second cycle, Dara developed and changedprteastice to support
cooperative learning activity in her classroomstEshe organized a group that fit the
requirements of the assignment, and in which eaemminer had responsibility for their
work. Second she informed students of the aim hagtocedure of group work before
allowing students to start their work. Third, sheegented the results of learning

assessment as a group achievement to students.

In the third group meeting, Dara presented her gextivity as one choice that
the other two teachers could adopt into their ctamss: “| gave students a piece of
paper containing a question. A pair of studentstwwerme and picked one question.
After they finished answering the first questioeytttan ask for another question.™(3
Group meeting: Dara, f9Jan, 2009)

In the third cycle, she still used the same apgraa@ncouraging students to do
group work. The number of students and assignmeeats varied for each topic. Even
though she still had problems due to organizingugrovork and encouraging all
students to work cooperatively, she mentioned thange about students’ learning
together which had taken place in her class: “Stteldevoted more effort to doing the
task. The smart ones could do the task by themseind the less accomplished ones
could study and reach an understanding after stgdyie work of the smarter ones.”
(Interview after teaching: Dara, Feb®32009) In addition, Dara described, after

participation in the action research group, that Ishd a better understanding of how to
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organize students into small groups so as to helgests to take more responsibility

for their learning.

In summary, Dara, who was not familiar with cooperalearning, always had
students do individual work in the first semestne gradually learned to incorporate
cooperative learning activities into her classroddhe primarily encountered many
problems when she designed and implemented hamlgdans. The first concern was
about the number of students in a group. The secondern was about the quantity of
assignments suitable for a group. Dara had solkedet concerns every single cycle,
but no specific pattern of group work was used. &hesloped her practice to introduce
cooperative learning activity to students by firstkganizing students into groups and
having them work as a group. Secondly, in the se@yule, she developed her practice
by announcing the aim of cooperative learning, axwhg the procedure of cooperative
learning, and the results of students’ groups wadaikirdly she still used the same
approach used in the second cycle, and she alsmirted her approach to the other
two teachers as an alternative way of incorporagnmagip work into their classrooms.

Learning Assessment

Students’ Learning and a Variety of Learning Assesment Methods

At the beginning, after learning how to assesdestits in each period of time of
the first group meeting, Dara adopted her undedstgnto design her first lesson plan.
There were four main assessment methods consistfingtudents’ responding to
teacher’'s questions, students’ answering in workdshehands-on assessment, and
observation. She explained each method during seusision and before teaching the
concept of molecular shape: questioning was useddgess students’ understandings in
each period of time; before, during, and afterrdeay new concepts; worksheets were
used to assess students’ understandings of theeptsnevhen students worked as a
group and individually to indicate the moleculaaph of given chemical formulas. The
other assessment method was the hands-on assessméinth students were asked to
created 3D models of the molecule presented bygudire materials provided,
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consisting of modeling clay and stalks of matchésough this assessment method
each student was called on respectively, basedhemm student ID, and they got
different chemical formulas assigned to them by téacher. However, regarding
students’ behavior during their participation irogp activity, Dara told me after her

teaching that she did not observe whether or regt Worked cooperatively.

In the first cycle Dara developed various assessrteols and used various
assessment methods to assess students’ learniegway of using assessment tools
and methods was changed form the previous senthateshe always mentioned to use
midterm test and final test as main method to asseglents’ understanding. However
she still emphasized only conceptual knowledgeeastudents’ learning outcomes, but
she put less emphasis on thinking about ways tsasstudents learning cooperatively.
Further Dara still played only a narrow role aseassr, just judging whether students’
answers were right or wrong. However, in case stisddid not work correctly, they

were allowed to revise their work.

In the second cycle, the main assessment methaeslike the methods used in
the previous cycle, consisting of: students’ angwgerquestions in worksheets,
students’ responding to teacher’s questions, arggrehtion. In addition, Dara also
produced a test as one of the assessment methiodsur discussion before teaching
the concept of properties of chloride and oxide pounds she showed me the
guestions developed for the test. However shesstiliggled to design the test to assess
intended outcomes. Only a part of some main ideaddwbe assessed and other main
ideas ignored. For example, the questions askedalrdut acidic and alkali properties
when the compounds were dissolved in water, buetias no question asking about
the melting point and the boiling point, which wase concept she wanted students to
understand. Dara and | discussed about what shoogider in developing the
guestions for test. Dara finally modified her teéstns to be consistent with the main
concept and expected learning outcomes. In hestipeashe used only student’s
assignments to assess students’ learning. Aftehileg, Dara told me one problem in
respect of assessing students’ learnitfRpcause | was the only one who corrected
students’ work, a new problem emerged. | had toeco work for every student, which
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meant that other dimensions of learning outcomesh sas social or attitudinal
dimensions, were not much emphasized.” (Intervidi®r aeaching: Dara, Dec 23
2008)

However, Dara tried to develop the assessment metiming at understanding
what students thought of her teaching. In the sg#desson of the second cycle, she
asked students to write about what they learnea@t wiey still struggled with, or even
what they would like to recommend about her teaglpractice and learning activities

in the student’s journals, which facilitator 2 dratesented in the first group meeting.

In this second cycle, even though Dara developedihéerstanding of how to
assess students with a variety of assessment nsetblog still had difficulty assessing

other dimensions of learning such as social aniaidithal dimensions.

In the third group meeting, Dara presented soméesf students’ journals
showing what students thought of her teaching. Asudent in Dara’s class wrote, “I
understand how to prepare oxygen gas and knowgpkcation of oxygen gas . . . |
still do not understand about chloride compoundl.like conducting experiments and
would like to conduct more experiments (Dara refdient’s journal).” (3 Group
meeting: Dara, Jan 102009)

The teachers and | discussed how to use this irfomto modify the learning
activity in the next occasion. In addition, in ord® assist Dara in designing the
assessment tools, the teachers in the collaborattren research group discussed her
lesson plan and suggested to her some questiomsshioald be asked to assess

students’ understanding.

In the third cycle, Dara appeared to be trying dor@ate learning assessment
with the learning experiences she facilitated ir ttlassroom. She used, three
assessment methods consisting of questioning dwtass discussion, an individual

exercise, and a group work exercise to assessrgfidmderstandings. Throughout the
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variety of assessment methods, Dara felt that, auphis lesson, she had a better

understanding of how to assess student’s learning.

In the earlier lesson, Dara had had a problem ahdatk of time to observe
students working together. In this lesson she redisome of the students’ work, which
gave her more time to walk around the room to olesemnd guide students. Even
though she did not develop an evaluation form, plazed greater emphasis on
observing how students worked as a group, and weed she found at hand to give

students feedback.

In summary, Dara developed her understanding alsmsessment from
analyzing and discussing assessment methods wigr ohemistry teachers, facilitator
2, and I. She came to understand how to assesstegp&arning outcomes and
employed a variety of assessment methods includibgervation, questioning, hands-
on assessment, exercise or students’ works anst,airieorder to know how students
progressed rather than to judge how well they wstded the lesson. Furthermore, she

focused more on social aspects so as to encounadgEnss to work cooperatively.
Role of the Teacher
The Multiple Roles of Teacher

In the first semester the obvious role Dara actedim her class was that of
information provider. It was consistent with whaeghought of as a teacher’s role, as
she mentioned in the first meeting: “I think as emadher | have to explain the

information for students.” (1Group meeting: Dara, NoJ"82008)

In the first group meeting, facilitator 2 talked calb a teacher role in
constructivist teaching who encouraged studenthinking, and doing both minds-on
and hands-on activities. As regards her teache, bra tried to change her role,

aiming at facilitating students’ learning in heras$ by asking and responding to



148

students’ questions. After teaching the conceptofecular shape, she described her

role to help students in the class as below:

Because this is the first time for students to caahend what they have learned
by themselves, they normally rely on the teacheesmh a conclusion for them.
To have students practice making a conclusionlg theem by asking questions.

(Interview after teaching: Dara, De€,42008)

Even though Dara increasingly asked students, gulsss observation | found
that Dara was concerned to cover sufficient conimi she always answered her own
guestion if students kept quiet. This evidence dathd that Dara still played as a

facilitator or a guide less and focused more orpbiipg content knowledge.

Even though during the group meeting Dara seldoareshher experience of
her teaching, she was a good learner and listeasgfully to other teachers talking
about teacher’s roles, in the second cycle, Daedl tio help her students achieve a
better understanding of the concept taught. Sheeldpgd her practice by giving
students adequate examples, until she ascertdma¢dtudents understood the proper
ways of viewing an idea and solving a problem. Sisked various questions in
encouraging students about the concept being taught students finally arrived at
their understanding. One example of how Dara tatdd students to understand the

concept of molecular polarity is described below:

Dara: Do you need more examples?
Students: Yes, we do.
Dara: Let’s look at Ngl What group does nitrogen belong to?

Students: Fifth group.

Dara: How many bonds does the fifth group have?
Students: Three or five.

Dara: Open your book and then search for theesb&plHs.
Students: Trigonal pyramidal shape.

Dara: How can we draw this shape?
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Students: There are three bonds and a lone paledtrons.

Dara: Where does the arrow point to?

Students: Nitrogen

Dara: What is the type of nitrogen molecule, polanon-polar?
Students: Polar molecule.

(Classroom observation: Dara, D¢ 2008)

In the third cycle, Dara still played her roles ganto how she had played it in
the second cycle. She first gave the simple examptemodel as to how to calculate
the expected answer. She then presented the marplicated example. While the
students were working, she kept trying to facitteir efforts by asking questions and

giving more clues.

In summary, Dara gradually changed her role fromittiormation provider to
play the multiple roles. In the first semester, sliways acted as the information
provider who transmitted all content knowledge, atadents were asked simply to
copy what she had taught. In the second semedtdheabeginning, she tried to
facilitate students’ learning by asking more qum®ti but she still emphasized giving
content knowledge. In the second and the thirdesy@dhe remarkably changed her role
to be that of the facilitator, the motivator, oetuide by listening to students in order
to understand their thinking, by questioning thamas to encourage their thinking, and
by interacting with some students in order to see lthey comprehended the new
information or even whether they were getting ceefly and by helping students
formulate conclusions. In addition, in attemptimgahange teaching and learning for
students better understandings, Dara also actesglhes a researcher to study in what

way was suitable to her students learning in heesstbom.
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The Case of Aree
Lesson Introduction

Way of Changing Practice in Eliciting Students’ Pror Knowledge

Aree was one who rarely asked for students’ prioovkedge before
introducing the new concept. In the previous seereshe always reviewed students’
knowledge of the previous concept students hadhdéerand then she would tell them
what she was going to teach. Aree stated in tisé rireeting that: “Asking about prior
knowledge is asking about the previous conceptghatents had learned.”s(Group
meeting: Aree, Nov'8§ 2008)

Even though facilitator 2 and | had explained alasking for prior knowledge,
and we gave some examples in the first group mgetiavertheless Aree still had a
limited understanding of asking for prior knowleddgefore teaching the concept of
units of solution concentration, Aree and | had-oneone discussion. We talked about
her lesson plan wherein she posed one questiosktdoa students’ prior knowledge:
How could we identify the quantity of solute in asglution?Beyond this question, we
discussed how to formulate a question that probiatited students’ everyday life with
the given topic, and which would make it easier students to think about units of
concentration. After discussion, Aree revised tlodvdies in her lesson plan and
developed new questions which were used for elgisitudents’ prior knowledge, and
consisting of the following: 1) What does it mearhtaive a 40% concentration of juice?
2) How do you understand about saline solution ®&/dn?? 3) How could we

identify the quantity of solute in any solution?

In the beginning, Aree had a limited understandiisgto how best to elicit
students’ prior knowledge; however after learningnf the first group meeting, Aree
was able to develop questions that could ask farestts’ prior knowledge of the new
concept.
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In second meeting, Aree described the problem abedfin eliciting students’
prior knowledge in the first cycle: “Even thougtknow how to elicit students’ prior
knowledge, I still do not know how to deal both lwgtudents who already understood
the new concept and students who had no idea gheutew concept.” (¥ Group
meeting: Aree, Dec's 2008)

Furthermore, even though Aree was able to devel@stepns to elicit students’
prior knowledge in the first cycle, she still wast mble to develop others questions for

other topics. She raised her questions in the skegmup meeting that:

| really need everybody to help me whether or hetfbllowing question should
be asked for eliciting students’ prior knowledgegaling the concept of
solution preparation. This involved a preparatidnOat mol/dni of sodium
chloride, 250 cr In eliciting students’ prior knowledge, I will lashem to do a
class discussion about how to prepare this soluibout which method should
be used. (¥ Group meeting: Aree, Ded"62008)

From Aree’s questions, the group discussed hovelo lher formulate questions
for eliciting students’ prior knowledge in a simplay. Facilitator 2 clarified how to
elicit students’ prior knowledge and gave one exangb how the teachers could use
students’ everyday life as a simple way to ask esttg] such as asking about how to

prepare syrup.

After the second group meeting, Aree learned frdma suggestion from
facilitator 2, other teachers, and I. She developégsson plan that illustrated how she
elicited students’ prior knowledge prior to teatie tconcept of solution preparation.
She told me while explaining her lesson plans thatorder to ask for prior knowledge
of solution preparation, | will ask if we would pa&e the solution with particular

concentration, how we can do it.” (Interview befteaching: Aree, Dec 152008)

During class observation she used the followingstjoes to activate students to
express their understanding of how to prepare @atisat 1) If we have table salt and
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we want to make a class of saline solution, how wanmake it? 2) How can we
prepare a saline solution for a specific conceiomaand volume, such as 0.4 molfm
250 cm?

Similar to the first topic of this cycle, Aree imased her understanding and
changed her practice to elicit students’ prior kiemge before introducing the new
concept. Aree could create a set of probing questibat uncovered the students’ prior
knowledge of the topics of the melting point andlibg point of pure solvent and
solution. The questions that were developed inalgidil) How does the trend of the
boiling point of a solution such as glycerol in @tll compare to the boiling point of
the pure solvent of ethanol? 2) How do you thinkwlthe melting point of a solution
compared to the pure solvent? 3) How does thengpitioint of a solution and pure

solvent compare to the melting point of a solu@owl pure solvent?

In the second cycle, Aree could apply her undedstey; due to eliciting prior
knowledge from group meeting, to her lesson plarts leer teaching practice, both on
the topics of solution preparation and the meltpaint and boiling point of pure

solvents and solutions.

Similar to the second cycle, in the third cycle &fead a good understanding of
how to elicit students’ prior knowledge. On the itopf chemical equations, the
guestions that were developed included: 1) How alo write the relationship between
chemicals in a chemical reaction? 2) How do youeusidnd the relationship between

each chemical in a chemical equation?

In summary, Aree rarely elicited students’ priooltedge in the first semester
and she had a limited understanding of prior kndgée She developed her
understanding after learning from the first groupetmg and later discussions with me.
From the first cycle to the third cycle, she wasedao formulate many questions to
elicit students’ prior knowledge and she then Iohikehat students understood to new

learning activities.
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Learning Activity
Ways of Encouraging Students’ Participation in Ther Learning Process

Regarding teaching method, Aree described her mathod to the group,

saying:

When | asked students to conduct an experimemifially introduced the lab
procedure but | did not asked them to designedanr for the lab procedure. |
instead asked them to read from the textbook. |etones used a lecture
because students had never studied those con¢EPtSroup meeting: Aree,
Nov 8", 2008)

Aree thought that having students do some assighime giving them some
handouts and then having them summarize what thdystudied by themselves, was
one teaching method based on the constructivistoapp that she also performed in
her class. As described here, Aree had a limitetbrgtanding of teaching based on the
constructivist approach in that that she focusdg om doing hands-on activity. Similar
to Dara’s case, therefore facilitator 2 and | dssmd how to facilitate students’
construction of their understanding by having teaststrike a balance between hands-

on and minds-on activities.

After the first group meeting, she developed orssda plan on the concept of
units of solution concentration. She wrote thatihgwstudents respond to teacher’s
guestions and answer into the worksheets was thg feoa students to take

responsibility in their learning and construct thmivn meaning.

During class observation, Aree asked students aheudlefinition of each unit
of solution concentration, and then she explairexseé definitions and demonstrated
how to calculate for those concentrations. Studesmt® asked to complete some short
writing assignments explaining the concentratioftsunf given solutions as well as

explaining how to calculate the concentration afheanit. Aree had students present
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their answers to the class. During this activitye asked questions, for example: 1)
What does the question ask? 2) How much concemtratiterm of percentage by mass
does this solution have? 3) Where does the fivediath come from? Students
responded to these questions by explaining eagqh aftehe whole process. In the
meantime, the rest of the class could compare Wik with the work being presented
and they were able to comment on it. When studanssvered incompletely, she had

them revise their work.

Aree encouraged students to participate in tharnieg activities by having
them do an exercise as well as asking them som&tigns. Students were free to do
the assignment and they were allowed to share thaiks with their friends. When
asking questions, Aree was not fixed on only ggttime right answer, but rather she
emphasized students participating in discussionsasiking their own understanding.
In the first cycle, Aree changed her practice fritma first semester in that she asked
more questions aimed at activating students toktland to seek for their own
understanding rather than simply explaining to thitem information and letting them

do the exercise.

Even though Aree was able to formulate severaltipres she herself thought
that she still had a major problem asking stude®ite mentioned this problem during
the second group meeting: “I am not good at fortmudgthe questions to have students
engage in learning activity, so that consequeritigents do not pay much attention.”
(2™ Group meeting: Aree, Dec"62008) From Aree'’s problem, the group went on to
discuss how to ask questions in each period of timethe classroom. Benja
recommended that it was really important to reviéw previous knowledge before
linking it to the new concept. Facilitator 2 suggels how to question before
conducting the experiment, in that the teacher lshioet aware, in asking about the aim
of experiment, tentative result or hypothesis, amdiable, which students clearly
understood what they were doing. After conductingegiment, the teacher should
encourage students to arrive at a conclusion dsawebd apply the knowledge from the
experiment to the new situation, which was the nsap in teaching based on the
constructivist approach.
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Beyond having a problem with formulating questidinee also had a problem
with teaching by experimental method. Aree alwaysd hstudents conduct an
experiment following the given procedure in thetbeok, as was the case in the first
semester that she also mentioned in the first groapting. In this regard, Aree had
limiting understanding about encouraging studemtsdd minds-on and hands-on
activities when conducting the experiment, Areesedi her problem in the second

group meeting, saying:

| wonder if the activity | designed helps studens constructing their
understanding. In my plan | will give students haumid that address the aim of
the experiment and give the procedure. It seerali students directly how to
prepare the solution. Do you have any suggesti@f?Group meeting: Aree,
Dec 6", 2008)

During the group discussion that focused on Aregiestion, facilitator 2
explained how to formulate the questions to enageirgtudents in thinking of
preparing solution. Facilitator 2 suggested onargia as an alternative approach by

linking student everyday life to the main concept:

You might primarily ask students, how they preparaon juice. After that you
might ask students to think about how to prepasslation in the laboratory
that required a specific concentration, and abaw they would prepare the
solution if they had sufficient laboratory measgrinstruments. This is a way
to facilitate students’ construction of their ownderstanding by having them

design their own procedure."{Zroup meeting: Facilitator 2, Del 62008)

Learning from the second group meeting was theamae for Aree to modify
her lesson plan. She sequenced the activities inyaply activating students to think
about what they were going to study, and she lalleived students to do hands-on
activities. Because it was very important to revietvat students had already learned
and then link that to the new concept, Aree theesfdecided to add one learning
activity: introducing the measuring instruments.thWhis, she aimed to help students
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employ the instruments rightly, and subsequenty tivere able to prepare the solution

correctly.

During class observation, students were asked helivtirey understood some
instruments and their application. Aree then alldvetudents to try out using those
instruments, with her guidance, before preparing $iolution. After the students
understood properly how to use the measuring imgtnis, Aree gave an opportunity
for students to prepare solutions 0.1 moffdrh Sodium Hydroxide, 250 ctrand 500
cm® diluted Sodium Hydroxide 0.01 mol/dBefore preparing solution students did a
class discussion about the composition of a solutiensisting of solute and solvent,
how to calculate the amount of a solute and solueitig either 250 cfnor 500 cm
volumes, and how to prepare this solution. Aftetass discussion, and after providing
clear guidance, students were allowed to do thiwigcbased on what they planned
and managed in their own group. Then they wroterdéipert as a way to explain how

they prepared the solutions.

Another example that demonstrated that Aree alsmgdd her practice aiming
at developing students’ scientific process skilsswvhen she had students conducted
an experiment to test the boiling point and meltpognt of various pure solvents and
solutions. During class observation, Aree posedynmurestions in order to engage
students to think about the boiling points of pwavent and solution. She also
encouraged students to set out a hypothesis, émdeal them to test a hypothesis by
conducting a careful experiment. After every groups finished their work, Aree
asked about their results with such questions alkatVébout the boiling point of
alcohol and glycerol in alcohol? She reminded sttel@bout the hypothesis set out
before conducting an experiment, and encouragen tbecompare their results with
their hypothesis, to see whether it was similaviat they had predicted. She had each
group of students present their results. In casefehnd that some groups got results
unlike those of the other groups, she discusse tvém what the error was. Then she
asked various questions to help them reach a ceinaluHow does the boiling point
between pure ethanol and a solution of glyceralaohol change? Finally students and
Aree concluded the result together. In order tdyaphat students understood from the



157

experiments, they were asked to fill in their wdnbsts where it required students to
reach a conclusion about the relationship betwieeroiling point and melting point of
pure solvent and impure solvent. Students drew tbein conclusions. Aree asked
representative students of each group to preseitatvn conclusions, and finally they

were able to arrive at the same understandingeoffrthin concept.

In this second cycle, Aree also used questioninndiclass discussion and had
students doing an exercise. Aree developed hetigeany encouraging students to do
hands-on activities such as using of measuringunents. She remarkably changed
her practice by asking and encouraging studentsetoout a hypothesis and by
discussing what students were going to study, ratlaing students doing activity

following the given procedure, as was the casberprevious semester.

In the third cycle, in teaching the concept of cie@hequations and calculation
for the amount of substance in a chemical equafoee described how she developed
one activity aimed at encouraging students to tlab&ut the relationship between the

amounts of chemicals, rather than just teaching filve textbook:

| used to have students conduct an experimentl towind that the problem of
data quality and the uncertainty of their analysexame important issues.
Sometimes when doing an experiment, the resultneasis we expected and it
made students just more confused. This approachn \pitoviding the
experimental data for analysis allows students twlesstand easily the
relationship in terms of the mole of each chemicala chemical equation.
(Interview after teaching: Aree, Fel’22009)

Aree briefly described her teaching on this lessdinthe beginning students
were asked to explain the relationship between a@sin a chemical reaction. She
then encouraged them to initiate a class discussinalyzing the data of one
experiment, which was the reaction between legdititate (Pb(NQ),) and potassium
iodine (KI), consisting of five different trials d@his reaction. The Pb(N{R was fixed

with the constant volume in each trial and Kl wasied. The following questions were
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raised by Aree: 1) Which trial, that the reactam&se equally reacted, meant no more
of either Pb(NQ@). or Kl left after the reaction taken place? 2) Hdw you draw a
chemical equation to represent this reaction? 8y shuch mole of Pb(N¢)., was used

in the fourth trail ? Students responded to thasestions. They finally were able to
answer and to indicate the balanced amount of atesused in the reaction in terms

of mole after they had analyzed the data and chaig a class discussion.

As mentioned above, the data analysis was oneitgctivwhich students had
an opportunity to analyze data without conductingeal experiment. This activity
enabled students to develop thinking skills. Inthap activity in this lesson, Aree
allowed students to undertake solving stoichiomptgblems. The questions required
students to find out the quantity of reactants uased the products produced of
particular reactions by determining the ratio of #fmount of reactants (in mol) used
and products produced from a chemical equation.cldmss had a short discussion, and
then they were asked to present their answersetol#iss. Aree helped them explain by
asking questions and added in the missing points.

In summary, in order to encourage students to gpatie in learning activity
and have some responsibility in their learning \atbtis, Aree used three main
approaches: questioning during class discussionngatudents do the given exercise,
and hands-on activity. She changed her practiddah she increasingly emphasized
guestioning rather using lectures, as had beercdbe in the previous semester. As
regards doing hands-on activity, which mainly tqalace in the second cycle, she
developed her understanding in engaging studentsirik of what they were studying
rather than telling what students had to do andhasiging only hands-on activity. As
regards doing the exercise, Aree had develope@xbecise suitable for class activity,
by means of which students could practice what they learned as well as develop
their thinking skills.
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Social Interaction in Classroom

Journeys to Incorporate Cooperative Group Learninginto the Classroom

In the first group meeting, Aree had learned alibet feature of cooperative
learning suggested by both myself and facilitatoABe acknowledged that learning
should involve cooperative learning, and she theorporated group learning in her
lesson plan. She reorganized students into grooqadles than those in the previous
semester, aiming at having students learn togdifeallowing them to work more
closely together. Before teaching the concept afsuof solution concentration, Aree
and | discussed about applying the Jigsaw techrigj@mcourage cooperative learning
in her class. However due to lack of time to prepastructional materials, and lack of

time for doing the activity, she decided to hawelsnts only do pair work in their own

group.

In her class, after she guided students regardiitg of solution concentration,

she then distributed worksheets and encouragedrssitb work as a group, saying:

You have your group consisting of four students.yBo can help each other
think together. One may read the handout and otnessthink about it or ask

guestions . . . you probably study together andaie who is an expert can
explain matters to other members in your group.t@ other hand, you can
also do the exercise firstly in pairs. After yoe &inished you can discuss your
work with another pair of your group, whether ot your work is corrected.

(Classroom observation: Aree, DeG 2008)

After allowing students to work in their groups,esldescribed what she

observed to me:

It didn’t seem obvious that cooperative work halleta place in my class.
Students generally worked individually if they cdubkolve the problem
presented. Probably | did not tell them clearlyegiohow to work as a group.
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The students probably think they need not work ttegrebecause they could
keep doing their work without any help. (Interviester teaching: Aree, Dec'l
2008

In the first cycle Aree developed activities amdstiuctional materials that
enabled students to do group work but she stiliggfied to encourage students to

engage in effective group activity.

In the second group meeting Aree raised her proliterthe teacher group,
saying: “I had some problem with cooperative leagnil asked them to brain storm in
doing the exercise, but | found that they still et individually. | thought that was
because | probably did not give a clear suggestiorhow to do group work.” {2
Group meeting: Aree, Ded"62008).

Similar to other teachers faced with the problemhaoiv to apply cooperative
learning in their classroom and of how to encoursmglents to participate in group
work, facilitator 2 suggested some models of coajpe learning such as LT, STAD,
Jigsaw, or Co-Co that teachers could select anty appheir class. Again, facilitator 2
also restated information about students’ rolesthea duties while working in groups,
information which teacher should emphasize andrigleaxplain to students. In
addition, the teachers learned together how torparate group work in their class by
using Aree’s lesson plan in teaching the concegbbition preparation as a case study.
By this activity, they discussed how to group studethe sequence of group activity,
and the role of students while participating inugravork.

In the second cycle, Aree placed more emphasishenstudents’ roles in
informing the aim of cooperative learning. She yfuixpected that students would
clearly understand their duty in particular tasksgroup work: “one would take the
instruments, another would take chemicals, and hemotvould record what they
observed.” (Interview before teaching: Aree, NoV'28008) She expressed her ideas

to encourage students to work cooperatively thus:
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Another way to promote cooperative group partiégatn this activity is to tell
students before doing the experiment that thelaale to understand clearly the
procedure, and that when | ask someone in theurpgrdhey have to explain to

me what they are going to do. (Interview beforehiag: Aree, Nov 28, 2008)

As regards the importance of the students’ roleseAnrote in her lesson plan
about the concept of boiling point and melting pah pure solvent and solution that
each group members had to have their specific dutyeverybody had to observe,
record, analyze the experimental result togethaee €&ample of group work that took
place in the second cycle involved students workingn experiment about the boiling
and melting points of pure solvent and solutiongrAup of five students was working
right in front of me. They had a stand, lamp, arhKker containing water, and a
thermometer. One went to the teacher’s table tahgethemicals. While setting up the
instruments they talked to each other, saying faangple, what are we going to
(observe)? One student responded that they weng goiobserve the bubbles coming
from the capillary. The roles of each member weqgosed explicitly, in that some of
them stirred the water, and some wrote the labrtepothe meantime every one kept
their eyes on the test tube to observe the chaaigagt place. In this process, the
students communicated with each other, shared iddems, worked together, and
discussed, in order to arrive at the same undetisign

In the second cycle, Aree changed her practiceipp@t cooperative learning
activity in her classroom. She prepared instruetianaterials and learning activities
that encouraged group work. Even though she platméell students about their roles
and duties when they were working in a group, sh&act did not do that in practice.
However she allowed them to manage their own graod,she herself walked around

to observe how well they worked together.

In the third cycle, Aree also addressed cooperdéaening as one aim of the
learning activity in the chemical equations lessdhe group discussion and group
work were also emphasized in the class. As Daraiored in the third group meeting,
she encouraged students to compete with other greomething that activated student
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enthusiasm in doing group work. To adopt the ideteaching the concept of chemical
equation, Dara found competition was one approachptomote group work.
Furthermore, what had changed from the previouslesyavas that Aree now
reorganized the members of each group after Arédegalback about group activity
from students. She grouped students into new graspgy the mid-term achievement
as the criteria to group students, aiming for aed of high, middle, and low learning
capability students to ensure that it was an affedearning experience for students in
their groups. Subsequently, students had an opptytio interact and to become
tolerant of diverse viewpoints, to consider oth#rsughts and feelings in depth, and to

seek more support and clarification of others' jomss.

In summary, Aree tried to build in as many collaie opportunities for
group work as possible, including dividing studemti® small groups that facilitated
discussion while working on tasks, suggesting tmletts how to work in groups, and
sometimes using competition among groups. In aafditiree opened her mind to share
with students their points of view of learning thgih cooperative activity, and used
students’ feedback to develop teaching and learadtigity.

Learning Assessment

Students’ Learning and a Variety of Learning Assessient Methods

During the first group meeting, Aree did not shdwmew she assessed her
students, but she learned how to assess studamiig from suggestions by facilitator
2 and . We emphasized assessing students in eaich pf time, simultaneously with
teaching, and aiming to understand how well stuglentlerstand the concept and how
they progress. In addition, | also introduced othssessment tools as the means to
assess other aspects such as habits of mind, apéredive group learning. In the first
cycle, Aree developed and used various assessmettiods through a number of
assessment tools. Prior to teaching new informatgire used questioning, group
discussion, and classroom discussion as assessmegmbds to seek for students prior
knowledge about solution and concentration. Dutiing learning process, she used
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classroom discussion and students’ exercises wsadsow students understood the
lesson. At the end of the learning process, shd asgquiz in the form of a multiple
choice test to assess students’ understanding lofigo concentration. However, in
various assessment methods she placed emphasi®morhe cognitive aspect, with
assessment tools specifically designed for thip@ss. The other aspects, such as the

social dimension or habits of mind, did not recaivach assessment from her.

In the first cycle, Aree used a variety of assesgnmmethods, and she
increasingly used questioning to assess studenti€rstanding during learning activity.

But Aree still wondered how to assess studentsharalimension of learning.

In the second group meeting, Aree presented hessisent tools, including:
written questions quiz, and a scientific procest aksessment form adopted from the
IPST. She asked the members in the group meetingerfassessment tools were
suitable. In addition, because Aree had questionedefore the second meeting about
assessing students’ habits of mind and group watdraction, | therefore presented
some assessment tools such as a habits of minssassat form and group work form
to the teachers’ group as an example that teactmukl adopt in assessing their

students.

In the second cycle, Aree still used questioningcussion, and students’
exercises, as she had in the first cycle. She amsphasized observation to assess
students’ skills on using measuring instruments emaducting experiments. During
class observation in teaching the concept of swiuttoncentration, Aree always
walked around the classroom and she observed hdivstueents were working on
their tasks as a group. What she observed wastadeslp students employ measuring
instruments and conduct experiments correctly dsasdgo encourage students to work
cooperatively. Beyond students’ performances inrtagperiments, students’ reports
and presentation were also drawn upon to measudersss’ understanding of what
they had studied. In addition, in order to assebsther individual students actually
understood what they had learned, she developedepiivhich were in written format
rather than the multiple-choice type that she haeduin the previous semester and

lesson. The quiz on the topic of solution preparatequired students to explain how to
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prepare a solution in a particular concentratione Get of this quiz contained five
guestions. The tests would be distributed to eaohpy Each student could pick only
one question. Therefore nobody received the sarastign. However in fact, this quiz

was not used due to lack of time.

In this cycle, it was not just the teacher who dce a main assessor; students
were also empowered to assess the teaching aminigactivities. Students’ journals
and interviews were used as assessment tools.assegned students to write journals;
she adopted the journal form from the first meetipgesented by myself. She also
used informal interviews to ask her students tooexg their ideas, after she received
students’ journals. After she got feedback fromdstis both from journals and
interview, she told me that two main problems eradrfyom her teaching practice.
First some students thought the group work couldhatp them much because some
members of the same group did not understand sameepts they were studying.
Second, students still preferred to be fed inforomabr explanation but they did not
like to be asked questions since they felt thasguree was put on them.

In the third cycle, similar to the first two cycleshe used questioning during
class discussion, students’ worksheet answerspbservation to assess both students’
understanding and their social skills.

In summary, Aree used various types of assessmetitoals. The assessment
methods included: questioning, students’ worksciWwhincluded exercises and reports,
observation, and quizzes. In the first semesteeeAemphasized only conceptual
understanding as her students’ learning outcomesnaainly used quiz and test to
assess students’ understanding. In the first cygile, used a variety of assessment
methods, to assess students’ conceptual undenstpimdieach period of time. In the
second and the third cycle, Aree developed hermgtaleding of assessment and came
to understand more about objectives in learningdach lesson and how to assess
expected learning outcomes. She focused more amufating a quiz that could assess
actual students’ understanding, which required esitgl to explain what they
understood, and demonstrate reasoning. Aree plaoeet emphasis on assessing
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students’ understanding during learning activitiasd used what she found to help
students to learn better. Aree focused more onsth@al dimension of students’
learning as learning outcomes in the lesson. Furtbee, students were allowed to
share their ideas freely through writing studeidsirnals and in informal interviews,
on what they thought about learning activities.dgnts’ feedback was used as a part of

learning activities development in the classroom.

Roles of the Teacher

The Multiple Roles of Teacher

Teachers as facilitators, in my view, have to gsuggestions so as to help
students take the right approach to studying. Imtbay could design learning
activities and produce some handouts as guidancgtidents to learn by their
own way. Students had to practice and to summayzthemselves in order to
help construct their own understanding® Group meeting: Aree, Nov'™8
2008)

In the beginning, Aree had a limited understandafput the teacher as a
facilitator, a position which was similar to thdt@ara. After discussion of the roles of
the teacher in the first group meetigee tried to change her role by increasing her
role as a facilitator, a guide, or a motivator, ameducing her role as information
provider. During class observation, she posed guestand then guided students to
motivate them find their own answers. She also ssiggl how to answer and allowed
students to ask questions. In order to concluddegson, she asked students to present
their answers to the class, and she added morareatpin so as to fill in the missing

points.

Aree developed a new way of teaching by posing nopen ended questions,
providing instructional materials, encouraging st to initiate a classroom
discussion and giving students’ an opportunityetaise their work in order to improve

their learning.
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As regards facilitating students’ learning actiyiree expressed in the second

meeting how she changed her roles:

| previously did not emphasize enough the neecktp students construct their
understanding. | just explained the information d@hdn let them to do an
exercise. In the new practice based on the consfistcapproach when |
designed lesson plan | kept thinking how | coultpretudents in constructing

their own understanding. (2Group meeting: Aree, Ded"62008)

However, Aree still wondered what kind of questia@inge could pose to help
students attain understanding. In order to adséstdachers in their roles, Facilitator 2
used role playing as a way to introduce the teasheles as a facilitator in teaching

solution preparation:

Facilitator 2: Could you tell me what you understatout concentration?

Aree: Students have already learned about unié®méentration. Thus,
when asked about concentration such as 0.4 molafiNaCl,
they would answer there was 0.4 mol of NaCl in £.dm

Facilitator 2: How can you calculate for mol?

Aree: It comes from formula mass.

Facilitator 2: Could you tell me again how youctdhte for mol?

Aree It is calculated from mass in terms of grant divided by mass
of empirical formula. Because sodium chloride is ianic
compound, therefore we have to calculate by ugmgmpirical
formula mass.

(2" Group meeting: Dec's 2008)

From the conversation in which Facilitator 2 acksdhe teacher and Aree acted
as student, Facilitator 2 aimed to assist the tado see a concrete example of how a
teacher could encourage students in thinking asdearng, which was one practice of

the teacher as a facilitator.
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After the meeting, Aree tried to change her rolesas to facilitate student
learning. Aree walked around the room, rotated frgnoup to group and had
interaction with students. To foster discussiorhwvgitudents in the classroom, she asked
guestions until students arrived at an understgndfrthe process they were going to

do or had just concluded.

One example, after teaching the concept of solytr@paration, Aree described
her role how she facilitated and motivated studentearning that in general she used
guestioning in the class to encourage studentshitak tin giving her answer or
explanation. She let them work on their tasks fiestd if they were not able to do so
she had them work with their friends. However, liey did not understand the
procedure or did not know how to begin, she exgldithe important points for them
and had them revise their work. Finally she exm@diand corrected their work again.
She further stated that she actually would likemthi think by continuing to ask
guestions. On the contrary, she thought that ifdidenot ask them, but rather simply
told them the main concept or gave them the anseguired, that would probably

made students overly dependent, waiting on thentgao give them the right answer.

In the third cycle, acted with a multiple roles, e&r walked around the
classroom and asked questions to prompt studertksnio about their tasks, and at the
same time she provided suggestions to those whe starggling, and also checked on
quiet students. Similar to the previous cycle, als® gave everyone an opportunity to
express opinions, responded to those opinions,nagidtained open communication.
She also helped students to conclude the lessorfilledin the missing points. In
addition, throughout the three cycles, Aree acted aesearcher who was trying to use

new method in teaching aiming to help studentsTiea.

In summary, Aree gradually developed her multipées as a facilitator, a
guide, and a motivator in the meantime a teachex essearcher to search for better
learning for her students. In the first semestewas obvious that she placed most
emphasis on what students should learn based arotlon that the teacher was more a
provider and less a facilitator. After sharing Ipeint of view in the second meeting,
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she obviously developed learning activities alloyvistudents to participate more in
their learning activities. She encouraged studéemttake responsibility for and think
about what they were studying. In addition, sheo alsed what she found from

students’ feedback to develop teaching and learadtigities.

The Case of Benja

Lesson Introduction

Way of Changing Practice in Eliciting Students’ Pror Knowledge

Regarding her understanding of prior knowledge,j8stated in the first group
meeting: “l would ask for prior knowledge (to inthace the new concept). | primarily
think when | ask about prior knowledge that | woptdbably get either the right or the

»St

wrong answer (but I do not know what it is).”(Group meeting: Benja, Nov"8

2008)

Even though in the first semester Benja always Bbugjudents’ prior
knowledge before introducing the new concept she twaching, as mentioned in the
first group meeting she demonstrated that shelsddl a limited understanding of just
what prior knowledge was. Her response as to haywary one should elicit students’
prior knowledge was unclear. After | talked abouwwhto elicit students’ prior
knowledge, | had all teachers analyze the Berngéshing practice as to how she
asked her students about their prior knowledgesgards the concept of the gas ratio
in a chemical reaction. In this activity, the teachdiscussed and analyzed her practice.
Benja herself answered that she also asked foestsidprior knowledge, but she still
did not respond clearly as to what questions skedato elicit that prior knowledge.
Therefore | explained to all teachers what questbauld be asked as regards this
concept, thereby aiming to have all teachers aehtee same understanding in the

matter of asking for prior knowledge.



169

In the first lesson, Benja adopted what she undedsfrom the first group
meeting and she designed her lesson plan in theepts of chemical equilibrium
accordingly. During class observation, the follogvimuestions were asked for eliciting
students’ prior knowledge about chemical equilibriul) Does the chemical reaction
have an equilibrium state? 2) How can we prove ensbal equilibrium state in a
system? 3) Is the reaction still taking place a@ #quilibrium state, and why?
Furthermore, Benja emphasized that this previousviedge was able to help students

simply by linking what they understood to the nemmeept.

In the second group meetings, Benja did not mertimm she elicited students’
prior knowledge in her previous lesson, but she tdid about how she reviewed
students knowledge of previous concepts, and bt ¢ould facilitate students’ ability

to learn the new concept.

In the second cycle, as learned from both grouptimge Benja had a quite
clear understanding of eliciting students’ priorolutedge. During class observation
regarding the concept of equilibrium constant, Bemtroduced her lesson by
presenting the data of the reaction between hydrggs (H) and crystal of iodine £)
which produced hydrogen iodine (HI), and then sis&ed for the quantitative
relationship between the concentrations of reastand products at the equilibrium
state.

Even though Benja demonstrated that she had a gadd understanding of
eliciting prior knowledge prior to introducing th@eew concept, in the third group
meeting, she raised her questions which demondtraer continuing confusion
between asking for prior knowledge and questionimg assessing students
understanding what they already had learned, sayinthink that prior knowledge
probably is asked for after teaching. For exampie,could ask (about equilibrium) in
application of this concept to explain the newaiton. Is prior knowledge asked after
teaching? Am | right?” (8 Group meeting: Benja, Jan"1,(2009)

These demonstrate Benja’s limited understandinguialagsessing students’
understanding of the concept when she had comptegathing. It was in this meeting
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that | first detected her confusion between assgssiudents’ prior knowledge before
teaching and assessing students’ understandingeo€dncept they just had learned.
Therefore | explained to her that asking prior kiexlge aiming to assess students’
understanding while they were learning the contlegt they will learn. On the other

hand, we could assess students how they constrtioé®dunderstanding by asking

after they were completed learning that conceptei@mple, we could ask students to
explain the new situation by using that concept.

Even though Benja demonstrated a bit of confusibaut asking for prior
knowledge and assessing students understandingin yete third cycle she could
explain confidently the kind of questions that tethto the new concept and which
should be asked before teaching. For example Bm@ationed as regards eliciting

students’ prior knowledge in the topic of electsatyof acid-base solutions:

In today’s class, the main point is whether or actl and base are electrolytes
and are in an equilibrium state. Students did matvk yet whether or not the
weak acid and base were in an equilibrium staterdfbre | could ask this
guestion in eliciting students’ prior knowledgentérview after teaching: Benja,
Jan 30', 2009)

During class observation, Benja began the lessotherconcept of acid and
base by reviewing the previous concept learned.tBée asked about students’ prior
knowledge as to what linked acidic and base elbsiioto chemical equilibrium. The
following questions were asked: 1) Did you consmBether or not acid and base were
in equilibrium? 2) Which type of acid or base wasedquilibrium? 3) How much
concentration of each ion was there in acid or BageWhat could we do to find the
concentration of each ion in the acid or base? rAfitat, students began a class

discussion.

In summary, Benja understood quite well how to ielistudents’ prior
knowledge, even though she was a bit confusedkinghiow to apply the new concept.
What she developed from the previous semester weatey attention to students’
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answers. She used those answers in classroom simtig® as to engage more students
in learning. Besides the fact that she could foataeulquestions and ask for students’
prior knowledge, Benja also gained sufficient cdafice to explain what questions

were suitable to ask for eliciting student’s ptowowledge.
Learning Activity
Ways of Encouraging Students’ Participation in Ther Learning Process

In the first group meeting, Benja mentioned tha¢ sised various teaching
methods including questioning, class discussiod sometimes using lecture and
experiment. In her understanding, she thought tiet teaching was relevant to

constructivist-based teaching:

| think | always have used the inquiry approach hasgk a lot of questions. (In
my opinions teaching based on the constructivipt@ch) is teaching by using
the inquiry approach. The inquiry approach in mygbce means using

questioning. (T Group meeting: Benja, NoV'82008)

As Benja indicated above, she had a limited undedihg of teaching based on
the constructivist approach in that she believed thuestioning was the main teaching
method. Furthermore, when asking other teachersflect on Benja’s teaching, Aree
remarked that even though Benja asked a lot oftmunsswhen teaching, she did not
ask clearly to encourage students to formulatehypmothesis before conducting the
experiment. Similar to facilitator 2, she thoughatt Benja focused only on hands-on
activity and put less emphasis on minds-on actisitiAs well, Aree thought that Benja
failed to ask about the aim of the experiment, ahd not clearly discuss the
experimental procedure. These reflections from Aaed facilitator 2 revealed that
Benja still had a poor understanding as to how ricoarage students to undertake
minds-on activities aimed at developing studerisiking skills. As mentioned earlier

about teaching activities in the first two casesnjd learned from facilitator 2 and me
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how to ask questions and design learning activdiesed at supporting both hands-on

and minds-on activities.

In the first cycle, teaching the concept of chermnezpuilibrium, Benja used four
teaching approaches, consisting of questioning,laéxpg, class discussion, and
experiment. She described the way she helped gtidenstruct their understanding of
the topic as follows:

What | did for today’s class to help students etat®their own understanding
was questioning, encouraging students to partieipat a class discussion,
explaining a new conception, and allowing studéatsonduct an experiment.
All those activities were designed to prompt studéa think, to analyze, and to
link the main concepts from phase equilibrium aratusated solution
equilibrium to chemical equilibrium. (Interview aftteaching: Benja, Nov Z1
2008)

For example, before introducing the new conceputiosbemical equilibrium,
Benja asked her students several questions in twgaompt them to think about what

they were going to study:

Benja: How do we know that the reaction betweenndl & is in an

equilibrium state?

Students: There are changes to both sides of thatieq; forward and
backward.
Benja: What about of the reaction rate of botle ttorward and

backward parts?

Students: They are equal.

Benja: Why do we still find the reactants aftee tleaction has taken
place? Where do the reactants come from?

Students: They come from the reverse reaction. ptradlucts of the

forward reaction behave as reactants of the reveesstion. The



173

reaction is reversed and the reactants of the fohneaction are
produced.
(Classroom observation: Benja, Nov"'22008)

Benja further asked students that if they had a m&etion to study, how could
they test whether or not that reaction was a réergeaction and in equilibrium.
Benja asked students about the aims of the expetiged then explained the lab
procedure as suggested in the chemistry textboolueder Benja did not ask students
to formulate the hypothesis, to identify the valgsbof the experiment, and to design a
data table. After Benja explained the procedunadestts were allowed to conduct the
experiment immediately because the class time wa®sh at an end. During the
experiment, Students discussed what they had adx$eand then recorded it into the

data table.

After students had finished their experiment, thesg discussion took place.
Benja began to discuss about the aim of the exeatinmypothesis, and variables, and
after that students were asked to present thaiitréecause Benja did not discuss how
to record the data and create a data table, whelersts presented the results in their
own table, there was not sufficient informationestablish a conclusion. Benja then
erased that table and drew her own table, and dskdtle result from students. Then
the experimental result was discussed to finallychade the experiment. After Benja
had finished teaching, | talked to her about enagimg students in conducting the
experiment that in planning to conduct the expeninéthought Benja had students
read from the book as to what students had to dtheR, students should be allowed to
work together in planning what they were to stully.l observed of Benja’s practice, |
found that students did not understand, and assaltrstudents still followed the
textbook. In addition, we also discussed how shedlea class discussion before and
after conducting the experiment. In our discussioencouraged Benja to be more

aware of the need to clarify what students werdysigj.

In this first cycle, Benja tried to encourage studparticipation in their own
learning activity, which focused on challengingdsints to prove the equilibrium of
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chemical reactions through an experiment. She dpeel various questions to prompt
students to think and to discuss before condudhirgexperiment. However she did not
allow students to plan their own procedure in thespective groups. What she
developed from the previous semester was the meéidd¢uss the aim and experimental
procedure so as to help students understand wéwatwhre going to study. But Benja
allowed students to conduct the experiment witlddearly identifying the hypothesis

and variables of the experiment, just as she hae dothe previous semester. Due to
lack of time, Benja did not focus on assessing il all students understood what
they were going to study. She left students witkufficient time to plan and manage

their own procedure in their respective groups.

In the second group meeting, as regards conduttismgxperiment, Aree raised
guestions about how to initiate a discussion befloeeexperiment that would facilitate
student thinking about it. Facilitator 2 suggeste approach that teacher first asked
students about the aim of the experiment, aboubhypethesis, or any of the variables.
After students had expressed their thought, teadten should discuss with students
again what they were studying and let them writgrtbemarks on the worksheet in
order to be sure that students had the same uaddnsty of what they were studying.
As well, it could help them to remember while thegre on task. After facilitator 2's
explanation, | encouraged Benja to describe whatdsth when having students do the

experiment. Benja replied:

Before conducting the experiment, | talked abouatwie were studying, and
about the aim of the experiment. Then | would aslatwould be taken place
or changed, this question was asked aiming to f@atauhe hypothesis . . . |
asked them what we could do (for the test). Afiershing conducting the
experiment, | would give them a work sheet and théiscussed and had them
write about the hypothesis and variables togeti@herwise, they would
identify the variables incorrectly . . . howeverbélieved that my students
understood about aim, hypothesis, and variableoréettonducting the

experiment . . . Actually, | accepted facilitatds Zuggestion that we should
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have a worksheet to discuss with students whatwlesg studying, but | did not
do that. (3¢ Group meeting: Benja, De'62008)

Benja’s comments revealed that she only used arestgpning during a class
discussion and she was not aware if all studenttenstood for what they were
studying. Even | suggested that the crucial poias that the teacher had to be sure all
students understood clearly what they were stugyang Facilitator 2 also repeatedly
stressed this aspect, Benja still held her behef@ractices based on her belief.

However, in the second cycle, there was no topicteach by using an
experiment. In teaching the concept of equilibrinsonstant, Benja planned to use a
class discussion, an exercise, and group sharmtheameans to help students in the
construction of their own understanding. She dewedo various questions, and
encouraged students to explain what they understacaddition, to allow students to
apply the knowledge they had learned, Benja deeelogorksheets and keys to help
students apply and check their own results. Dudlagsroom observation, students
were allowed to discuss in their groups in ordelpécaclear about the whole process. In
order to be sure that students had participatetfully in their own learning, Benja
asked the representatives of each group to exphfenprocess of solving the given
problem to the class. In this activity, Benja adsixed questions aimed at assessing the
students’ findings, for example: 1) What is the gjien asking for? 2) What is the
equilibrium constant of this reaction? 3) How cam yrite the relationship among the
concentrations of each particle or ion in this tiesm® Then, the students responded to

each question and they explained the steps innigntie answer.

In the second cycle, Benja obviously changed herctme from the first
semester. She did produce instructional materiadsshe allowed all students to study
on their own, rather than only asking some student$ having students study only

from the textbook, as she had in the first semester

Even though in the second cycle, Benja did nothtdacusing experiments, she
still wondered about how to encourage student®talgct the experiment. In the third
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group meeting, Benja brought along her lesson manthe concept of chemical
equilibrium that she re-wrote after she had leaioedio so from the previous meeting.
However, in Benja’s presentation, | just first fauher confusion about asking for
conducting a hypothesis as she said: “I think #siting about prior knowledge is
asking for conducting a hypothesis that demonstratev students thought”¢3Group
meeting: Benja, Jan £02009). As she said, | clarified to her that wewdH first ask
about prior knowledge so as to grasp how studemtiengtood the concept before we
teach it to them. In case we conducted the expeatimee had to discuss with students
and make clear to them aim of what they were gdmgstudy. Then we had to

encourage them to formulate a tentative answeypothesis.

In the third cycle, Benja did not changed much abwr teaching method in
that she still used explanation, questioning, andegercise. She learned from the
second cycle how to balance between the teachgpkmations or questioning and
giving students the opportunity to do the exercistidents were allowed to practice
and could study themselves from the key which gaeee detail about how to solve

the problem. She described one activity in herscéessfollows:

Concerning teaching acid-base electrolysis, | enpth step by step to the
students, had them do the exercise, and finallythacth check their answers
from the key created by myself. By this method tbeyld learn, think, and take
notes after reading the key and discussing witlr thiends. (Interview after
teaching: Benja, Jan $02009)

In summary, Benja used various approaches to engiagkents in their own
learning process, and thereby she gave studentspportunity to assume some
responsibility for the results of their efforts. tine first cycle, she emphasized having
students do hands-on and minds-on activities byecing experiments. She discussed
what students were going to study and she had stsidi® the whole process based on
their plan, and allowed them to manage the promesiseir groups. However she still
was struggling in terms of discussion that cameigetonducting the experiment. In
the second and third cycle, she focused on helgtndents to reach an understanding
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through doing the exercise and participating inugraliscussion. She developed her
practice by clearly informing students about whmegtytwere going to do, and produced
handouts which helped them take an active patteir bwn learning.

Social Interaction in Classroom
Journeys to Incorporate Cooperative Group Learninginto the Classroom

During discussion in group meeting, | asked Benjaeflect on her practice
whether or not the practice supported to cooperdtarning in her classroom. Benja
expressed her view to the group, saying: “I celyalrave students working together
cooperatively. When planning and designing thepedzedure, | ask them to work in
pairs, to think and work together.”{Group meeting: Benja, Nov"82008) However,
| also asked other teachers to comment on Benjastipe that all teachers watched
from video presentation. Aree commented on Benpa&ctice by saying: “l do not
think there is much group work in Benja’s classideints just respond to the teacher’s
guestions. They rarely think together. As | seerily some students express what they
are thinking.” (£ Group meeting: Aree, NoV"82008)

As the excerpts above show, even though Benja tiichgy practice supported
cooperative learning, reflections from others sashAree revealed that Benja still did
not incorporate cooperative learning in her classroTherefore in order to help Benja
understood clearly about cooperative learning,lifator 2 and | explained and gave
the example of cooperative learning as mentionddceea the case of Dara and Aree.

In the first cycle, students were organized intougs of five students and then
they were assigned to work together. Benja plantedhave students work
cooperatively in planning and conducting the expent investigating equilibrium
systems of chemical reactions. However, this agtivias modified in using micro-
scale methods because of a classroom conditioro aunning water and sinks that
made it difficult to clean experimental instrumenBuring classroom observation,

after a discussion about the experimental procedterja immediately asked students
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to begin their experiment without introducing stot roles or giving them time to
plan their work together. Students initially stutliehe given procedure from the
textbook. However, because of using micro-scalenhods, only two or three students
could access the instruments and conduct the empetj while the others still waited
at their table to write some part of the report drav up the data table. After the class,
Benja and | discussed what we found in her clagmnjd8described the problem she
faced as regards group work in her class as follédstually | knew there should be a
leader, a leader assistant, and a secretary todréiee result. In practice, | just asked
students to carry on in their group without telliitngm what the role of each member
should be.” (Interview after teaching: Benja, Nc&#'22008)

As above, | also agreed to her that she did nothasipe student roles enough.
As she mentioned, it revealed that she still ditluraderstand clearly about students’
roles. Therefore, | talked with her and gave exammf what the roles and duties of
students in their groups should be. For exampleenwgtudents were conducting the
experiment, one student might design the data ,talether student might record the

data and so on.

Furthermore, other activities such as the discassio exercise were not
designed for group work. Benja mentioned her pmoblabout asking students’

guestions and encouraging them to work as a group:

| actually know from what facilitator 2 said thatany teachers always have
students sitting together as a group, but mosthemt still have students
working individually. But for now | don’t know howcan start asking students
guestions and let them discuss as a group. (Ieterafter teaching: Benja, Dec
8™ 2008)

However, even though she gave little opportunity $tudents to share their
ideas in this class, she thought she had changedotaetice from the previous

semester:
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As regards group activity, | gave students the oppity for a short time to

share their ideas together, even though we dichae¢ much time. However, |
thought | had students share with their peers niloa@ was the case in the
previous semester, when | seldom had studentstdgkther. (Interview after

teaching, Benja, Dec™82008)

In the first cycle, Benja designed activities fowdents to work as a group by
having students conduct group experiment but siled&d not inform them clearly
about their roles. Furthermore, she still strugdtedesign activities which encouraged
students to work together beyond simply conductamgexperiment. However, she
changed her practice from the previous semesteati@mpting to have students

working together.

In the second group meeting, as was the case gtbther two teachers, Benja
raised her problem about group work in her classhé&o member of group meeting,

saying:

| used a small scale technique so that each grotrgy one plate; that was
one reason why they could not divide up their waor&ctually planned to ask
students to divide up their work so that each memmrild have to take some
responsibility for their work. | myself also forgab sufficiently emphasize
group work. Therefore students did not work coofpesly as much as |
expected. (¥ Group meeting: Benja, Ded62008)

Because all teachers were not able to incorporaperative learning into their
classroom effectively, facilitator 2 suggested sdewhniques of cooperative learning
such as, Jigsaw or STAD, and she explained abodest roles in group work to
teachers as | mentioned already in Aree’s casejaBEBo suggested one technique to
support students’ interaction in their group. Ohalent could answer even though it
was incomplete; other students were encouragedidonsore explanation until they
could answer completely and collectively. Furtheredacilitator 2 also suggested that
there were two main student roles: the specifie rof each student such as data
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collector, manager, recorder, cleaner, and repaated the general role for all students

that they all had to work on those tasks together.

In the second cycle, in an attempting to incorpm@operative learning, and
before teaching the concept of equilibrium const&®nja and | talked together. It

became clear that she was more aware of studergpecative learning, saying:

| think the main principle of cooperative learnirgythat all students have to
work together, aiming at the group accomplishm@iierefore | create group
activities in which there are two pairs in one groand that each pair has to
work. When they are finished, all members of a grthen talk and correct their
work from the key, until all members understand ni&in concept. | will pick
only one work sheet from the group as represetativtheir efforts. (Interview
before teaching: Benja, £2Dec, 2008)

| talked to her that she would be clear what shanhby group work since she
asked only two students to do pair work. To be stilney work cooperatively, |
suggested that, after allowing students to diseuskarrive at the results, she should
randomly select one member of their group to expltheir work as a class
presentation. During class observation, Benja hadesits doing the exercise in activity
| about the equilibrium constant (K). After studemwere finished their work, she
distributed the key and students could check thegwers and discuss them in their
groups. Benja asked students to send her only moe f their work, which was the
highest scored piece of work. However she found thare was one mistake in
organizing this group activity, saying: “What | fmt to tell students was the aims of
this group work, and their respective roles in {triterview after teaching: Benja, Dec
15", 2008)

In this discussion, | also suggested to her waysencourage students’ group
work, such as telling students that she would remdelect only one piece of work
from them, either of the highest or lowest scoe,tlsat all members had to work

together and try to reach the highest score.
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In exercise Il on the lesson equilibrium const@#nja changed her practice in
that she clearly informed the group about the waricess and students’ roles in it
before having students do group work:

Two members are paired up and work together. Whan are finished you
have to select one member to be a coordinatorai tiee answer from the given
key. While you correct the answer, you have touBscabout the answers and
the main idea of the exercise, in order to arrivéha same understanding. | will
randomly select one of your works as representaifveach group. Therefore
the score of your group will depend on the workkpt Thus all members have
to help each other in order to get the highestesdaraddition the representative
one has to be able to present to the class. (C@m®spbservation: Benja, Dec
19", 2008)

In the second cycle, Benja obviously changed hactfme due an awareness of
students’ roles and the procedure in group worke 8buld organize and produce
instructional materials to support group work, eatthan asking students to simply talk

to their friends, as she had done in the previeasester or in the first cycle.

In the third group meeting, Benja presented hesdesplan for teaching the
concept of chemical equilibrium, which she had réten after she had learned more
about group work and students’ roles. She explaim®d she identified each student’s
role, and in the meantime she asked the membersapferative action research group

to consider whether she now understood the proeechirectly:

Benja: In my plan, the first student has to desifba experimental
procedure. He/she has to explain to the other reesnbow
many steps they are doing. The second studentohesntrol or
inspect whether other members conduct the expetimen
according to the right procedure. The third one esak
responsibility for presentation of the results.
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What | see in your lesson plan is that you hawe student
record data. Actually they have to record togetten’t they?
Aree: If you explain like this, it seems they wanklividually.
Benja: Actually, they all work together. As writtén lesson plan | mean
they are the head of each task, such as headafetairding.
(39 Group meeting: Benja, Jan'1,2009)

As our conversation above indicates, we acceptetgiaBeidea but in the mean
time we tried to discuss about having all teachexderstand clearly students’ specific

roles as well as the general role that all studeatsto assure together.

In the third cycle, there were no experimental\aiiéis, so the main teaching
methods that Benja used were explanation and artis&e Benja still used the same
method used in the second cycle, allowing studémtsvork as a group. During
classroom observation, students were sharing veith ether as they did before. Benja
described what occurred when students were woriintpeir tasks: “Students helped
and shared with each other. They obviously didtatk much but they did see their
peers’ work and they shared their ideas. When tedgted or cut something out of
their work, they would explain the reason to otbeerdents.” (Interview after teaching:
Benja, Jan 30, 2009).

In summary, Benja now really emphasized cooperdéaening. She designed
activities and developed instruction materials e@ort this kind of learning rather
than simply having students do individual work agaging in only a brief discussion,
as in the first semester. However, initially, i tlirst cycle she had difficulty designing
group work. Furthermore, she did not understandiabtmdent roles. After sharing her
problem and learning from other teachers in th@msg@g@roup meeting, she gradually
developed her practice in the second and thirdecigl designing activities to allow
students to work as a group. She always analyzegdrhetice to identify past mistakes,
and then used what she had learned to developrhetiqe by, for example clearly
informing students about the aims of group worleniifying students’ roles, and
explaining the required procedure when doing gnoogk.
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Learning Assessment

Students’ Learning and a Variety of Learning Assesment Methods

After learning about assessing students’ learnmghe first group meeting,
Benja planned and used four main assessment methodsisting of questioning,
observation, exercise, and student’'s reports. Séecribed how she used each

assessment method for different purposes:

In conducting an experiment, | observed how theyked with their peers, and
whether or not they were cooperating and plannaggther in harmony. | also
assessed them by asking them for an explanatiavhaf they were studying.
Regarding students’ understanding of the conceptassessed student’s
understanding by asking some of them in the clasget some sense of how
they understood the concept even though, by thitiede | still do not actually
know how all students understand. (Interview afesrching: Benja, Nov 21
2008)

When Benja talked about the learning assessmeritothetsed, | suggested to
her to ask students to write a journal, as it cdudtp her to get feedback about the
activity, rather than basing all feedback only @n bwn observation. In addition, | also
commented that her quizzes lacked criteria to assew well students understood the
concept. However, at this time we did not pay aibento this aspect since Benja
needed time to study her quizzes again. Howevegdatice, after finishing this lesson,

because of lack of time, Benja did not assess studarning by using quizzes.

In the first cycle, Benja used various assessmesthods to assess students’
learning generally in each period of time, but shi did not develop the appropriate

tools to assess individual student understandingnaed.

After learning from the second group meeting asurég how to assess student

learning in order to know how students progressanstruct their understanding, in
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second cycle Benja designed a variety of assessmethiods. Questioning was used in
different sessions of classroom activity. Firste sisked questions in order to asses
what students knew about the relationship of eachigle in an equilibrium state, and
in the meantime to review students’ previous knolgke about the chemical
equilibrium state. Second, during her explanatidnttee new concept about the
equilibrium constant, she asked questions aimede#ing students to understand
clearly what they were studying. Third, she posadstjons that required students to
summarize what they had learned, for example: 1l)atwhd you learn from the
equilibrium constant? 2) At the equilibrium stateyw did the equilibrium constant

differ between the forward reaction and the reveesetion?

Exercises were used after her explanation of the m@ncept. Students were
required to participate in learning assessmentlaying their role as assessor. Benja
distributed the key to each group and had themlctiesir answers against the answer
key. Students were allowed to make decisions ashether or not the answers were
right. Prior to checking the answers, Benja infodnséudents how to check their work:
“We will check your work together, looking at they You check a right mark with
the right answer and a cross mark with the wrorgyvan. Then you have to explain to
your peers how you gave the marks to their worklagsroom observation: Benja, Dec
19" 2008).

In order to assess individual student’s understapyditudents were asked to do
the test. The tests were written and multiple chanes. Because of lack of time, the
test was a take-home one, and students were allawvempen the textbook when
answering it. Classroom observation was anothessassent method that Benja used to
assess student’s behavior in the classroom. Whitieats were working on their tasks,
Benja walked around the room and observed closedy hstudents worked
cooperatively. Student’s journal writing was an i&@eh that emerged in the second
cycle to get student’s feedback on their learninggpess. Students were required to
write on four main questions, consisting of: 1) Whad you learned for today’s class,
2) What problems had occurred during today’s cl@s&Vhat did you like in today’s
class, 4) What did you not like in today’s claSsWhat you would like the teacher to
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change in her teaching and your learning activityis journal was adopted from the

first meeting, as presented by myself.

In summary, in the second cycle, Benja used varamsessment methods and
tools to assess how students construct understaagich meaning. She observed when
students were involved in activity; used class wiston, and tests after teaching to
assess individual student’s construction of undedihg. In addition, she also began to
use student journals as an alternative way of assm® to improve teaching and
learning activity. In this second cycle, it was aims that Benja had changed her
practice in assessing student learning by usingowarassessment methods and
continuously assessed students’ learning rathen tlist assigning tests, using
guestioning, and having students doing exerciséisariextbook, as was the case in the

previous semester.

In the third cycle, even though Benja attemptedise the same assessment
methods as in the second cycle, because of latknef she emphasized only some
assessment methods. In this cycle, she mainly wpesbtioning, exercises, and
observation. The exercises contained various duestihat required students to
demonstrate how to solve problems. Similar to theored cycle, students had the
opportunity to correct their work and were a pdragsessment process.

During classroom observation, in order to check emdect students’ answers,
Benja distributed the answer key to each group almved students to check their
work against the key. She then randomly selectezl mece of students’ work per
group to check by herself in order to convince ééthat students’ were checking the
answers in the right way. Benja described what fels@d when asking students to

participate in learning assessment:

It was nice. | had them check their answers thereselo see if their answers
were right. Then they could talk and ask for reasfam both right and wrong
answers by studying the answer key that clearlylagx@d those answers in
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detail. Thus they could learn and know what leatheowrong answer and why.

(Interview after teaching: Benja, Jan"3@009)

As mentioned, Benja clearly described how to allsiwdents to check their
work, and how students could learn from those ds: However | found that in real
classroom situations, she did not clearly inforndshts as to the role and procedure
they had to use in checking their work. Therefomudigested her to carefully inform
students about the proper procedure to check theik; otherwise they would just

check and revise their answers directly from thenaam key.

In summary, in the end Benja had a pretty good rstdeding of assessment
methods, and she used those methods to coveraatiing dimensions. Initially, she
only played a role as assessor. In the secondharttidycle she changed her practice
and developed assessment methods and tools thaedllstudents to share their ideas
on their learning activity. Her practice was comesably changed from the first
semester, when she always assessed students oglyebtioning and sometimes had

students doing exercises in the textbook.
Role of the Teacher
The Multiple Roles of the Teacher

I's my understanding that in teaching based onstantivist principles
students have to summarize totally what they haaenked without any help
from the teacher. But | oppose this idea sincenktlthat | as a teacher have to
guide them to an understanding of the concept pra@x for them. (I Group

meeting: Benja, Nov'§ 2008)

After talking about the teacher’s roles in thetfiggoup meeting, Benja learned
that guiding or facilitating students was also tkacher’s role in the constructivist

approach. In her class on the concept of chemapalikrium, during class observation
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Benja posed questions and then guided studenisddhfeir own answers. After Benja

was finished teaching, she and | talked about dleras follows:

Benja:

Benja:

Sometimes students could not answer somestignge and

therefore | have to tell them the answer even thougo not

supply all the information that | have asked thewmn fs this

teaching based on the constructivist approachteif them a part
of the answer?

Certainly, this is one role of the construcsivieacher that you
guide your students.

| have been confused if | try to teach Hame the constructivist
approach. | have believed that the teacher’'s rateprding to
this approach, is to ask students to do their owudys for

example, students conduct experiment and make usiooks by
themselves.

(Interview after teaching: Benja, Nov212008)

In this conversation, | talked about the teached& as one that either

motivated students to think or gave students afaeagpion, in the hope that this could

help Benja reach a better understanding of thesrolehe teacher in the constructivist

approach.

In the second group meeting, Benja shared her expper in attempting to be a

facilitator, saying: “Even though | have insuffintetime to ask all students in one hour,

| try to encourage almost all students to answersmas they can be proud of their
own ability.” (2" Group meeting: Benja, Ded62008).

As mentioned above, it was obvious how Benja griyledanged her role to

be a motivator and facilitator on asking and wajtfar all students’ responding rather

than to be an information provider who less empteabion asking all students as she

performed her practice in previous semester.
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In the second cycle, Benja motivated her studehisking by asking questions

until students arrived at an understanding as tatwimey were going to do. She put

more emphasis on students’ problems. She alwaykedaround the classroom and

observed how students worked. She had interagtitn students and gave students

suggestions. One example of interaction occurregihywturing class observation of the

lesson on the equilibrium constant, Benja faciitats student by using questioning

until this student could understand and answeoter question, as below:

Student:

Benja:

Student;

Benja:

Student:

Benja:

Student;
Benja:
Student:

| have a problem with the third item.

With this item you do not need to balance ¢lquation. (Benja
went to the student and looked at her sheet.)

Yes, but what | wonder is, if it is tfeviard reaction it means
the products are formed more than the reactant®\ard right?
We already have learned about the equilibrtonstant, have we
not?

Yes, if the equilibrium constant or K stamt is of a higher value
than one, the mixture will be mostly product. letk constant is
much less than one, the mixture will be mostly taaic
As you say, that means that the rate ofidad reaction is not
equal to the reverse reaction as the equilibriumtpés this what
you mean?

Yes, but actually it is equal.

So how do you explain the trend of thistiea?

Before reaching the equilibrium point thete of forward
reaction is more than the rate of reverse reaction.

(Classroom observation, Benja, Ded"12008)

Additionally, as a facilitator and teacher as aesgsher Benja developed

learning activities to support students’ group wokk she mentioned, in the first cycle

she had problems with having students doing groopkwTherefore in the second

cycle she developed the process of group workadhaived students to work in their

group cooperatively. In this activity, she cleailyformed aims of activity, and
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provided handouts which students could study byndedves and work on with their

friends.

In the third group meeting, during discussion o¢ ttoncept of compound
solubility which was one topic in Dara’s lessonrpléhe conversation below revealed

how well teachers understood the teacher’s rolésarconstructivist approach.

Benja: If 1 teach this concept | will encourage dgnts to discuss
experimental results together in analyzing theltesBecause of
one role of teacher is as a guide. It does not nwearleave
students to themselves discuss and analyze witaoythelp
from teachers. Therefore we have to ask some aqusstor
provide some suggestions.

Aree: We ask question to encourage them to thnk.I right?

Benja: Yes. For example, regarding your resultill ask students to
conclude by using this question: What about thasapounds’
solubility?

(3 Group meeting, Jan £02009)

In the third cycle, Benja not only designed leagnactivities which emphasized
asking questions to encourage students to partecipaa class discussion, using group
activity, and creating instructional materials &zifitate students’ participation in their
learning activity. In her class, Benja walked amtine classroom and asked questions
to prompt students to think, and at the same tineepsovided suggestions to those who
were faced with some problems: “I saw what studeidsexercise incorrectly such as
they did not balance equation. Therefore | hadeib them what they should do;
otherwise they would do it incorrectly.” (Intervieafter teaching: Benja, Jan "0
2009) In addition, Benja also used students’ opigito be a part of learning activity: |
have found in students’ journals that they areidfia have their mark or score reduced
if their answers are wrong. Therefore now | do ponish them by that way.”

(Interview after teaching: Benja, Jan™3@009)
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In summary, Benja gradually developed her role écabguide, a facilitator, a
motivator, and a researcher. In the previous semestven though she always
encouraged students to think by questioning andssineetimes allowed students to
carry on short discussions in their group, it wasious that she played her role as
information provider who emphasized teaching basedthe textbook and gave
insufficient time for students to think about thaterial. In this second semester, she
initially had a limited understanding about thectea’s role as one that allowed
students to search for their own results withoyt assistance from the teacher. After
discussing and sharing in the first group meetiBgnja changed her mind and then
improved her understanding of the teacher rolesdam constructivist approach.
Throughout the first cycle to the third cycle, $aeilitated students’ learning in several
ways, through multiple roles of teacher, includittte use of questioning to encourage
students in thinking, the use of discussion in rthgioup, the preparation of
instructional materials, and help in summarizing thain concept. In addition, she also
used what she found from students opinions to dgveind improve teaching and
learning activities. Benja also was a teacher @esearcher who searched for the better

way for student learning.

Common Findings among Three Cases

Common findings were derived from a cross-caseyarsalof the three in-
service chemistry teachers’ changes in their te@cpractices over the course of the
three cycles. The common themes were emerged iinitiags of teachers’ changes in
their approach to teaching as a major dimensiceathers’ professional development
in collaborative action research. Their changes tedcauses for these changes are

discussed and presented below.

The Changes in Teachers’ Understandings of How to li€iting Students’ Prior

Knowledge

The teachers changed their methods of elicitingesiticontributions, opinions
and views before introducing the lessons, and sHawere respect for students’ ideas.
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Teachers had some understanding of the importafficeli@ting students’ prior
knowledge and of attempting to select appropriag¢hods to elicit their students’ prior
knowledge. The methods used by the teachers intimdjctheir students’ prior
knowledge involved activities such as asking opathed questions or generating group
discussion as pair and group work; these were adaptsuit the particular classes that
they were teaching. Even though the three teaclere similar in terms of their
approach to eliciting students’ prior knowledgeeythwere slightly different in their
teaching practice, which depended on their backgioknowledge, their skills in
applying the new strategy, their ways of knowingd &heir working conditions in
which teachers were granted enough time to cha@g®dqon, 1997; Meyer, 2004;
Smith and Gillespie, 2007). For example, Dara stillggled with eliciting students’

prior knowledge since she did not hold an adeqc@teeption of prior knowledge.

There were several significant activities to make teachers become aware of
the role of prior knowledge in learning, and howuse students’ prior knowledge in
learning activity. In this study it involved alerg teachers to their own understanding
of students’ prior knowledge, confronting them witfternative conceptions, and
engaging them in exploratory activities to condirutew understandings and
conceptions. Most importantly, it was developmenital the sense that teachers
primarily determined their initial perception ofi@r knowledge, and they then actively
engaged in learning, practicing and sharing howy theuld use students’ prior
knowledge to facilitate students learning. The besas demonstrated that changes did
not have to emerge from an outside agency, asxemple being given information by
facilitator 2 or me; rather, teachers already pesseé what they needed to improve their
teaching. It was linked in their own minds betweghich was known about prior
knowledge and which they were coming to know byvaty participating in their own

learning.

The factors that affected the use of what was &ghiin this study were help
from colleagues (Ottoson, 1997). Teachers had dppities to construct and
reconstruct their knowledge by sharing their lesgtens, and reflecting on their
teaching experiences as well as learning from gpdaeations of both their peers and
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facilitator 2 and | about assessing prior knowledg¢he group meetings and linking
what they had learned to a real classroom setiiihg. teachers were engaged in a
continuous process of improvement, which provideg@psrt for teachers to think
through the inevitable dissonance experienced (ksttorsley et al., 2003). In
addition, discussions with me after teaching maédahe teachers to be aware of the
appropriateness of certain methods to assess $sugeior knowledge. The changes
also related to the teacher’'s confidence in explgito me, in an open and friendly

atmosphere, how they developed questions in elgcgtudents’ prior knowledge.

In summary, the teachers developed their practicedbecome aware of
students’ prior knowledge and developed assessmetiitods aimed to elicit students’
prior knowledge. They were concerned about studememplete understanding, and
helped those students to shape their understamdiftgge learning new concepts, and
then they linked students’ prior knowledge to tlsvrconcepts (Vadeboncoeur, 1997,
Baviskaret al., 2009). The factors determining how teachers gbdrcan be divided
into two agencies: the insider agency comprising tiachers themselves, and the

outsider agency consisting of their colleaguestardesearcher team.

The Changes in Teaching Strategies

The second change was in which teachers changadtédaching strategies.
They now used a mix of methods and strategies wéarhing. They had shifted from
a lecture-based approach to a constructivist-b#saching approach, which allowed
their students take more responsibility for thewno learning. Their teaching
demonstrated an emphasis on strategies, procemsgshinking with task-based or
activity-based lessons. As for materials and resesjrthere was more consideration of
a change in the availability of a much greater eaofjresources for teaching, instead of
relying on the prescribed textbooks and coveringrg@hing in them. Aree for example
added the use of measuring instruments to herdeg&ather than just having students
conduct the experiment based on the prescribetddekt the teachers created materials

chosen for their relevance to students’ currentviiets.
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Students were engaged in the process of constguttigir own understanding
of the concept being taught through hands-on detsviand the encouragement of
critical thinking. For example, the teachers pogeestions, and allowed students to set
a hypothesis to answer the questions, to discesexperimental procedure, to conduct
an experiment based on the procedure discussedp andke their own conclusion and

present it to the class.

Their changes were occurred over time in which #swiot immediate or
complete, with the collaborator or colleagues sgyvonly to initiate the process
(Freeman, 1989). Their approaches to implementhepsd teaching activities had
similarities and differences based on several factéor example, Benja focused
primarily on having students discuss the experimmaged on her oral questioning,
rather than allowing students to carry on a disoass their own group as to what
they were studying and how they should go abougitihe experiment. She strongly
believed that discussion after conducting the arpamt was the most important
method, in that students could only gain the cdrceacept from a class discussion and
conclusion. Her practice demonstrated that shendidemphasize purely intellectual
activity but students’ hands-on activities and ar@ct explanation. It has become an
accepted idea that teachers’ beliefs play an impontole in their judgments and in
shaping teachers’ characteristic patterns of ietibnal behavior in the classroom
(Pajares, 1992; Thompson, 1992). Besides, experiaiso is a necessary component of
expertise (Rich and Almozlino, 1999). For exampieDara’s classroom, even though
over the course of the project students were gimene opportunity to participate in
conducting the experiment, and more students wedwraged to participate in
conducting the experiments during class demonstrgtinevertheless she still tightly
controlled the learning activities and was concérteecover all information, as most of
her experience lay with lecturing and she had das lexperience of the constructivist
approach. Joughing (1992) proposed that some tesadteve an analytic ability to
understand a strategy and how to use it whereas t#hchers need more structure to
grasp and then apply a new strategy. The otheoraelffecting teachers’ changes were
such enabling factors as available resources, tpptes to apply what has been
learned, and sufficient time for preparation (Cttes1997).
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However, there were several reinforcing activitksich were significant to
make the teachers change their teaching stratdgidisie with the autonomy and the
responsibility of all teachers as adult learnetisis project was to provide a climate
that gave teachers the sense that they were imotaittheir own practices and that
supported them as they took systematic action fworre their circumstances (Loucks-
Horsleyet al., 2003; Collin, 2004; Stringer, 2007). In additiahis study emphasized
recurring cycles of planning, acting, observindleeting and examining their practices,
and then modified the plan and allowed them tothe& own understanding to inform
both practice and their inquiry (Oja and Smulya®89; Loucks-Horslewt al., 2003).
The teachers did not proceed in isolation, buteratiere provided with opportunities
to collaborate with colleagues and facilitators ingprove their practices (Loucks-
Horsleyet al., 2003). Collaboration provided teachers with médifferent perspectives,
and supplied them with the time and support necgssamake basic changes in their
classroom practice and their approach to profeasigroblems (Elliott, 1977).
Discussion after teaching with me as the facilitatmtivated the teachers to be aware
of the appropriateness of learning outcomes, tegclstrategies, and instructional
material for a specific content, with the goal wiproving practices (Oja and Smulyan,
1989).

In summary, the teachers developed their practibgs creating more
opportunities for students to engage in learnintyvidies through both hands-on and
mind-on activities, rather than simply the teachgvéng students the information, as
was the case in their teaching practices in theigue semester. Even though the
changes the teachers underwent were not completegasds teacher belief, teacher
experience, their way of knowing, and school caadijtthey were able to change their
practices to conform closer to the constructivigbraach. The impact of the action
research group, collaboration with other teache& @searchers as facilitators, and
reflection in recurring cycles were all significamt engineering changes in the

teachers’ teaching strategies.
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The Changes in the Teachers’ Practices regarding ¢hRole of Social Interaction

All three teachers used a variety of teaching teples to incorporate
cooperative learning into their classroom methdd&rksheets and handouts were
typically used extensively in this approach. Thacters become more aware of
cooperative learning rather than asking studentsirtgply work or teach each other.
The teachers arranged learning activities that gassi students into small
heterogeneous groups working together to achie@ranon goal of each lesson. They
tried to inform students clearly about the aimscobperative learning activities, the
procedure of cooperative learning, students’ rodes] how to assess their cooperative
group work. The teachers conducted fewer lectunesimstead made more time for a
variety of group activities. Teachers used groupkwsuch as writing assignments and
games to promote cooperative learning in theirdessThe activities in their classes
were aimed at moving closer to the basic elemehtsooperative learning: positive
interdependence, individual accountability, equakrtipipation, simultaneous
interaction, face-to-face interaction, use of srgatlup skills, and regular group
processing of current functioning to improve theup's future effectiveness (Johnson
and Johnson, 1987; Johnseiral., 1991). However, the teacher’s skill in applythg
cooperative learning methods, their analytic apila grasp new understanding, their
opportunity to apply what they had been learnedl e students skills to work in
group affected the success of their integration oboperative learning into their
classroom procedure (Ottoson, 1997; Zakaria andnlk007). For example, even
though Dara tried to apply many approaches in h&ssc students were often not
willing to perform in accordance with her suggessicsince they were used to being

purely passive learners.

Even though their instructional changes were notnmete, they did
demonstrate that major changes had occurred ower. tbignificance in helping the
teachers understand the feature of cooperativaifepivas the instruction from both |
as a facilitator and the other members of collalieaaction research group about
cooperative learning activity. The activities inr@roup meetings were conducted in a
learning atmosphere and aimed to support all mesrbeough cooperative learning as
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a way to learn together to reach the common goalesching based on the
constructivist approach. Regarding constructitigory, the teacher as learner was
viewed as an active agent of learning that couddnléhrough social interaction. From
this interaction, the teachers constructed theim aweanings (Vygostky, 1978).
Collaboration was one of the key tenets of actiesearch which allowed for mutual
understanding, democratic decision making, and compractice (Carr and Kemmis,
1986; Oja and Smulyan, 1989). In the learning aphege of this study, a experience
teacher in cooperative learning such as Benja vdmefited from having to formulate
her thoughts and knowledge into concepts underatdaedto others, while an less
experienced teacher in cooperative learning suchDasa benefited from the
explanations of their peers, and was thereby hetpedestructure and deepen her
understanding. Besides group meetings, teachersrimot teaching with the new
approach and reflected on their practices thatdcdwdlp them to learn more about

integrating cooperative learning into their classno

In summary, the teachers changed their practicesdating more opportunities
for students to engage in learning activities tlgfowooperative learning rather than
simply sitting in group and work individually sues had characterized their teaching
practices in the previous semester. Even thoughcHanges of teachers were not
complete depending on teacher experience, waysaivikg, the nature of students,
and school conditions, the teachers were nevegbeble to incorporate significant
aspects of cooperative learning into their classrqmocedure. Experience with the
action research group, collaboration with othecleas and researchers as facilitators,
and discussion after teaching with me, were sigaifi factors in changing the

teachers’ teaching strategies in each cycle ofstiuidy.

The Changes in Teachers’ Strategies to Assess Statg Learning

All three teachers used two types of assessmensdess students’ learning:
formative and summative. Formative assessment matwuring learning activities. It
included class discussion, questioning, observaggaercises and reports. Summative

assessment occurred in the form of midterm and &raminations. Even though the
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teachers still used exams and tests to assesstudehievements based on school
policy, they also developed other assessment gieatevhich balanced formative and
summative assessment. They tried using more caniguassessment, attempted to
predict students’ difficulties, and used assessmasnta basis for improving teaching
and helping students (Loucks-Horsletyal., 2003). The methods were mostly simple,
non-graded, and included in-class activities thavegboth the teachers and their
students’ useful feedback on their teaching andchieg activities. The teachers used
assessment each day as short-term feedback aleolgaitming and teaching process,
and then they used that information to plan bd#arning activities and restructure

their teaching.Furthermore, students were asked to be involvethén assessment

process, which provided the teachers with inforaraton the effectiveness of the

learning activities that they had designed foringieir classrooms.

Analyzing their lesson plans together during groogetings and discussions,
and talking about their teaching with me were digant activities that helped the
teachers become aware of the need to use formasisessment for determining how
students learned. Collaborative action researchadded that teachers plan, act,
observe, and reflect on their practice so as torong their understanding, and that
practice took place in the context of a classroettirgy (Collins, 2004). Teachers had
the opportunity to develop immediate and deeplgvwaht understandings of their
situation after receiving feedback, and this lednthto be involved actively in the

process of dealing with those problems (String@6,72.

In summary, all teachers changed their practices tdustrategies to assess
students’ learning by using a variety of assessm@thods and tools that emphasized
various dimensions, rather than merely the cogmitivmension as was the case in their
practice of the previous semester. Participatiothénteachers’ group, discussions with
me, and active involvement in their classroom pecactvere the main influences

leading to these changes.
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The Changes in Teachers’ Roles

There was change in the role of the teacher to lgride, a facilitator, a
motivator, and a resource person for learning. Tdechers became aware that an
important part of organizing the learning activityjwd creating an environment to
support student understanding could be achievedHhanging their role to play a
multiple roles rather than simply a transmitterrdbrmation. They coached, prompted,
and helped students to develop and to assessuheerstanding, and thereby their
learning. The teachers adapted their role fromdhan information provider where the
teachers gave a didactic lecture that dutifullyezed the subject matter, to that of a
facilitator where the teachers helped the studdntsachieve his or her own
understanding of the content. With a multiple rplds®ey asked more open ended
guestions, provided guidelines, created the enmient for the students to arrive at his
or her conclusion, helped the students in desgibimat they were experiencing
without demanding one patrticular explanation, desigways for students to do both
hands-on and mind-on activities, provided resoyrcegncouraged students to
participate in classroom discussion, and gave ststdan opportunity to revise their
work in order to improve their learning results @&ks and Bellamy, 1999; Windschitl,
2002; Vighnarajah, Luan, and Bakar, 2008). Theadtshifting students from a passive
role to an active role in their teaching and legractivities.

The teachers benefited from the accumulated uratetstg that was the result
of reflection on past practice and experience dutire interactions and discussion in
the action research group meetings. Facilitaton@ laattempted to model these roles
by acting during group meetings. In the contextthefr classrooms, the teachers asked
guestions and gathered information that continedhape their practices, and then
they applied what they discovered to subsequerdsidam teaching and learning
activities. The teachers took a special interedtdlping a student optimize a learning

experience and assisted the student's socializétiongh cooperative learning.

In summary, the teacher's role in the classroormgéa from the previous
semester to one which sought to facilitate studegff®rts to construct their own
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understanding. Analyzing lesson plans together #ral use of role playing by
facilitator 2 were significant activities that matlee teachers change their roles to
facilitate student learning.

Summary

The teaching practices of these chemistry teacleeesaled that over the course
of the collaborative action research group meetithgsy were able to develop their
practice in ways that were much more closely aligrie constructivist teaching
methods. As described and documented above, tmastcps included: (a) changes in
teachers’ understandings as to the best way tdimdjcstudents’ prior knowledge, (b)
changes in teaching strategies, (c) changes itethers’ practices regarding the role
of social interactions, (d) changes in teacherstsgies to assess students’ learning, (e)
changes in teachers’ roles of facilitating studele@rning. Chapter 6 will be devoted
to the conclusions of the research finding of gtisdy, implications of the study and
suggestion for further research.



CHAPTER VI

CONCLUSION AND IMPLICATIONS

Overview of the Chapter

This chapter describes the conclusions of the fligli their implications to the
science education research community, and suggsstar further study. First, the
review of the research framework for the studyesalibed. Second, the conclusions
for each phase of the study are described, incjuthie chemistry teachers’ teaching
practices in the first phase of the study and thdeustanding of the changes of
teachers’ teaching practice as a result of padimp in the CAR group. Third,
implications of the study are described. At the ehthis chapter, some suggestions for

future research are presented.

Review of the Research Framework

Science education in Thailand is part of the edanat reform which is aligned
with the National Education Act 1999. According ttus reform, Thai students are
intended to learn science as part of lifelong leeynwith a balance of knowledge,
skills and attitudes, in order to achieve scientiiteracy. With all these changes
prescribed in the Act and geared towards the refofnteachers and the teaching
profession, it is necessary to give careful comsiiien to teachers, the process of
change in their teaching practice, and other réla&sues. However, there have been
some obstacles that have hindered the successadfstience education. One is the
teachers’ lack of understanding of constructivissédd or learner-centered teaching
approaches and their lack of techniques for fatifiy the development of higher-order
thinking skills, and for using new technologies timeir classrooms (OEC, 2005;
Dahsah, and Faikhamta, 2008). For teachers to @gtbe competencies necessary to
implement teaching based on the constructivist @ggr, they need a clear
understanding of the disciplinary knowledge in thew curriculum, new learning

strategies, and new assessment and evaluation asethlowever, most professional
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development programs for educators were short-temorkshops, and after
participating in the workshops there was no supporn central education agencies,
with the result that the participating teachers md have the confidence to implement

changes.

In essence, initiatives must be undertaken to éurthn-going professional
development work in order for teachers, administsgtand facilitators to improve their
understanding and skills (Atagi, 2002; Fry, 200Rlaf?, 2002). One recommendation
on learning reform was to promote collaborativeactesearch and encourage teacher
education institutions to work together with thén@als. Therefore, this study was
conducted to examine the change in chemistry tescheaching practices based on

exposure to the constructivist approach througlabolative action research.

There were two phases of the study. In first phessgarch was conducted to
provide insights as to how the teachers perforrhed teaching practices in Chemistry
instruction, and which focused on lesson introductiteaching and learning activity,
social interaction in classroom, learning assessnagi teacher roles. The participants
of this study were three in-service chemistry teasheaching at different secondary
public schools under the Bangkok Educational SenAgcea, Office 2. In order to
understand the performance of in-service chemisgachers, multiple data sources
have been used during the research process. These elassroom observation, semi-

structured interviews, and teachers’ lesson plans.

The second phase, the research conducted to umadrsiow the teachers
changed their practice and applied their new undedings about constructivist
principles in their classroom during participatiom this study. The CAR group,
including three teachers, one science educatornnaysklf, was developed to work
together. Throughout the process in the secondeptiasre were three cycles of the
collaborative action research. The activities irthe@ycle consisted of one group
meeting held at Kasetsart University, which occdmeproximately 3 hours. After the
group meeting | had one-to-one individual teacheetimgs in helping the teachers to
design lesson plans which could be implementedinvitieir own classroom setting.



202

The cycle of action research began with a CAR gnmgeting in which the members
shared their experiences about teaching based mstraotivist principles, discussed
problems of teaching , suggested way to solve prob] and helped each other to
designed lesson plans in collaborative circumstnédter the group meeting the
teachers adopted what they learned to redesigm kpeson with the assistance of
myself, and then the teachers implemented thesoleplan in their classroom. Having
finished teaching each lesson, they reflected em thaching. The new cycle occurred
when the teachers contributed their experiencéeeddCAR group meeting and group
members learned from each other when they reflestesvhat had happened in the
classroom and revised the next lesson plan acgydiihe data collection came from
multiple data sources: participation in group meggi classroom observation, semi-
structured interviews and teachers’ lessons. Theroagh to analysis used here
involved an inductive process: a search for coordpnces and patterns and make
themes of common findings. Within-case analysis waade prior to cross-case

analysis. The overview of research framework issghim figure 4.
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Conclusions of the Study

First Phase: Teachers’ Teaching Practices before Raipation in the CAR

For the first phase of the study, the findings @¢atied that the teachers did not
teach chemistry in line with the National Sciencarri€ulum Standards and the
National Education Act. The teachers were not avedrsetudents’ prior knowledge,
either of individual students or the whole clasg] ao this was ignored before teaching
a new concept. The teachers were more concernat aboveying and covering the
content knowledge. All three chemistry teachersiedrout the fundamental purposes
of organized learning activities similarly in termEconveying information to students
and helping them achieve conceptual understandihg. teachers demonstrated that
their practices were still adhering to traditiotehching, in that teachers had authority
over student’s learning and emphasized teachingdoas the textbook. They further
emphasized teaching through lectures and demasisab transmit content at a faster
pace, stressed the need to do assignments, ra@ymged students to use scientific
methods to solve problems, and conducted expersmieat based narrowly on the
procedure mentioned in textbook. They had studdotgroup work without clearly
informing them about the process of cooperativeigraork. Therefore some students
still worked individually. And their approaches using group work did not encourage
all aspects of cooperative learning into their laesms; teachers allowed students to
work in groups to reinforce concepts taught by heas, but it was simply students
teaching students and simply group learning aetwitAll three chemistry teachers
used several methods of learning assessment taadgadtudents’ learning. However,
they still conducted themselves in accordance watlitional assessing methods which
narrowly emphasized right answers being givenstesparated from learning, and on
the cognitive dimension of students’ learning outes. They used as the main method
a work sheet that clearly delineated the right amsim addition, asking questions was
often used as the means to get the only right aissivem the students. And they
emphasized tests which were separated from teaemddearning. The three teachers
did not emphasize the assessment of the other diorenof learning outcome such as
skills or attitudes. The teachers played theirousiteaching roles with much the same
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fundamental purpose aiming to improve student aement. However, they continued
teaching using traditional methods in which teasherere mainly information
providers, individual planners and assessors. Thage decisions as to what and the
how of the learning process, for which they ovedijed on the textbook. As regards
learning assessment, all three chemistry teacheted aas individual assessors to
evaluate student learning without asking studeotsparticipate in their learning

assessment.

Second Phase: The Changes of Teaching Practicesa@Result of the CAR

The Changes of Teaching Practices

As a result of the study, the teachers gradualpnged their practices to be
aware of eliciting student prior knowledge befan&raducing the lessons, and showed
more respect for students’ ideas. Teachers gairmde sunderstanding of the
importance of eliciting students’ prior knowledgenda of attempting to select
appropriate methods to elicit their students’ priorowledge. They changed their
teaching strategies by using a mix of methods aradegiies when teaching. They had
shifted from a lecture-based approach to a constrsicbased teaching approach,
which allowed their students to take more respoilisilior their own learning through

hands-on and minds-on activities.

As for materials and resources, there was moreideradion of a change in the
availability of a much greater range of resouragstéaching, instead of relying on the
textbooks. All three teachers attempted to use réetyaof teaching techniques to
incorporate cooperative learning into their classmo methods. Worksheets and
handouts were typically used extensively in thiprapch. The teachers become more
aware of cooperative learning, rather than askindents to simply work with or teach

each other.

All three teachers developed assessment strategigeh balanced formative

and summative assessment. They tried using motehaons assessment, attempted to
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predict students’ difficulties, and used assessmasta basis for improving teaching
and helping students. Furthermore, students wekedaso be involved in the
assessment process, which provided the teachdrankdrmation on the effectiveness

of the learning activities that they had desigraduke in their classrooms.

There was change in the role of the teacher frdornmation provider to that of
a guide, a facilitator, a motivator, and a researdf students’ learning. The teachers
became aware that an important part of organiziegearning activity and creating an
environment to support student understanding cdagldachieved by changing their
roles. With multiple roles, they helped the studetd describe what they were
experiencing without demanding one particular exalen, designed ways for students
to do both hands-on and mind-on activities, proglidesources, encouraged students to
participate in classroom discussion, and gave stsdan opportunity to revise their

work in order to improve their learning results.

However, the teachers’ practices did not changeniyiet. The rate of change
varied in accordance with the teachers’ experietiwy background knowledge, their
analytic ability to grasp new concepts and ideabgetiver or not their working
conditions granted the teachers enough time togghaand finally the students’ skills.
This study illustrates the small steps the tea@seresearcher took individually and
collectively to enact a new approach for chemiségching and learning based on

constructivism.

The Teachers’ Professional Growth through CAR

The CAR group demonstrated that chemistry teachingld be radically
improved via the direct action of teachers who tasks, asked themselves questions,
and recognized the value of collaborating in ouougr, a collaboration that was
reported as having significant professional andsqeal benefits. In line with the
autonomy and the responsibility of all teacheraddt learners, they were in control of
their own practices when they took systematic actio each action research cycles.
The teachers could make decisions to plan the iceegrocess of teaching, could
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change their practice, and reflect on and evaldlagé practice so as to improve

students’ learning in their classrooms.

Collaboration with other CAR members also was $igamt in engineering
changes in the teachers’ teaching strategies. édlective group, the teachers shared
pedagogical techniques, presented results fronm tven experience, and posed new
guestions about limitations relative to their aggsnat teaching based on constructivist
principles in their classroom. The teachers wergagad in a continuous process of
improvement and collaboration with other CAR memsberere significant factor in
assisting teachers to construct their own deepéergtanding and ultimately to change
their teaching strategies in each cycle of thislgtu

Implications of the Study

Implications to Improve Teaching and Learning Chemstry

In chemistry education many issues such as lowestugherformance and
negative attitudes have often been mentioned. @neiple problem is that chemistry
teaching remains overly dependent on textbooks lwitientain too much content.
Teachers need to restructure their teaching in w twat helps students understand
important ideas that foster scientific literacy, ig¥h requires a shift from teacher-

dominated classrooms toward more constructivigtdent-centered learning.

Teaching based on constructivist approach was matleal or teaching theory
to be achieved but rather a process to be develogeld teachers learned about
constructivist principles and experienced a comwsitrist learning environment. It was
developmental in the sense that teachers primdelgrmined their prior perception of
constructivist teaching principles, actively enghgethe teaching and learning process
rather than attempting to receive knowledge pabgivee-examined their own
experiences in chemistry teaching; re-thought hbeytwanted to make chemistry
more meaningful and understandable to their stsdediverse capabilities and
interests, and re-constructed the power structuréngn which teachers did their work.



208

Furthermore, teachers needed to engage in proéuatid reflexive conversations and
become collaborators who support a discourse fow nenderstandings for
constructivist teaching in their classroom. Onlgrthcan teachers create their own

knowledge, critique that of others, and evaluagértbwn growth.

Through participation in CAR, the teachers showed their understanding was
built around principles of constructivist theory those teachers themselves were
learners. The teachers could learn through handsadmminds-on activities when they
conducted their own research. They could develogr tlunderstanding through
cooperative learning when learning with CAR grougnmber. In this study, the
teachers illustrated how constructivist principtesild be integrated in a manner that
reflects the aims of the Act (ONEC, 2003) and & siame time supports chemistry
teaching. The students also benefited from the nstaleding that each teacher gleaned
from their own action research. The teachers deeela more holistic understanding
of the value of questioning and data gathering,taeg, in turn, used this knowledge to

enrich their classroom lessons.

The finding of this study can be used for the pssfenal development of other
groups of chemistry teachers. The professional [dpugent program should provide
opportunities for teachers to experience or le@ouaconstructivist principles by their
own action research and become a part of the vaytehachers think about and plan for

their teaching and learning process.

Implications for In-Service Science Teacher Profegsnal Development

Collaborative action research in this study reterthe collaboration by teachers
with researchers as facilitators who encourage support teachers. The model for
CAR involved teacher collaboration and reflectionthwCAR group members to
address problematic issues in their classroomssahdols and to construct a new
understanding of teaching and learning based ostaantivist principles. The teachers’
knowledge and understanding can grow through rgstons and through practice in
action research. Then, action research can be efatlad teachers’ practice, and can
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play an important role in teacher education andréfierm of science education. Based
on the results of this study, it is suggested hatfessional development should
provide an opportunity for teachers to practicehi@ir own context. The crucial issue
is how to encourage teachers from CAR group mesnteebe mentors and facilitators
for their colleagues and carry on their own scHmaded research in order to form
communities of learners to collaboratively suppamd stimulate personal and
professional development at the school-level. Ideorto convince other science
teachers that they can create new teaching methoaseachers from CAR group need
to demonstrate how they are contributing to nevwtores and thereby persuade other
teachers that they also can initiate a new teaghiagtice. The another important thing
is the need to influence school principals to dee lhienefits of these new ways of
working, so that they will put in place the basieans to enable other science teachers
to continue creating their new teaching practiteghis change, the principals need to
rethink the power structures in which teachers dortwork. The implication of this
study is that the collaboration between the prialsipwith this group of chemistry
teachers or other science teachers to take acveerd changing science teaching. This
may consist of devising ways teachers can workceffely with principals to
implement changes in the repositioning of curricaland the scheduling, and resetting
of school goals. Collaborative action researcheate can be designed as a specific
form of teacher development in the context of tim@lementation of current practice.
The purpose of collaborative action research catolbiecus on problems and changes

in a single classroom, or on several classroonmsnvé school or across schools.

Suggestions for Further Study

To Change Teaching Practices through CAR, One Ha®tTake Risks.

An important feature of professional developmerivées, such as the action
research model in this study, is that teachers hawvake risks. There were various
risks that teachers had to overcome as a way to tlegjr action research including the
challenging in asking and reflecting their own t@ag, the force of culture of
autonomy and isolation in teaching, the challengfetime to work on action research,
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the challenges of a result of action research taffgcon the stakeholders, and the
challenge on working with other teachers. Teacimemsd time to explore alternative
pedagogical practices, prepare their instructiomalterials, and develop a strong
network with other teachers as a way either refdectheir teaching and listening other
opinions on their practices. On the other hand;htees still need the freedom to enact
decisions they perceive of greatest relevance ém#elves and their own students as
they used to do when doing isolation in teachingy. this reason, teachers must be
inspired to join and participate in professional&lepment activities via teachers’ own
internal motivation. Teachers should be encourdgddke risks as they become active
and productive agents of change. Therefore befanducting this type of research, the
researcher has to consider all the teachers’ iisere developing the professional

development program.

To Teach Chemistry Based on the Constructivist Appsach, One Has To Be
Supported.

The findings in this study show that teachers amhuwesiastic about making a
difference for their students in their new teachapgproach. However, the teachers also
confronted difficulty in adopting and adapting cwoustivist principles into their
classroom practice. Consideration must be givetheédanguage and literature used in
presenting and describing constructivist principses that it is more flexible and
understandable for teachers to identify and enaébrmal teacher support groups
should be created where teachers can examine psdggeforms of their teaching and
discuss their pedagogical applications and impboatof constructivist approach.

Chemistry teachers who participated in this studgheconstructed individual
ideas of teaching based on constructivist appreduhh were responsive to their own
interests, educational backgrounds, students’ needskills, school contexts and their
working conditions, and demands imposed by thespeetive school communities.
Even though teachers needed to create their owa e teaching based on
constructivist approach in their classroom contert,real situations when they

participated in CAR, there were no clear cut sohgi or common methods to
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integrating constructivist principles into theiraptices. Those educators responsible for
developing professional development programs shgiigl attention to the diversity of
the challenges that teachers encounter and the thayschoose to overcome them.
Teachers’ diverse perspectives and experienceddshelwconsidered and positioned as

one main issue in supporting and facilitating daodiation.

Professional Development should be Emphasized Divsa Groups of Science

Teachers.

Since this study only covered a small group of hee€ who had long term
experience in teaching and had high level of edmeat background, further studies
should follow involve other groups of science teashteaching’ practices through
CAR. The suggestion for future research shoulddoeded on the diversity of science
teachers including pre-service teachers and ineeteachers who had graduated with
different degrees and have a range of teachingimoer of questions arise and need to
be investigated: 1) Do the new in-service sciereactiers change their teaching’
practices based on constructivist approach wheticyation in a CAR program? 2)
What is the influence of a CAR program in changthge new in-service science
teachers teaching’ practices? 3) How does the Cigram promote teaching practice
for pre-service teachers? 4) Is there any effecttlom different of the teacher
educational background on changing their practic@sPlow does the CAR program

promote teaching practice for a diverse group athers?

In this study the process of the CAR program ubeekt cycles. As the result, it
found that the rate of teacher change was diffefemtther studies should explore the
relationship between the number of cycles and kemdtprogram on teacher change.
Finally, future research should be done to invastighe effect of CAR on the growth
of students’ learning in parallel to teachers cleatiteir practices. Because this study
gives attention primarily to professional developmeit does not emphasize on
students learning. Therefore the growth of studdatsning before, during and after

teachers’ participation in CAR should be studied.
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APPENDIX



Interview Protocol

Interview protocol for data collection in Phase |

1. What are the teaching methods employed in teg@nd learning
activities?

2. What are the reasons in employing those teachinbads?

3. What evidence is there of students’ learning essult of the teaching
methods employed?

4. How does the teacher assess students’ learning?

5. What are the strengths and weaknesses of suchirigach

6. What should the teachers do to improve their tewghi

7. Other suggestions

Interview protocol for data collection in Phase Il
Interview before teaching

1. What concept will the teacher be teaching?

2. What are the objectives/goals for teaching¢biscept?

3. What technique or questions are used for elgistudent’s prior
knowledge?

4. What activities are designed to engage studeésrning activities?

5. What activities are designed to support codperdearning?

6. What assessment methods and tools will thénezaamploy to assess
student’s learning?

7. What instructional materials are used for teagkhis concept?

How will the teacher support students in the cartgton of their understanding?
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Interview after teaching

1. What assessment methods and tools will thédnezamploy to assess
student’s learning in the real classroom context?

2. How well does the student understand as atrekthiis teaching?

3. What are the benefits of teaching based ordhstructivist approach to
learning?

4. How does the teacher change his or her pragtidevelop an
understanding according to constructivist princple

5. What problems emerged when the teacher implezdehe lesson plans?

6. How did the teacher solve these problems?

7. What will the teacher do for the next lesson?
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