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CHAPTER 1
INTRODUCTION

Background

The Thai education system was reformed according to the Thai National
Education Act (TNEA) of 1999 (ONEC, 1999). As a result of the TNEA, the Basic
Education Commission of Thailand prescribed a core curriculum known as the Basic
Education Curriculum (BEC) of 2001. The development and reform of school curriculum is
an on-going process in Thailand. A large number of schools (2,007 schools) began using
the BEC in the 2002 academic year, starting at the 1, 4", 7", and 10" grade levels. The
substance for the basic curriculum as prescribed in the BEC consists of: 1) a body of
knowledge, skills or learning processes, 2) values or virtues, 3) morality and right behavior.
The BEC curriculum includes eight strands: 1) Thai language, 2) mathematics, 3) science, 4)
social studies, religion and culture, 5) health and physical education, 6) art, 7) career and

technology and 8) foreign languages (MOE. 2002: 5).
The aims of Thai educational reform are to improve Thai education through
1) making curriculum more flexible to address specific circumstances at local levels
2) implementing a curriculum more diversified in terms of contents and programs to meet the
needs of individual
3) a more decentralized educational system in terms of administration and management
to allow schools, parents, local community members, and various sectors and stakeholders

to participate in curriculum development (Miralao ; & Gregorio, 2000: 41).

Prior to the introduction of the Thai National Education Act of 1999, a number of
governmentat offices were involved in designing and developing the entire curriculum in Thailand
along with the Department of Curriculum and Instruction Development (DCID). In the case of
science, the Institute for the Promotion of Teaching Science and Technology (IPST), a national
institute, is assigned with the duties and responsibilities of designing and developing curriculum,
instructional materials and teaching-learning activities (Pisarn Soydhurum. 2001: 7). In 1990
the IPST prescribed revisions to cumiculum for the 1978 lower secondary school science

curriculum (Downer ; & Rana. 1999: 168). The 1990 lower secondary school science



currictlum was used until the faunch of the Basic Education Curriculum.

There are some problems, however, concerning the 1990 curriculum and its
implementation. Chinnapat Bhumirat (2001: 2) argues that "the principles, theories and
contents of IPST curriculum lack coherence and are irrelevant to real life experiences” and
limited to memorizing subject matter rather than developing student crealivity and other
desirable attributes and values. Science instruction in Thailand emphasized on lecture
methods to ensure that all contents needed in preparing for university entrance examination
were covered (Chinapat Bhumirat. 2001: 5; Kiat Ampra; & Chajane Thaithae. 1999 130).
Students lacked opportunities to practice skills, both in scientific and thinking processes,
which are essential for science learning. Another problem is that students are usually
evaluated based upon what they have memorized, rather than their scientific process skills
(Sor Wasna Pravalpruk. 1999: 73). In addition, assessment tools related to development of
attitudes towards science are virtually nonexistent.

Developing science curriculum in Thailand should be based on Science National
Standards and guidelines which were developed by the IPST. The national standards for
science education were criteria for assessing the quality of learning in each grade level.
The national evaluation will be conducted for students at the end of the 3"’, Gth, ch and ‘12th
grades. The national science educational standards provide a framework for common focus
on what can be achieved. IPST prescribes minimum standards for students in each key-
stage: what students should know and what they should be able to do. There are eight
standard areas in science: 1) Living and Life Existence Processes, 2) Life and Environment,
3) Properties of Matter, 4) Force and Motion, 5) Energy, 6) Evolution of The Earth, 7)
Astronomy and Space and 8) Naiure of Science and Technology (MOE. 2002: 18-20).

Therefore, teachers are trusted with the responsibility to develop their school-based
curriculum. Their participation in curriculum development can also enhance their profession
{Kirkwood. 2001: 5). Science teachers, however, struggle to develop a curriculum because
they are primarily curriculum users, not curriculum developers. They teach science by
following textbooks and materials suggested by the IPST. Some of them may not have enough
experience to develop their own curriculum based on the National Education Standards. Also,
teachers who have no chance to participate in workshops on curriculum development may not

understand or become confused regarding how a curriculum is developed, or why it needs to be



developed at the school level. Therefore, in real situation it is not an easy task for a teacher to
develop a curriculum even through it is vital for teachers to develop their capacity to design a
school-based curriculum. Ornsiein; & Hunkins (1998: 232) advise that necessary components
to be considered in developing a curriculum are content, experiences, criteria for selecting
experience, and the relationship of content and experience. In the Pillay report which published
on using the new curriculum in pilot schools in Thailand, the author suggested some aspects of
teachers’ understanding to develop vital competencies to implement student-centered learning,
focusing in the basic education curriculum. These aspects include new knowledge and
learning strategies, integrated teaching, assessment and evaluation, information and
communication technology (ICT) competency, mentoring, and action research (Pillay. 2002:
27-29).

The Thai National Education reform does not only focus on developing curriculum at
the school level, but also on applying local wisdom to classroom instruction. In science
teaching, there are many kinds of local knowledge and resources that can be applied to
classroom instruction. Many local people have their own knowledge or techniques for
selecting chemicals to use. Some local wise men/women know how to use local plants as
detergents or various substances as cleaners o make herbal soaps and shampoos. They
also use natural plants or insects as food odor enhancers such as: Limnophila aromatica
(Lomk.) Merr, a type of herb used in fish soup, the giant male water bug, a kind of insect used
in many kinds of chili dipping (Namprigs). They use natural plant ingredients such as Neem
fruit solution as insecticidess. In addition, eating Neem flowers or young leaves is recognized as
a cure for various diseases such as diabetes and stomachache. Many local wise women have
their traditional techniques to dye cotton and siik from natural plants. Likewise, local wise men
have their own ways to dye fishnets. These knowledge and resources are valuabie for Thai
people to learn.

Local wisdom and resources regarding particular chemicals and their properties can
be taught in science classroom. Chemicals and their impacts on each reaction can be
explained by using scientific knowledge (Verapong Seang-Xuto. 2000: Abstract). In this study,
the participating teachers and the researcher gathered local wisdom and resources that could be
applied to teach science concepts related fo chemicals used in everyday life. |t was expected

that students would feel that science contents should not be far from their real lives and could



increase their enthusiasm for learning science (Keating. 1997: 25; Epp. 1995; ciling Cessna; &
Cessna. 2001: 28). Also, students would understand the traditional practices of local people
and the scientific reasons for such activities. Teaching science by inclusion of local
knowledge and resources should not only increase student understandings of science
concepts, but also conserve local wisdom and traditional practices.

It is important, therefore, for schools to develop their own curriculum that apply
local wisdom in designing learning activities., The main focus of this research was to develop
a lower secondary science curriculum based on the Third aspect of the Thai National
Education Standard--Chemicals and their Properties. The contents of this curriculum focused

on Chemicals in Everyday Life targeling application of local wisdom,

Objectives of the Study

Research objeclives are
1. to develop and implement an elective science course, Chemicals in
Everyday Life, for the lower secondary school students. The curriculum is based on the strand
-substances and their properties.
2. to study the results of implementing the elective science curriculum, Chemicals
in Everyday Life, on students’ learning outcomes.
3. to determine teachers’ opinions on the elective science curriculum,

Chemicals in Everyday Life.

Significance of the Study

The results of this study will provide useful information for developing a science
curriculum which emphasizes the inquiry learning cycle. It will be possible for local science
teachers to apply the design format to develop other science courses. Moreover, the
instructional plans for this curriculum will be one cycle of the 5Es learning cycle as One
Course One Cycle and focus on student investigations. The approach used in this curriculum
will be recognized as a model of instructional strategy. This study wili provide useful

information on the roles of the teacher and the student.



Scope of the Study

This curriculum is an elective science course for the lower secondary school students
called Chemicals in Everyday Life. its contents are treated under five major topics: detergents;
food additives and preservation of food; natural dyes ; natural insecticides and insecticides;
and herbal medicine. The strategy for application of this curriculum to classroom instruction

was One Course One Cycle of the inquiry-based learning utilizing the local wisdom.

Teachers and students who participated in this research were as follows:
1. Phase I: Designing the Curriculum

1.1 Participating Teachers: Participating teachers were three local science
teachers of secondary school in Maha Sarakham. They participated in considering documents
and activity plans. They had at least five-year experiences in teaching science courses. In
this phase a teacher at Kampom Wittayakom School taught a MS. 2 classroom in the
preliminary phase.

1.2 Participating Students: Participating students were one classroom of
MS 2 students at Kampom Wittayakhom School who studied in the class taught by a
participating teacher in the second semester of the 2003 academic year.
2. Phasse li; Field Study

2.1 Participating Teachers: Participating teachers were two local science
teachers of secondary school in Maha Sarakham. The first teacher taught at Nguaba
Wittayakhom School, Vapipathum District. The second teacher taught at Mittraphap School,
Kaedum District. These teachers participated in considering documents and activity plans.

2.2 Participating Students: Participating students were a classroom of students
who were taught by each participating teacher in the second semester 2003 academic year. The
numbers of subjects in Nguaba Wittayakhom School and Mittraphap School were 27 and 41,
respectively.



Definitions of Terms

1. The “Curriculum” is a curriculum for an elective science curriculum for the lower
secondary students, Chemicals in Everyday Life. The curriculum is based on the 3" Thai National
Science Education Standard (TNSES), Chemicals and their Properties, with inclusion of local
wisdom. The curriculum is instructed using the inquiry learning cycle. Its contents consist of five
major topics: 1) detergents, 2) food additives and preservation of food, 3) natural dyes , 4) natural

insecticides and 5} insecticides and natural medicine.

2. The “Local Wisdom” is the body of knowledge, abilities, and skills of Thai people
accumulated through many years of experience, learning, development, and transmission.
Local wisdom has helped in solving the problems and contributed to the development of
people’s way of life in accordance with the changing time and environment (Rung Kaewdang.

2001 online).

This study focused on the local wisdom related to chemicals used in daily life. This
local wisdom was applied to contents, investigations, laboratories, media, learning
resources, and science projects.

3. The “Learning Cycle” is a model of the instruction in cyclic manner that students
construct their own understandings. This study bhad learning cycle activities for the whole
curriculum in one cycle. The cycle consists of five phases including engagement, exploration,
explanation and conclusion, elaboration and exchange experience, and evaluation and application.
The activities and intended learning outcomes for each phase are modified from the 5Es
instructional model to fit all activities. The curriculum Chemicals in Everyday Life was designed
to use this learning cycle as One Course One Cycle.

4. The “Inquiry Cycle” is a cycle of scientific knowledge construction consisting of
posing guestions, predicting the results, conducting experiments, modeling the explanation,
and applying knowledge.

5. “Groups of Units of Investigations™ are groups of students who investigated the topics
of their interest after they mel and asked local people questions and study provided
documents in the engagement phase. This research classified the topics into five groups:

detergents; food additives and preservation of food; natural dyes; natural insecticides and



insecticides; and herbal medicine. The topics for each group investigation focused only on the
unit topics submitted by the group.

6. The “Leaming Outcomes” refers to students' performances that demonstrate their
abilites in intellectual, affective, and practical domains. The three major groups of learning
outcomes assessed in this study are as follows:

6.1 “Achievement” is students’ intellectual abilities that are demonstrated from
learning through this curriculum. Science achievement involves 1) knowledge and com-
prehension, 2) application of scientific knowledge and methods and 3) process of scientific
inquiry. This research, student achievement was assessed by pre- and post-tests.

6.2 “Science Process Skills" is students’ abilities to do scientific inquiry
demonstrated in learning through the curriculum. Two types of science process skills
assessed are intellectual skills and manipulative skills.

This study aésessed science process of intellectual skills which include 1)
formulating hypothesis, 2) identifying and controlling variable, 3) experimenting, 4) observing, 5)
classifying, grouping and organizing, 6) interpreting data, 7) inferring and making conclusion and 8)
communicating data. Science process skills were assessed as a group of topical study of students’
investigative reports.

Manipu[ative skills that students demonstrated were assessed while students were
conducting experiments by using a check-hst form.

Both intellectual science process skills and manipulative skills that student performed were
determined base on scoring criteria.

6.3 “Aftitudes Towards Learning Science” is sludents’ feelings, emotions,
interests in science and the study of science, affected by doing activities in this curricutum.
Attitudes towards learning science were assessed by a questionnaire.

7. “Teachers’ Opinion Towards the Curriculum” refers to teachers’ feelings
regarding the curriculum: Chemicals in Everyday Life. These feelings are affected while
considering documents and instructing this curriculum. Teachers' opinions towards the

curriculum were assessed by using a questionnaire.



Research Scheme

As a Northeastern (Isarn) citizen who has been living in Maha Sarakham Province for
more than fifleen years, the researcher is particularly interested in groups of chemicals used
in everyday life which are related to local wisdom activities and products in Maha Sarakham.
The preliminary survey, local people interviews, discussion with local teachers and also
searching from web sites regarding chemicals in everyday life and in the OTOP {One Tambon
One Products) in Maha Sarakham were conducted. The OTOP products, which are created by the
local people under the policy and great support of the Thai government, reflect the local wisdom
and natural resource. From the survey and study, the chemicals in everyday life related to local
wisdom grouped as chemicals in 1) detergents, 2) food additives and food preservation, 3) natural
dyes s, 4) natural insecticides and insecticides and 5) herbal medicine. These five chemical groups
were focused as the local wisdom and resource in developing the Chemicals in Everyday Life
curriculum. The content of the curriculum is under the “Properties and Matters” strand in Science
Educational Standard of the “Basic Education Curriculum of 2001, Thailand. The curriculum was
designed as an elective science curriculum for the g" grade students in Maha Sarakham. Inquiry-
based learning cycle that focuses on students’ investigations was used in the teaching and learning
process. The procedures of this study were divided into four major phases: curriculum preparation,
curmiculum design field study and curriculum evaluation. The scope of the study is shown in

Figure 1.
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Research Hypotheses

The hypotheses of this study are:

1. Students who do activities through the curriculum, Chemicals in Everyday Life, have
higher post-test scores than pre-test scores.

2 The mean scores of the students who do activities in different units of the curriculum,
Chemicals in Everyday Life, are not different.

3. Students who do activities through the curriculum, Chemicals in Everyday Life,
have science process skills at a high level.

4. Students who do activities through the curriculum, Chemicals in Everyday Life,
have manipulative skills at a high level.

5. Students who do activities through the curriculum, Chemicals in Everyday Life,
have attitudes towards learning science at a high level.

6. Teachers who implemented the curriculum, Chemicals in Everyday Life, have

positive opinions towards this curriculum at a high level.



CHAPTER 2
REVIEW OF RELATED LITERATURE

This chapter reviewed the scholarly literature that is relevant to the research
objectives and the circumstances in which they are explored. The literature review aims to
identify the various exemplary perspectives of science education that can be used to explain:
1) curriculum development, 2) teaching and learning theories and practices in science, 3)

assessments in science and 4) local wisdom and science teaching.

Curriculum Development

The word ““Curriculum’ is variously defined and there are many definitions given in
relation to schools and teachers. For example, Taba (1962: 11) defined this term as “a plan
for Iearning”; Neagley, & Evans (1967: 2) defined it as “all of the planned experiences
provided by the school to assist pupils in attaining the best desighated learning outcomes’ ;
and Walker (2003: 5) viewed curricuium as “a particular way of ordering content and
purposes for teaching and learning in schools.”

There are also many explanations regarding the term “curriculum development.” For
instance, Lewy (1991: 29) refered to this as “preparing a plan of operation for putting into use
an existing syllabus.” Barrow; & Milburn (1990: 88) suggested that curriculum development is
the process for reshaping or designing a curriculum in practice. Neagley; & Evans (1967: 5}
identified this term as a process of procedures including: 1) curriculum committee(s), 2} setting
instructional objectives, aims and goals, 3) designing appropriate content, learning experiences
and teaching aids, 4) choosing the best teaching strategy, 5) selecting the evaluation methods,
6) trying out and evaluating teaching materials, learning experiences and methods, 7)
developing suitable curriculum guide and 8) providing the appropriate procedures for
continuous study, evaluation and also improvement of the curriculum. Taba (1962: 6) viewed
curriculum development as a complex enterprise that involves many kinds of decisions, which
are made on several levels including at the school level. Ornstein; & Hunkins (1998: 27) used

[14 . bk . . .
the term curriculum development” to show how curriculum is planned, implemented and
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evaluated. Curriculum can be developed at many levels for example, at the national, state,
district and school levels. According to Chen; & Chung (2000: 3), curriculum should be
developed at the school level. They state: “the best place for designing the curriculum is
where the learner and the teacher interact—school.” This idea was supported by Paris (1993:
69), who argues that “the most appropriate and effective curriculum w[shlould be created in
the context of the teachers’ classroom practice.”

Goodlad {1994: 1267) defined that the development of curriculum at the school level
is “school-focused curriculum planning” or “school based curriculum development”. It occurs
when each school develops its curriculum. The Centre for Educational Research and
Innovation (CERI. 1979: 13) defines school-based curriculum development (SBCD) as the
process which is based on school-initiated activities or school demands and curricula bring
about distribution of power, responsibilittes and control between central and also local
educational authorities. Moreover, the legal administrative autonomy and the professional
authority are required to enable schools to manage their own process of development.

Goodlad (1994 1268) suggested that the important characteristics of SBCD are
1) being based on school philosophy or platform, 2) designing a structure of learning to fit
school’s educational objectives and the pedagogical principles, 3) working within a
democratic and diffuse organization structure, 4} designing a leaming environment based on
the educational philosophy of school, including the development of learning materials and
teaching programs and implementation and §) creating an internal evaluation system.

There are advantages in developing curricula at the school level. CERI (1979: 22}
pointed out that four theoretical advantages of SBCD can be applied to the specific needs or
circumstances. It can be developed and implemented in schools. It focuses on interdisciplinary
subjects, human and physical milieu and also motivates the school staff. This is the same
trend identified by Goodlad (1994: 1269); he argued that school-based curriculum
development is an attractive task for teachers and it is a direct response to student needs.
The practical advantages of SBCD were demonsfrated in Scotland. Teachers cooperate
with educators to select, adapt and develop courses. The results show that school curricula

are more relevant to local community and school needs (Hallak; & Poisson. 1999: 6).
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Many people take responsibilities as stakeholders in developing curriculum; especially
teachers are the most important stakeholders in making decisions. They themselves are
curriculum developers in accordance with the definition of “curriculum development” given by
Lewy (1991: 29):. curriculum development may refer to preparing an operation plan for using
an existing syllabus including the selection of textbooks and instructional materials.

Ornstein; & Hunkins (1998: 27) argued that the essential role of teachers in curricutum
development is to participate in planning, implementing and  evaluating curricula.
According to Glatthorn (2000; 17), there are four aspects of teachers’ tasks which include 1)
developing a yearly planning calendar, 2) developing units of study, 3) enriching the
curriculum and remedial learning and 4) evaluating the curriculum. Similarly, McNeil (2003:
7} identifies that teachers’ tasks at the curriculum practical level are developing lessons,
units, projects and short-and long-range plans. Accordingly, in designing their own learning
units, teachers have opportunity to initiate a curriculum that is responsive to a local situation,
individual students and teachers’ enthusiasm {McNeil, 2003: 190).

In conclusion, the fundamental principle of developing curriculum at the school level
is fo develop curriculum based on schools’ philosophy and visions by following the national
guidelines. Developing a curriculum at the school level is a way fo design curriculum to serve
sludents’ needs and classroom circumstances. Teacl;ers take the most important roles in
developing curricula to meet students” needs, experiences and abilities.

This study, an elective science curriculum for the lower secondary school level
based on the 3" of Thai National Science Education Standard was developed. Participating
teachers would be involved in considering documents and activity plans. They observed
classroom instructions in the preliminary study and discussed the actual events in order to
revise activity plans, learning resources, materials, teachers’ roles and students’ roles. The
researcher adopted Taba’s model as a road map for developing this curriculum based on the

seven-major-steps (Taba. 1962: 12) as follow:
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Step 1: Analyzing the needs

Step 2: Setting objectives

Step 3. Selecting contents

Step 4: Organizing contents

Step 5: Selecting learning experiences
Step 6: Organizing learning experiences

Step 7: Determining what to be evaluated by what ways and means.

This curriculum was proposed as an elective science course for the lower secondary
school students relating to chemicals in every life that both local wise men/ women and other
people use. The contents were classified into five major categories: detergents, food additives
and food preservations, natural dye, natural pesticide and herbal medicine. The inquiry learning
cycle through the SEs instructional modet as one course one cycle was used to organize the
curriculum. Students were expected to study their topics of interest in depth and constructed
their knowledge, from doing their own investigations to exchange knowledge and experiences

with other groups of students

Teaching and Learning Theories and Practice in Science

Teaching/learning theories and practice in science are described in five parts, inquiry
and science teaching, the learning cycle, investigative approach in science teaching, student-
centered and psychological principles and teachers’ roles in science instruction,

1. Inquiry and Science Teaching

Good; & Merkel. (1973: 303) defined inquiry approach in three aspects:

(1) in general, a mode of investigation which rests on conceptual innovation, proceeds
through uncertainty and fallure and eventuates in knowledge which is contingent, dubitable and
hard to come

(2) a particular technique or strategy for bringing about learning of some particular
science context by encouraging a student to be inquisitive and curious and to ask questions and
try to find answers for himself

(3) a problem-solving approach to a set of learning activities, a challenge for thinking:
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begins with a careful set of systematic observations, proceeds to design the measurements
required, clearly distinguishes between what is observed and what is inferred, invents
interpretations which are under ideal circumstances, brilliant leaps but always testable and draws

reasonable conclusions.

Some science educators viewed inquiry as learning processes. For instance,
Wilson (1974: 127} defined inquiry as “a broad range of activities performed to explore and
search out variables and attributes relevant to discrepant stimuti.”” Simitarly, Trowbridge; &
Bybee (1996: 177) defined inquiry as “a process of defining and investigating problems,
formufating hypotheses, designing experiments, gathering data and drawing conclusions about
problems.”

According to Haury (1993: Online), inquiry is not only related to learning
activities, but it is also concerned with learning skills. He illustrated that inquiry focuses
students on “‘the active activities to search for their knowledge or understanding.” The
National Research Council of the U.S. (NRC. 2000: 39) points out that inquiry is a set of
skills that students need to master and as a body of understanding that students need to
learn. NRC also notes that: student’s inquiry is a multifaceted activity that involves 1}
making observations, 2) posing questions, 3) examining multiple sources of information to
see what is already known, 4} planning investigations, 5) reviewing what is already known in
light of the student’s experimental evidence, 6) using tools to gather, analyze and interpret
data, 7) proposing answers, explanations and predictions and 8) communicating the results
(NRC. 1999: 23).

Some science educators viewed inquiry as the work of scientists. For example, Martin-
Hansan (2002: 35) stated “inquiry refers to the work of scientists. They study the natural
world and propose explanations with evidence gathered from the world around them.”

According to Wilson (1974: 133), inquiry is viewed as a process model of
instruction, based upon learning theory and behavior. Inquiry is an approach to learning that
involves a process of exploring the natural or material world by asking questions, making
discoveries and rigorously testing those discoveries to search for a new understanding (NRC.
1999: 2). Schwab also viewed inquiry in terms of science teaching. He viewed teaching of

science as two aspects of inquiry. “First, a process of teaching and learning which is itself an
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enquiry, teaching as enquiry. Second, instruction in which science is seen as a process of

enquiry, science as enquiry” (Tamir. 1983: 658).

White; & Fredericksen (1998: 5) viewed inquiry process as a learning cycle.
Students can construct their knowledge by doing authentic scientific inquiry. The model

of inquiry cycle is shown in Figure 2.

Question M Prediction

Apply Experiment

Model

Figure 2 A Model of the Scientific Inquiry Process

White, B. Y.; & Fredericksen, K. R. (1998). “Inquiry, Modeling and Metacoghnition: Making

Science Accessible to All Students,” Cognition and Instruction. 16{1): 5.

Inquiry-based approaches are central of science teaching and learning. In the
U.S., the National Science Education Standards illustrates the importance of learning and
teaching science through inquiry that “students. .. should have the opportunity to use
scientific inquiry and develop the ability to think and act in ways associated with inquiry”
(Nationa! Research Council (NRC. 1999: 105).

Many evidences show benefits of inquiry-based approaches in science instruction.
For instance, a book called Foundations: Inquiry Thought, Views and Strategies for the K-5
Classroom illustrates the benefit of learning science through inquiry-based approaches. Students
can communicate their thoughts and ideas via practical work. Inquiry will contribute to students
both social development and infellectual development. Inquiry activities can help students develop
their language and literacy capacity” (National Research Foundation. 2003: Online). Trowbridge;
& Bybee (1996: 180) illustrate that “inquiry teaching over the period can help individuals become
better investigators.” In addition, White; & Fredericksen (1998: 74} found that teaching science
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through inquiry-based approaches not only improves student’s learning of science concepts, laws
and models, but also improves student’s abiliies to use its method in analyzing new situations.
When students are engaged in inquiry, they actively develop their understanding of science by
combining science knowledge with reasoning and thinking skills (NRC. 1999: 2).

Haury (1993: Online) summarized the benefits of teaching science via inquiry-
based approaches at the middle-school grade level. These approaches can enhance 1)
student’s performances including laboratory skills and skills of graphing and interpreting
data, 2) increasing conceptual understanding, 3) critical thinking, 4) positive attitudes
towards science, 5) higher achievement on tests of procedural knowledge, 6) logical
mathematics knowledge, 7) writing development and oral communication and 8) fostering
scientific literacy and understanding of science processes. Also, Clark (1996: 48) illustrated
that inquiry activities are learner-centered, ensure that students are active participants,
promote self-confidence in students, develop positive attitudes towards science, promote the
development of higher-order cognitive thinking skills, provide for the development of critical
and creative thinking and provide the students with many concrete experiences.

The National Research Council (2000: 24-27) suggestd five fundamental features

of inquiry-based approaches in teaching science are

1} learners are engaged by scientifically oriented questions

2) learners give priority to evidence, which allows them to develop and evaluate
explanations that address scientifically oriented questions

3) learners formulate explanations from evidence to address scientifically oriented questions

4) learners evaluate their explanations in light of alternative explanations, particutarly those

reflective scientific understanding learners communicate and justify their proposed explanations.

Ash; & Kluger-Bell (2000: 80-83) suggested the characteristics of classroom inquiry
- that 1) students should view themselves as active participants in the process of learning, accept an
initiation of learning and readily engage in the exploration process, plan and carry out

investigations, communicate in a variety of methods and 2) teachers should act as facilitators.
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In the U.S., the National Science Education Standards clearly states the change

for science teaching and learning. These changes are shown in Table 1.

TABLE 1: CHANGING EMPHASIS OF SCIENCE CONTENTS AND ACTIVITIES

CHANGING EMPHASES

LESS EMPHASIS ON

MORE EMPHASIS ON

1. Knowing scientific facts and information

2. Studying subject matter disciplines (physics,

life, earth sciences) for their own sake

3. Separate science knowledge and science
concepts
4. Covering many science topics

5, Implementing inquiry as a setoff processes

1. Understanding scientific concepts and developing
abilities of inquiry

2. Learning subject matter disciplines in the context of
inquiry, technology, science in personal and sccial
perspectives and history and nature of science

3. integrating all aspects of science content

4. Study a few fundamental science concepts
5. Implementing inquiry as instructional strategies,

abllities and ideas to be learned

CHANGING EMPHASES TO PROMOTE INQUIRY

LESS EMPHASIS ON

MORE EMPHASIS ON

1. Activities that demonstrate verify science
content

2. Investigations confined to one class period

3. Process skills out of context

4. Emphasis on individual process skills such as

observation or inference

1. Activities that investigate and analyze science
guestions

2. Investigations over extended period of time

3. Process skills in context

4. Using multiple process skills-manipulation,

cognitive, procedural

CHANGING EMPHASES TC PROMOTE INQUIRY

LESS EMPHASIS ON

MORE EMPHASIS ON

5. Getting an answer

6. Science as exploration and experiment

7. Providing answers to questions about science
content

8. Individuals and groups of students analyzing and

synthesizing data without defending a conclusion

5. Using evidence and strategies for developing or
revising an explanation
6. Scienca as argument and explanation

7. Communicating science explanation

8. Groups of students often analyzing and

synthesizing data after defending conclusions



19

TABLE 1: (Continued)

LESS EMPHASIS ON MORE EMPHASIS ON

9. Doing few investigations in order to leave time 9. Doing more investigations in order to develop
to cover large amounts of content understanding, ability, values of inquiry and

knowledge of science content

10. Concluding inquiries with the result of the 10. Applying the results of experiment to scientific
experiment argument and explanation
11. Management of materials and equipment 11. Management of ideas and information

12. Private communication of student ideas and 12. Public communication of student ideas and work

conclusions to teacher to classmates

National Research Council. (1999). National Science Education Standards. 7" ed.

Washington,DC: National Academic Press. p.113.

2. The Learning Cycle

It is generally accepled that the learning cycle was first developed in the 1960s by
Karplus and his colleagues. This learning cycle was originally based on the Piaget’s intelligence
theory and consistent with other theories of leaming such as Ausubel’s (Trowbridge; & Bybee.
1986: 204). According to Karplus, there are three phases of the learning cycle: expioration,
invention and discovery.

Layman; Ochoa; & Heikkinen (1996: 35) viewed the learning cycle as a multiple-state
research-based approach to science instruction. The learning cycle is an effective way of
encouraging students to build a useful knowledge through increased understanding (Billings.
2001: Online). For example, Champion (1993: Online) concludeed his study that the learning
cycle promotes student understanding of experiment design. The learning cycle also faciiitates
learning in an interesting way (Billings. 2001: Online). Many of students enjoyed using the
learning cycle and made favorable response to the learning cycle. The learning cycle also
influence students and teachers. Senneca (1997: Online) illustrateed that when students and
teachers used the learning cycle, they had more understandings of the dynamic nature of
science and the processes generating scientific knowledge.

The Biological Science Curriculum Study (BSCS} developed an instructional
model called the 5E. This model extended and elaborated Karplus learning cycle. The 5E

instructional model contains five elements: engagement, exploration, explanation, eiaboration



and evaluation. Each “E” represents part of the process of helping students sequence their

learning experiences to construct their understanding of concepts (BSCS. 2001: 3). The

following section will show how this instructional moedel is outlined:

Step 1: Engagement

Activities are introduced to engage students with a problem or phenomenon. Such
activities capture student’s Interest and enable them to make connections with what they know and
can do.

Step 2: Exploration

Next, students participate in hands-on experiences through which they explore the
concept futher. They receive little explanation or terminology at this point because they are to define
the problem or phenomenon in their own words. At this paint. .. students can help one ancther make
sense of the concept. Students spend considerable time talking about their experiences, both to
articulate their own understanding and to understand one another’s point of view.

Step 3: Explanation

After students have explored the scientific concept independently, then they use the
terms to describe what they have experienced and begin to examine how the explanation fits with
what they already know.

Step 4: Elaboration

Students are given opportunities to apply the concept in new situations, or they are
introduced to related ideas that they explore and explain with the information and experiences they
have accumulated so far. Interaction between students Is essential during the elaboration stage. By
discussing their ideas with each other, they gain a deeper understanding of the concept.

Step 5: Evaluation

At this stage, students continue to elaborate their understanding and evaluate what they
now know and what they have yet to figure out. Afthough the key word at this stage has been
evafuated, this does not indicate finafily. Indeed studenis will continue to construct their understanding

of each broad concept throughout their lives {Layman; Ochoa; & Heikkinen. 1996: 36-37).
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In the U.S., The National Research Council also suggested five common components

shared by instructional models. These five phases are similar to the 5E instructional model.

These five components are as following:

Phase 1: Students engage with a scientific question, event, or phenomenon. This

connects with what they have already known, create dissonance with their own ideas andfor
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mativates them to learn more.

Phase 2: Students explore ideas through hands-on experiences, formulate and test
hypotheses, solve problems and create explanations for what they have cbserved.

Phase 3: Students analyze and interpret data, synthesize their ideas, build models and
clarify concepts and explanations with teachers and other sources of scientific knowledge.

Phase 4: Students extend their new understanding and abilities and apply what they
have learned to new situations.

Phase 5: Students and their teachers review and assess what they have learned and

and how they have learned it (NRC. 2000: 35).

Some science teachers suggested strategies of using the 5E learning cycle in
various kinds of contents. For example, Rillero (1999: Online) instructed his fourth grade
students in germination of Raphanus sativas. He clearly describeb how to plan learning
activities for such phases of the cycle. DeFina (2002: 29-33) planed his lesson--Investigating
Island Evolution: a Galapagos-Based lesson in 5E learning cycle form. Levitte (2002: Online)
examined his lesson regarding the sense of smell, the Nose Knows .. or Does it?, by using 5E
learning cycle. He also demonstrated how to questions in each phase of learning activities.
O'Brien; & Seager (2000: 390-395) used the 5E instructional model to plan their Earth—-Moon
Scaling lesson which was integrated among science, mathematics and technology. In the
report, they clearly suggested strategies for such phases and their results.

In conclusion, 5E instructional model is a teaching/learning cycle that can promote
both inquiry-based approaches and student-centered. It is accepted as an effective instructional
strategy. It can be applied to instruct many various kinds of science topics.

3. Investigative Approach in Science

Investigation is an approach that is used in science instruction. Scotlish Schools
Equipment Research Centre (SSERC : Online) defined an investigation as “one of the types of
practical activity involved in learning.” Learning through this activity, students will determine
many possible ways and outcomes. They have to make many decisions during the
investigation when teachers manage the learning activities through the investigation.
Trowbridge; & Bybee (1996: 177-179) supported the importance of investigative approach in
the teaching of science. They raised six reasons for using invesfigative approaches that

include: 1) instruction becoines student-centered, 2} inquiry learning builds the self-concept of
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student, 3) expectancy level increases, 4) inquiry learning develops talent, 5) inquiry methods avoid
learning only at the verbal level and 6) inquiry leaming permits time for students to mentally
assimilate and accommodate information.

Wellington (2000:158) classified the typology of investigations into five categories that
include 1) “which type” investigations, 2) “‘what type” investigations, 3} “how do” investigation, 4)
general investigation and 5) problem-solving activities.

Ross; Lakin; & Callaghan (2000: 2) viewed investigations as essential problem
solving scientific exercises which were carried out by students. They believed that student’s
investigations cover the process skills of scientific inquiry including 1) planning, 2} obtaining
and presenting evidence, 3) considering evidence and analyzing data in terms of earlier
predictions and 4) evaluating the process and data obtained and suggesting improvement.
They categorize skill areas to be assessed for student investigation that include

1) P: planning experimental procedure

2) O: obtaining evidence

3) A: analyzing: evidence and drawing conclusion

4) E: evaluating evidence (Ross; Lakin; & Callaghan. 2000: 153)

They gave example steps of teaching investigation in science for key stage 3 students. These
steps are: reframe question, brainstorm, decide what to do, ask question, predict what may
happen, plan safety precaution, carry out the investigation, graph the results and conclude
what they have found out.

Similarly, Hackling (1998: 23) suggested four phases of investigations in science
that should be evaluated. These four phases are planning, conducting, processing and evaluating

the investigations. SSERC had suggested five steps of investigation as shown in Table 2.



TABLE 2: INVESTIGATIVE STEPS AND SUGGESTED ACTIVITIES
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Steps

Suggested Activities

1. Planning

2. Making a Prediction/
Hypothesis

3. Collecting Evidence

4. Recording and Presenting

5, Interpreting and

Evaluating

What is it you are trying to find out?

What could you change?

The things which could change are called variables.

Choosing what you will change, what you measure and what you keep
the same.

Deciding how you wiil carry out the investigation i.e. what will you do?
Asking questions: Will changing this variable {independent variable)
make a difference to the other (dependent) variable?

Carrying out the experiment.

Noting, carefully, what happens.

Making up a table of the results.

Drawing a bar chart or line graph of these results.

Write about what you did.

Are there any trends in the results?

Do the results telf you anything?

Was your prediction comect? What can you conclude from this investigation?

Scottish Schools Equipment Research Centre (SSERC). “An Investigative Approach to

Science,” (Online). Available; http:/iwww.ise514.org.uk/Prim3/New Guidelines/htm.

Retrieved August 10, 2003.

4. Student-Centered and Psychological Principles

As described above students will be truly aclive learners when they participate in

both inquiry-based and investigative approaches. Some psychological principles should be

considered to plan an effective student-centered activity. For instance, the board of American

Psychological Association (1997: Online) reviewed the principles relevant to the learner and

the learning process. The ideas of these principles are dealing with learners in real life world.

There are four major groups of factors, cognitive and metacognitive, motivational and affective,

developmental and social and individual difference factors influencing learners and learning.

Table 3 shows the summary of Learner-Centered Psychological Principles.



TABLE 3: LEARNER-CENTERED PSYCHOLOGICAL PRINCIPLES

Factors

Principle

Cognitive and

Metacognitive Factors

Motivational and

Affective Factors

Principie 1. Nature of the learning process.

The learning of complex subject matter is most effective when it is

an intentional process of constructing meaning from information

and experience.

Principle 2 Goals of the [earning process.

The successful leamer, over time and with support and instructional
guidance, can create meaningful, coherent representations of knowledge.
Principle 3 Construction of knowledge.

The successful learner can link new information with existing
knowledge in meaningful ways.

Principle 4 Strategic thinking.

The successful learner can create and use a repertoire of thinking and
reasoning strategies to achieve complex learning goals.

Principle 5§ Thinking about thinking.

Higher order strategies for selecting and monitoring mental operations
facilitate creative and critical thinking.

Principle 6 Context of learning.

Learning is influenced by environmental factors, including culture,
technology and instructional practices.

Principle 7 Motivational and emotional influences on learning.
What and how much is learned is influenced by the learner's
rmotivation, Motivation to learn, in turn, is influenced by the individual's
emotional states, beliefs, interests and goals and habits of thinking.
Principle 8 Intrinsic motivation to learn.

The learner's creativity, higher order thinking and natural curiosity

all contribute to motivation to learn. Intrinsic motivation is

stimulated by tasks of optimal novelty and difficulty, relevant to

perscnal interests and providing for personal choice and control.

24
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TABLE 3: (continued)

Factors Principle

Principle 9 Effects of motivation on effort.

Acquisition of complex knowledge and skills requires extended learner
effort and guided practice. Without learners' motivation to learn, the
wlilingness to exert this effort is unlikely without coercion.

Developmental and Principle 10 Developmental influences on learning.

Soclal Factors As individuals develop, there are different opportunities and constraints
for learning. Learning is most effective when differential development
within and across physical, intellectual, emotional and social domains is
taken into account.

Individual Differences Principle 11 Social influences on learning.

Factors Learning is influenced by social interactions, interpersonal relations and
communication with others.

Principle 12 Individual Differences Factors

Individual differences in learning.

Learners have different strategies, approaches and capabilities for
learning that are a function of prior experience and heredity.

Principle 13 Learning and diversity.

Learning is most effective when differences in learners' linguistic, cultural
and social backgrounds are taken intc account.

Principle 14 Standards and assessment.

Setting appropriately high and challenging standards and assessing the
learner as weil as learning progress--including diagnostic, process and

outcome assessment--are integral parts of the learning process.

American Psychological Association, Board of Educationa! Affairs. (1997), “Learner-
Centered Psychological Principles: A Framework for School Reform; & Redesign,”
Brandt, Ronald S. ed. (Online). Available: hitp://www.apa.org/ed/lcp.html. Retrieved
August 25, 2003,
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§. The Teachers’ Roles in Science Instruction

As a result of changing the emphasis of inquiry activities, teachers need to
direct only a part of the action. Layman; Ochoa; & Heikkinen (1996: 38) suggested that
“teachers in inquiry-centered learning situations act as facilitators and resources.”
Teachers should create learning environment to serve student investigations. Teachers
should select learning experiences and adapt and design curricula to meet student’s interests,
knowledge, abilities and background.

Crawford (2000: 931-932) investigated the roles for inquiry-based science teachers.
She suggested ten roles for a teacher: the role of motivator, diagnostician, counselor, innovator,
experimenter, researcher, modeler, mentor, collaborator and learner. The teacher should
motivate students to take responsibility for their own learning. As a diagnostician, the teacher
will give opportunities to students in expressing their ideas. In the role of a counselor, the
teacher will direct and help students to develop strategies. As an innovator, the teacher needs to
create or design his/her instruction by using new ideas. In the role of an experimenter, the
teacher will fry out new ways of teaching strategy and assessment. The inquiry-based teacher
also needs to evaluate his/lher own teaching as a researcher. The teacher as a modeler will
show the attitudes and attributes of scientists. In the role of mentor, the teacher will support
students in learning scientific work. The teacher and students will exchange ideas. The teacher
should allow students take on some the teacher role such as a director of the instruction. The
final role is the role of a learner, the inquiry-based teacher should desire to learn new concepts.

DeFina (2002: 32) used the 5E instructional model in investigating island
evolution. He suggested some teachers’ roles in exploration phase. For example, the teacher
can monitor and facilitate group interactions, guide each student to learning resources and
encourage collaboration without providing direct instruction.

This section describes teaching and learning theory and practice in science regarding
the inquiry-based teaching/learning, the leaming cycle, student investigations, the learner-
centered and teachers' roles in science classroom instructions. The study was to develop a
lower secondary science curriculum: Chemicals in Everyday Life. The approach to infroduce this
curriculum to the classroom level was inquiry-tlearning cycle. One main cycle for the whole

curriculum was planned to lead students to investigate science based on their topics of interest.
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Students were expected construct their knowledge both when doing direct investigations in their

group and when exchanging their experiences with other groups.

Assessment in Science

Assessment is a process of information collection in the contexts of instruction that will
be used to examine and describe student’s performance. Assessment in science is
different from other subjects. Science assessment has been changed from paper-pencil test
and now emphasizes on students’ performance of inquiry-based science instruction.
National Science Education Standards of the U.S. has suggested three major aspects of
science assessment. These outcomes consist of conceptual understanding in science, ability
to perform scientific inquiry and understandings about inquiry.

As student’s inquiry is a multifaceted activity, NRC suggested five aspects to
assess the abilities of students in inquiry: 1) identifying a worthwhile and researchable
question, 2) planning the investigation, 3) executing the research plan, 4) drafting the
research report and 5) assessing individual student achievement (NRC 1999: 98-100). In
addition, the NRC suggested methods of assessment that can be used such as paper and
pencil testing, performance testing, interviews, portfolios, performances, observing programs.

Layman; Ochoa; & Heikkinen (1996: 44-45) suggested with regard to the inquiry-
based classroom assessment that studenis should be asked to:

- generate rather than choose a response
- actively accomplish complex and significant fasks
- solve realistic or authentic problems.
They also suggested some forms to determine student’s achievement in science classroom:

exhibitions, investigations, demonstrations, written or oral responses, journals and portfolios.

1. Domain in Assessments

According to Bloom; et al. (1979: 7), a useful framework for classifying learning

outcomes, the notion of educational goals can be assessed in three major domains:
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1.1 Cognitive: The cognitive domain is demonstrated by student's abilities
to recall or recognition of knowledge and the intellectual skills. The cognitive domain
consists of six categories: knowledge, comprehension, application, analysis, synthesis and
evaluation.

1.2 Affective: This domain refers to feeling tones, emotions or degrees of
distances or rejections that describe changes manners such as, feelings, values,
appreciations, enthusiasms, motivations and attitudes. This domain concerns student’s
attitudes towards and interests in science and the study of science and science-related belief
and values as well as ethical judgments and interpersonal relationships (Precharn Dechsri.
1994: 34).

1.3 Psychomotor: This objective emphasizes on mator skill, manipulation of
material and objectives, or some act. This domain refers to manipulative skills and abilities
include physical movement, coordination and use of the motor-skill areas. Development of
these skills requires practice. These skills can be measured in terms of speed, precision,
distance, procedures, or techniques in execution.

In addition, Klopfer (1971 : 559 — 641) had classified behaviors to assess
specific for science teaching and leaning. The main focus of his scheme was on categories
of students behaviors related to carrying out the processes of scientific inquiry. These
behaviors are:

A.0 Knowledge and comprehension

B.0 Process of Scientific Inquiry |: Observing and measuring

C.0 Process of Scientific Inquiry |l: Seeing a problem and seeking ways to
solve it

D.0 Process of Scientific Inquiry |lI: Interpreting data and formulating
generalizations

E.0 Process of Scientific inquiry IV: Building, testing and revising a
theoretical model

F.0 Application of scientific knowledge and methods

G.0 Manual skiils

H.0 Attitudes and Interests

I.0 Orientation
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2. Science Process skills
Science process skills are skill-based approaches of practical work that include
hands-on activities, scientific inquiries or experiments. According to the AAAS (Enger; & Yager.
2001: 4), science process skills consist of thirteen processes as folfowings:
1) observing
2) using space and time relationship
3) classifying, grouping and organizing
4) using numbers and quantifying
5) measuring
6) communicating
7} inferring
8) predicting
9) identifying and controlling variable
10) interpreting data
11) formulating hypotheses
12) defining operationally
13) experimenting.
Traditional technique of tests used multiple-choice tests (Germann; Aram; & Burke,
1996: 80). As a result of changing emphasis on instructional strategies, the assessment methods
are also consistent with the desired pedagogy (Atkin.; et al. 2001: 24). For assessing science
process skills, Baxter; & et. Al. (Germann; Aram; & Burke. 1996: 86, citing Baxter; et al. 1992.
Journal of Educational Assessment, 29, 1-7) had developed a procedure-based scoring system
for laboratory studies characterizing the sequence of procedures used to carry out the
investigation. In stead of determining student’s response scores, this system analyzes and
describes the written experimental designs in contexts of inquiry assessment. Germann, Aram; &
Burke. (1996: 86) suggested seven performances in assessment of experimental designs
which include:
1) setting up the independent variable
2) manipulation of the independent variable
3) recording the response of the dependent variable

4) multiple trials



5) inclusion of experimental control

6) variables held constant

7) tests of the hypothesis.

3. Manipulative Skills

In science, manipulative skills are psychomofor performance that students will
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demonstrate when doing practical work particularly laboratory. According to Eglen; & Kempa

(1974), four components can be used to assess student’s abilities in manipulative skills for

practical work in science. The components and criteria or performance feature are shown in

Table 4.

TABLE 4: COMPONENTS AND GENERALIZED CRITERIA FOR MANIPULATIVE SKILLS

Component

Generalized criteria /Performance feature

Methodical working

Experimental technique

Manual dexterity

Orderliness

-Correct sequencing of tasks forming part of overall operation

-Effective and purposeful utilization of equipment.

-Efficient use of working time.

-Abilities to develop an acceptable work procedure on the basis
of limited instruction.

-Correct handling of apparatus.

-Safe execution of an experimental procedurs.

-Taking adequate precautions to ensure reliability of observations

and reliable observation and results

-Swift and confident manner of execution of practical tasks.

-Successful completion of an operation or its constituent parts.

-Tidiness of work area.

-Good utilization of available bench space.

-Organization in the placing of equipment used

Eglen, J.R.; & Kempa, R.F. (1974, December). *“Assessing Manipulative Skills in Practical

Chemistry,” School Science Review. 56(195); p. 263.
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In conclusion, the effects of the course, Chemicals in Everyday Life, on students
learning outcomes, cognitive, psychomotor and affective domains were studies. [n cognitive
domain, pre- and post tests were developed based on Klopfer objectives to assess students’
behaviors in three major domains: 1) knowledge and comprehension, 2} application of
scientific knowledge and methods and 3) process of scientific inquiry. Also, evaluation form of
science process skills with scoring guide was used to assess in cognitive domain. Science
process skills were assessed from student’s reports. Evaluation form of science process skills
consist of 1) formulating hypotheses, 2) identifying and controlling variable, 3) conducting
experiments, 4) observing, 5) inferring and making conclusions, 6) classifying and grouping and
7) organizing and interprefing data. These skills were in hierarchy steps. It is not necessary to
assess all skills in the same petiod of time.

Manipulative skills were used to assess psychomotor domain. Evaluation form of
manipulative skill was used to assess student skills in four components: methodical working,
experimental technique, manual dexterity and orderliness.

Questionnaire and interviews were used to assess affective domain. Students were
asked their feeling regarding leaming science. Some students were interviewed for asking their

feeling and opinion towards learning activities.

Local Wisdom and Science Teaching

Rung Kaewdang (2001: Online) defined “local wisdom as local knowledge or
indigenous knowledge. “Local wisdom’ refers the body of knowledge, abilities and skills of
Thai people accumulated through many years of experience, learning, development and
transmission. 1t has helped solve the problems and contributed to the development of their
ways of life in accordance with the changing time and environment." Pongpit (1993.; citing;
Preeda Youngsuksathaporn; & et al. Online: 1) defined local wisdom as knowledge which is
“transferred from the ancestors and adjusted suitably to their ways of life.”’

In South-Africa, Kaniki; & Mphahlele viewed indigenous knowledge as local
knowledge connected with a given culture or society (1999 498-522). Similar to Thailand,
indigenous knowledge is defined as a cumulative body of knowledge generated and evolved

over time, representing generations of creative thought and actions within individual societies
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in an ecosystem of continuous residence, in an effort to cope with an ever-changing agro-
ecological and socio-economic environment (Kaniki; & Mphahlele: 1999: 483; cifing. Thakadu.
1998).

Srisamorn Pumsaard; 8 Monnipa Chutibut (1996: 3) classified local wisdom into four
characteristics: experiences of local people that are useful in everyday life, knowledge,
careers that based on traditional local knowledge and careers that apply technology to local
knowledge. In the North-Eastern of Thailand, Jaruwan Thamawat (2000: 12-40) classified
ten aspects of Isarn wisdom: producing local products, food processing, local cure, craft,
architecture, culture, local language, music and local show, environmental management and
forest monk wisdom.

Local knowledge can be applied to science teaching. There are some evidences
supporting the advantages of using local knowledge in science instruction. For example, in
the U.S., Keating (1997: 25) used indigenous cultures in his ethno botany class. He
summarized that “‘the value of the cultural background of the students and both indigenous
knowledge as well as western science processes have a strong potential to stimulate interest
and improve student performance in science.”” Aikenhead: & Solomon (1994: 130} illustrated
the benefits of indigenous knowledge in teaching science. They suggested that science
activities should connect students with their everyday life experiences including science and
technology related social issues in which local communities and nations. So, teaching science
by prevailing upon the benefit of local wisdom and local resources is an effective way.
Madoazo; & Rhoton (1998. 26) supported that “teacher who creates connections between
science concepts and traditional science ideas in the culture, tends to teach more effectively.

Normally, local science teachers in Thailand use plants or fruits as material in
experimental laboratories. For example, it is a common knowledge to use Clitoria ternatea Linn.
and shoe flower solutions as acid-base indicators. Some students use local plants or materials in
their science project experiments. For example, a group of lower secondary school students
investigated the effect of various kinds of fresh flowers: 1) jasmine, 2) artabolrys (Artabotrys
siamensis Mig), 3) Clerodendron fragrans, 4) vent.Michelia fongifolia Bl. and 5) Plumeria obtusa L.
as insecticide. They found that the best flower to eliminate mealy bug is artabotrys (Ban Moa

Pattananukul School (2002: Abstract).
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Verapong Seang-Xuto (2000: abstract) conducted a research related to local wisdom and
science feaching of the upper northern part of Thailand. He examined, collected and classified the
local wisdom and technology into seven categories: food, shelter, cloth, medicine, transportation,
career and recreation. He also analyzed the scientific concepts of such knowledge. His finding
indicated that the integrated scientific principles are the most found in career category. These
local wisdom and technology can be best explained by using science principles of Physics and
Chemistry. He also demonstrated what kinds of local wisdom and technclogy can be taught in
upper primary and lower secondary school science courses. The food calegory is the best topic
that can be matched to teach the lower secondary science course.

Pawadee Ketku (1998: abstract) conducted an instructional science package on Thai
wisdom and the inquiry method to teach the g" grade students. She made a comparison between
students who were taught by ftraditional technique and by this instructional package. The result
indicated that the presentation ability in science of these two groups was significantly different.
However, the value on Thai wisdom of these two groups was not shown the scientifically different.

In conclusion, local wisdom can be applied to science instruction. It can help students
apply science concepts or principles to explain traditional practices or local knowledge. Teaching
science by adopting local knowledge and resources will not only increase student understanding of

science concepts, but also help conserve local knowledge and traditional practices.



CHAPTER 3
METHODOLOGY

This study aims to develop an elective science curriculum for lower secondary
school students: Chemicals in Everyday Life. This chapter describes the methods used
in this study in six major parts;

Participants
Research Procedures
Research Instruments
Data Collection

Data Analysis

o o &> w2

Roles of Individual in the Study

Participants

Teachers and students who participated in each phase of this research were as
follow:
1. Phase I: Designing
1.1 Participating Teachers: Participating teachers were three local science
teachers of secondary school in Maha Sarakham. They participated in considering
documents and activity plans. They had at least five-year experiences in teaching science
courses. In this phase a teacher at Kampom Wittayakhom School taught a MS. 2
classroom in the preliminary phase.
1.2 Participating Students: Participating students were one classroom of
MS 2 students at Kampom Wittayakhom school who studied in the class which was taught
by a participating teacher in the second semester of the 2003 academic year.
2. Phase I Field Study
2.1 Participating Teachers: Participating teachers were two local science
teachers of secondary schools in Maha Sarakham. The first teacher taught at Nguaba
Wittayakhom School, Vapipathum District. The second teacher taught at Mittraphap Schoot,

Kaedum District. These teachers participated in considering documents and activity plans.
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2.2 Participating Students: Participating students were a classroom of students
taught by each participating teacher in the second semester of the 2003 academic year. The
numbers of subjects in Nguaba Wittayakhom School and Mittraphap School were 27 and 41,

respectively.

Research Procedures

The research procedures were as follow:
Step 1: Course Preparation

1.1 Studying Related documents: This step involved studying and considering
related documents for developing an elective science curriculum for the lower secondary level
with an inclusion of local wisdom insertion. Related documents include theories of course
development, curriculum design, Thai National Science Education Standards (TNSES), inquiry-
based approaches and assessment strategies in science instruction.

1.2 Gathering Information on Local wisdom: The researcher gathered
information on local wisdom related to Chemicals in Everyday Life in Maha Sarakham
province, Thailand. Most data were available on the Internet and in journals. The
researcher surveyed the procedures that local people in Maha Sarakham use especially in
the participating school area. For example, what chemicals local people use and how they
dye their fishnets. In this study, local information was categorized into 5 topics: 1) detergents,
2) food additives and preservation of food, 3) natural dye, 4) natural insecticide and pesticide
and 5) herbal medicine. Science concepts related to each topic were also gathered. The
researcher wrote the draft of contents and sample practices of local people in the school area
in Teacher's Guide Book which was checked for content validity by experts. How to match
local wisdem to a science classroom is shown in Appendix 2.1.

Step 2: Curriculum Design

2.1 Writing Curriculum Documents: The researcher set drafts of goals, course
outline, and intended learning outcomes. This course was propose o be an elective science
curriculum for the lower secondary school with time-aliocation in 36 hours. The activities in this
curriculum were planned to be used with the inquiry learning cycle approach as one course one
cycle. The researcher developed Teacher's Guide Book. This book provides necessary
information on science contents, general knowledge of local wisdom and examples of
specific traditional practices of local people for each participating school. This book also

provides information regarding learning resources necessary for student investigations.
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2.2 Selecting Teaching Strategy: According to the goal of this research which
focused on the student-centered approach, this curriculum was planned to be instructed
using the inquiry learning cycle in one course one cycle. Students conducted their
investigations in teams to construct their own knowledge. The researcher also prepared the
initial drafts of assessment tools to evaluate their performance in each phase.

2.3 Writing Activity Plans and Assessment Tools: The researcher wrote the
drafts of activity plans based on the 5Es instructional model. The main outcomes of

each phase of the learning cycle are shown in Figure 3.

Engagement =>

Topics of interest

Evaluation and Application Exploration
=> Assess student's understanding => Data
=> The application for further study
Elaboration Explanation and Conclusion

=> Exchange experiences _ => Information/knowledge

Figure 3 Phases and Main Outcomes of the Learning Cycle

2.4 Selecting and Preparing Teachers: Three volunteer science teachers in
Maha Sarakham who are local teachers with at least five year teaching experiences were
selected to participate in this study. Information regarding participating teachers are shown in
Appendix 2.4, They were prepared for good understandings of the inquiry learning cycle
method by participating in the Teacher Preparation workshop held on September 14, 2003.
Participating teachers were provided with information on how to plan inquiry-based learning
cycle approaches and how to assess student leaming outcomes. They observed and

discussed classroom events in the preliminary study.
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2.5 Examining Curriculum documents: A group of experts examined the
curriculum documents which included: 1) goals, 2) course description, 3) intended learning
outcomes, 4) activity plans, 5) a guide book for teacher, 6) student's guide book 7) activity
assessment tools and 8) curriculum evaluation. The experts checked for content validity and
other qualites of curriculum documents. Expert recommendations were used to revise the
curriculum documents.

2.6 Conducting Preliminary Study: The preliminary study aimed to check the
activity plans for different phases of the learning cycle and to familiarize the teachers with
the learning cycle strategies. One of the participating teachers taught 27 MS. 2 students at
Kampom Pittayakhom School during December 1 — 30, 2003 for each phase of the learning
cycle. In the period of instruction, the other participating teacher and the researcher
observed the classrooms. After each instruction, all the participating teachers and the
researcher discussed with regard to classroom events in order to revise the activity plans,
related documents, lists of learning resources and assessment tools.

Step 3: Field Study

Field study is the phase for introducing the curriculum in a real ctassroom in
which the following sections were conducted.

3.1 Instructing MS 2 Students: Two participating teachers from Nguaba
Wittayakhom and Mittraphap schools instructed the course with MS 2 students for 36 hours in
the second semester of the 2003 academic year with the following activities:

All students took the pre-test before instruction. The first hour was planned
for the instruction of the curriculum and learning styles. The teachers and students
discussed the learning tasks for this course. The other hours were for instructing the
curriculum by following the activity plans.

During their instruction, the participating teachers recorded interesting
classroom events. The researcher completed the science process skill and the
manipulative skill evaluation forms as planned. The researcher interviewed about thirty
percent of the students regarding their opinions of the course and instructional strategies. The
participating teachers suggested lists of students who should be interviewed based on three
achievement levels: high, medium and low. At least one student from each working group was

informally interviewed with structured questions.
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After completion of the course, all students took the post-test and responded
to the questionnaire. The same groups of students who were interviewed during
classroom instruction were interviewed for their opinions towards the course again.

3.2 Gathering and Analyzing Students’ Learning Outcomes: Learning
outcomes of each student was collected and summarized. Quantitative data including pre-
and post- test scores, science process skill scores, manipulative skill scores and attitude
towards learning activities were processed statistically. Qualitative data such as students’
suggestions or difficulties in doing each activity which the researcher had gathered while
observing classroom instructions were used to describe and support the statistical findings.

Step 4: Curriculum Evaluation

The opinions of the participating teachers gained during the conversations and
interviews were used to revise the curriculum documents and activity plans. Data obtained
from classroom observations and students interviews were also used as a major
component for revising the curriculum. The curriculum was evaluated by experts from
Maha Sarakham; they were two Rajabhat University teachers, two science supervisors
and one local science teacher and three participating teachers. The experts attended a
meeting to discuss and evaluate this curriculum documents then they made comments.

Their comments and suggestions were taken into consideration in revising the curriculum.

Research Instruments

There were nine major types of instruments used in this study: 1) The Curriculum
2) The Evaluation Forms of Curriculum Documents 3) Pre-and Post-Tests 4) The
Evaluation Form of Science Process Skills 5) The Evaluation Form of Manipulative Skills 6)
Questionnaire on Students’ Attitudes towards Learning Science 7) Questions for Students’
Interviews 8) Questionnaire on Teachers’ Opinions and 9) Questions for Teacher
Interviews

1. The Curriculum

An elective science curriculum, Chemicafs in Everyday Life, was developed by

the researcher to be used in the study. The development of the curriculum described in details
in the research procedures. The principles, course description, intended learning outcomes,

learning activity plans and curriculum evaluation were included as shown in Appendix 1.1.
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2. The Evaluation Forms of Curriculum Pocuments
The open-ended evaluation forms were developed for assessing the content
validity of the curriculum documents through the following procedures:
2.1 studying documents related to evaluation method
2.2 writing drafts of course evaluation items
2.3 checking for content validity by experts
2.4 revising the course evaluation forms
The evaluation forms (see Appendix 1.2) used in the study were intended to assess the
following three components: 1) the Curriculum, 2) The Teacher's Guide Book and 3) The
Student’s Guide Sheet.
3. Pre- and Post-Tests
The tests were developed to assess two major parts, science contents and
scientific principle, through the following steps:
3.1 studying documents related to writing the test items
3.2 writing drafts of the test items
3.3 checking for content validity by experts in order to revise the items
3.4 trying out the tests to find the difficulties and reliability with four
classrooms of MS 2 students from 4 schools: Sarakham Pithayakom, Vapipathum, Koeng
Wittayakhom, and Dongyai Wittakhom. The total number of the students was 159.
The multiple-choice test used was constructed to include three types of questions:
1) knowledge and comprehension, 2) application of scientific knowledge and methods and
3) process of scientific inquiry. Forty-five items of the test, having the difficulty level
between 0.20 — 0.80 and the reliability between .20 — 1.00, were used in pre and post-
tests. There were five items of 0.09-0.18 difficulty that were revised to be used in the pre-
and post-tests as shown in Table 42. The reliability of the test, determined by KR-20, was
.86. Table 5 showed the number of test items for each type of questions for testing each
unit classified according to types of questions. The pre- and post- tests consisted of 50

items from five units (see Appendix 1.3).
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TABLE 5: NUMBERS OF TEST ITEMS CLASSIFIED BY UNITS

Application of

Knowledge and scientific Process of  Total
Units comprehension  knowledge and scientific
methods inquiry
1. Detergents 3 4 3 10
2. Food additives and 3 2 5 10
preservation of food
3. Natural dye 3 2 5 10
4 Natural insecticides and 3 3 4 10
pesticides
5. Herbal medicine 2 3 5 10
Total 14 (28%) 14 (28%) 22 (44%) 50

4. The Evaluation Form of Science Process Skills
The researcher developed an evaluation form to assess students’ science
process skills in scoring guide format through the following steps:
4.1 studying documents related to science process skills and scoring guide
technigue
4.2 determining science process skills that should be assessed for corresponding
learning phases
4.3 writing drafts of evaluation form for such skills
4.4 checking for content validity by experts
4.5 revising the evaluation form
In this study, the students’ science process skills were evaluated by using their
investigative reports in 7 skills: 1) Formulating hypotheses, 2) Identifying and controiling
variables, 3) Conducting experiments, 4} Observing 5) Organizing and interpreting data,
6) Classifying and grouping, and 7) Inferring and making conclusions (see Appendix 1.4).
The researcher and a participating teacher scored the students’ science process skills

based on the rubrics criteria. The meaning of each score range is as follow:
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2.51 — 3.00 = High level
1.51 — 2.60 = Moderate ievel
0.51 — 1.60 = Low level.
5. The Evaluation Form of Manipulative Skills
The researcher developed an evaluation form of manipulate skills in a scoring
guide format through the following steps:
5.1 studying documents related to manipulative skills and scoring guide
technique
5.2 determining manipulative skills that should be assessed for coresponding phases
5.3 writing drafts of the evaluation form
5.4 checking for content validity by experts
5.5 revising the evaluation form
The four major components; methodical working, experimental technique, manual
dexterity, and orderliness; were used to evaluate manipulative skills (see Appendix 1.5).
The researcher assessed students’ manipulative skills while observing students doing their
experiment in class. Scores of students’ manipulative skills were set based on the rubric
criteria. The meaning of each score range is as follow:
2.51 - 3.00 = High level
1.51 — 2.50 = Moderate level
0.51 — 1.560 = Low level.
6. Questionnaire on Students’ Attitudes towards Learning Science
A questionnaire on student's attitude towards learning science was developed
using the five Likert scales. The questions asked the students with regard to learning
through the instructional strategies, conducting science experiments and assessments.
The questionnaire was developed through the following steps:
6.1 studying documents related to writing questionnaire question
6.2 writing drafts of the questionnaire questions
6.3 checking for content validity by experts
6.4 trying out the questionnaire with students in the preliminary study phase
and analyze the item total correlation of each item by using the SPSS for Windows. The
results showed that 16 items of the first section regarding their opinions towards processes
of learning activities were 0.39-0.69. The students’ overall opinions regarding the activities

were 0.52-0.69.
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6.6 revising the questionnaire questions

The questionnaire consisted of fwo major subscales 1) opinions regarding
processes of learning activities and 2) overall opinions regarding activities (see Appendix
1.6). The meaning of each score range is as follow:

4.51 - 5.00 = Very high level

3.51 - 4,50 = High level

2.51 - 3.50 = Moderate level

151 - 250 = Low level

0.51 - 1.50 = Very low level

7. Questions for Students’ Interviews

Questions for students’ interviews were used as qualitative data for supporting
the results of students’ attitudes towards science. The questions were related to the course
instructional approach, leaming activities and assessment (see Appendix 1.7). The interview
questions were constructed by the researcher and their quality was checked by experts,

8. Questionnaire on Teachers’ Opinions towards the Curriculum

The questionnaire on teachers’ opinions towards the course was developed by
using the five Likert scales through the following procedure:

8.1 studying documents related to questionnaire question writing

8.2 writing drafts of the questionnaire questions

8.3 checking for content validity by experts.

8.4 revising the questionnaire questions.

The questionnaire consisted of three major parts: general opinions towards the
course, opinions towards process of learning activities, and opinions towards activity
evaluation (see Appendix 1.8). The meaning of score ranges are as follow:

4.51 - 5.00 = Very high level

3.51 — 450 = High level

2.51 — 3.50 = Moderate level

1.51 — 250 = Low level

0.51 — 1.50 = Very low level

9. Questions for Teacher Interviewing

The researcher developed the interview questions and their qualities were

checked by experts. The questions were related to the instructional approach, learning

activities and assessment (see Appendix 1.9).
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Data Collection

Data were collected from two major sources: participating teachers and the
students. The sources of data from each group were as follow:
1. Students: Data on students were gathered during the Field Study phase. These

data were obtained from various kinds of research instruments at different times (see Table 6).

TABLE 6: RESEARCH TOOLS AND DATA COLLECTION PERIODS

Tools Before | During After Subjects

the Instruction

1. Pre-and Post- tests / / Al participating

students (PS)

2. The Evaluation form of Science / All PS as group
Process Skills

3. The Evaluation form of / All PS as group
Manipulative Skills

4. Questionnaire on Students’ / All PS
Attitudes towards Leaming Science

5. Questions for Students’ / / 30 % of PS

Interviews

2. Participating teachers: data were collected from the following:
2.1 observations of teacher behaviors during their participation in the
preliminary study and field study
2.2 formal interviews
2.3 teachers’ opinion questionnaire and

2.4 participating teachers’ and the researcher's notes.
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Data Analysis

1. Statistics for Hypotheses Testing

The following were two kinds of statistical tests used in this study.

1.1 Independent t-test technique was employed to compare students’ pre- and
post- tests scores to test the second hypothesis. The SPSS program for Windows was
used to test significance.

1.2 One group t-test technique was used to test the third, fourth and fifth
hypotheses: students’ abilities in science process skills, manipulative skills and students’
attitudes towards learning science. The SPSS program for Windows was used for statistic
analyses.

In addition, the basic descriptive statistics, such as medium and standard

deviation, were used to analyze scores from their task assessment.

2. Qualitative Analysis and Data Analysis
Qualitative data were used to support the discussion of the results from
students’ attitudes towards science learning and other kinds of learning outcomes. Data
were summarized from students’ interview tapescripts. The interviews were conducted

during the on-going classroom instructions and after completion of the course.

Roles of the Individuals in the Study

In this study, three groups of people were involved:
1. The researcher: The researcher roles were as foliow:
1.1 preparing drafts of curriculum documents including goals, course outline,
intended learning outcomes, activity plans, teacher guide, and course evaluation plans
1.2 preparing drafts of assessment tools for each classroom activity
1.3 developing research instruments
1.4 listing procedures of local practice for each topic
1.5 listing names of local people in school area
1.6 listing names of learning resources and related documents for such topics
1.7 preparing equipment, chemicals or materials needed for students’ experiments
1.8 observing classrooms while participating teachers instructed both in the

preliminary study and field study
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1.9 rating student evaluation form of science process skills during classroom
instructions in field study

1.10 checking students’ manipulative skills in field study

1.11 interviewing participating teachers and students for their opinions related to
the course: Chemical in Everyday Life

1.12 supervising participating teachers when they instruct at the preliminary
study and field study and

1.13 taking notes while conducting this research

2. Participating teachers: Participating teacher's roles were as follow:

2.1 participating in Teacher Preparation workshop

2.2 collaborating in developing curriculum documents

2.3 instructing in the preliminary study (one of participating teacher)

2.4 observing classroom instructions (two of participating teachers)

2.5 discussing as regard to classroom events during the preliminary
study in order to revise or reconsider learning activity strategies, learning resources and
assessment tools

2.6 instructing their classrooms in field study, during the instructions, taking or
playing the roles of testers and presenters

2.7 answering formal interview questions

2.8 completing a questionnaire and

2.9 taking notes during the instructions

3. Participating students: Participating students’ roles were as follow:

3.1 participating all learning activities such as, investigations, experiments,
science projects

3.2 playing the roles of verifiers and presenters in ongoing classroom learning

3.3 completing all planned tasks and

3.4 completing the set of tests, questionnaire, and interview questions.



CHAPTER 4
FINDINGS

This chapter presents the findings of the development of an elective science
curriculum of secondary schools: Chemicals in Everyday Life. The findings are presented in
the following order; 1) curriculum development; 2) curriculum implementation and 3) curriculum

evaluation.

Curriculum Development

There were two major phases of curriculum development: preparation and design.
1. Preparation of the Curriculum:

1.1 The researcher studied and analyzed related documents regarding to curriculum
development, Thai National Education Standard, Science Education Standard, science instruction
strategies and evaluation of science instruction. The information gained was used to design a draft
curriculum consisting of principles, course description, intended learning outcomes, learmning activity
plans, and curriculum evaluation plans.

1.2 The researcher gathered data on scientific content and principles including local
wisdom of using chemicals in everyday Life The data were collected through analysis of text
books, journals, the internet and interviewing local people. The collected data were to be used
in preparing the Teacher Guide Book which consist of science contents and local wisdom
using chemicals in the region.

2. Designing the Curriculum:

2.1 The researcher wrote the draft of the curriculum based on selected teaching
strategies. The 5E-learning cycle was used with the five steps of the learning cycle: 1)
engagement, 2) exploration, 3) explanation and conclusion, 4) eflaboration and exchange
experiences, and 5) evaluation and application. Activity plans and assessment tools were
assigned for each phase of the cycle. More details of the curriculum documents and activity

plans are shown in Appendix 1.1.
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2.2 The researcher selected three participating teachers from Maha Sarakham: one
teacher participated in the preliminary phase and two teachers in the curriculum implementation
phase. The information on their teaching load is shown in Table 41.

2.3 The researcher developed assessment tools. The draft curriculum and
assessment tools were examined by experts and revised in which to be used in the prefiminary
study with 26 MS |l students at Khampom Wittayakhom School, Maha Sarakham from December
1-30, 2003. The preliminary study took 20 hours. The purposes of the preliminary study were to
tryout the activity plans of the learning cycie and familiarize the selected participating teachers
with the learning cycle strategies.

Regarding the preliminary study, it was found that students could not formulate their
hypotheses, set variables, and design experiments. In order to improve these skills, students
should study the experimental samples carefully, design an experiment and conduct
experiment. Another finding was that in some experiments, students did not observe and
record data quantitatively. So students could not demonstrate skills in 1) classifying and
grouping data and 2) organizing and interpreting data. To complete these skills every group
should have planned a survey regarding their topics of investigations before plan their
experiments. In their survey they would get data of frequency, calculate percentage and write
their graphs. The last finding was that when students presented their plans or findings in front
of the class, other students did not pay attention and made loud noise. In order to attract
their attention, the teacher should asked the students to summarize the presentation of each
group and evaluate the others’ presentations of the field study as well.

As a result of adjusting the activities, time allocation for the exploration phase was
extended from 14 to 18 hours. Meanwhile, the explanation phase was reduced from 8 to 4

hours.

Curriculum implementation

Results from the preliminary study were used to revise the curriculum which consists of
five topics: 1) Detergents 2) Food Additives and Preservation of Food 3) Natural dyes 4) Natural
Insecticides and Pesticides and 5) Herbal medicine. The inquiry cycle called One Course One

Cycle with local wisdom was used throughout the curriculum which was implemented with 68 MS
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Il students of Nguaba Wittayakhom School and Mittraphap School in the second semester, 2003
(January 3ITi to March Srd 2004). The total experimental period took 36 hours. Subjects were 27
MS |l students from Nguaba Wittayakhom and 41 from Mittraphap School who have shared
very similar characteristics of communities and living contexts.

The numbers of subjecis of both schools were classified according to the 5 study units

as shown in Table 7.

TABEL 7: CLASSIFICATION OF SUBJECTS BASED ON TWO SCHOOLS AND UNITS

Nguaba Wittayakhom Mittraphap School

Unit of investigation School

number of subjects number of subjects  Total

groups groups

1 Detergents 1 6 1 6 12

2 Food Additives and 1 4 2 10 14

Preservation of Food

3 Natural dyes 2 8 2 10 18

4 Natural Insecticides and 1 4 2 10 14
Pesticides

5 Herbal Medicine 1 5 1 5 10

Total 6 27 8 41 68

The data were collected from both quantitative and qualitative forms by using 1) Pre-
and post-tests, 2) The Evaluation Form of Science Process Skills, 3) The Evaluation Form of
Manipulative Skills, 4) Questionnaire of Students’ Attitudes towards Science Learning, 5)
Questions for Students’ Interviews, 6) Questionnaire of teacher’'s Opinions and 7) Questions
for Teachers’ Interviews.

1. Testing of Research Hypotheses

While implementing the cumiculum, the data were collected to test the research

hypotheses as follows:
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1.1 Pre- and Post- tests

Hypothesis 1: students who do activities through the curriculum, Chemicals
in Everyday Life, have higher post-test scores than pre-test scores.

According to this research hypothesis it was expected that students who
participate in the curriculum, “Chemicals in Everyday Life” with local wisdom would gain higher
post-test score than pre-test scores.

The pre- and post-tests were constructed using multiple choice items. The
total numbers of item were 50, 10 items for each unit. The reliability of the test determined by
KR-20 was 0.85. The test evaluated students' abilities in three types: 1) knowledge and
comprehension, 2) application of scientific knowledge and methods and 3) processes of
scientific inquiry; the results of which were 28, 28 and 44 percent, respectively.

The pre- and post-test scores of the students’ achievement from both schools

are presented as mean (M) and standard deviation (SD) in Table 8.

TABLE 8: PRE- AND POST-TEST SCORES OF THE STUDENTS FROM BOTH SCHOOLS

Test n M SD
Pre-test 68 2053 6.41
Post-test 68 2515 8.05

n = number of student df = n-1

The mean post-test scores of the students of both schools was higher than
the pre-test. The result of a pair-wise t-test used for testing the significance of difference of

gained scores, the result of which is shown in Table 9.
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TABLE 9: T-TEST RESULTS OF PRE- AND POST-TEST SCORES OF THE STUDENTS
FROM BOTH SCHOOLS

Test df M sD t p
Pre-test 67 20.53 6.41 7.026* .000
Post-test 67 25.15 8.05

t (o5 a0y = 1.1669  df=n-1 p = probability

The t-test results of pre- and post-test scores of the students from both schools
show that the mean scores are significantly different at the .05 level. This indicated that the
students’ post-test scores were higher than pre-test scores which is supported the hypothesis 1.

The following tables are presented to illustrate differences in their performances

in the pre- and post-tests of each school students.

TABLE 10: PRE- AND POST-TEST SCORES OF THE STUDENTS FROM NGUABA
WITTAYAKHOM SCHOOL

Test n M sSD
Pre-test 27 16.07 4,71
Post-test 27 20.67 6.94

The post-test mean of the students from Nguaba Wittayakhom School was
higher than that of the pre-test. A t-test (pair-wise) used in determining the significant
difference of the means of pre- and post-test scores showed the significant difference at .05

level.



TABLE 11: T-TEST RESULTS OF PRE- AND POST-TEST SCORES OF THE STUDENTS

FROM NGUABA WITTAYAKHOM SCHOOL

Test df M SD t P
Pre-test 26 16.07 4.71 3.886** 001
Post-test 26 2067 6.94

t (05; df 28) — 1.706
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The ttest result of pre- and posttest scores of the students from Nguaba

Wittayakhom School shows that the mean scores are significantly different at .05 level. This

indicated that the students gained higher post-test scores than pre-test scores. The resuit was

supported the hypothesis I.

TABLE 12: PRE- AND POST-TEST SCORES OF THE STUDENTS FROM MITTRAPHAP SCHOOL

Test n M sD
Pre-test 41 23.46 5.67
Post-test 41 28.09 7.41

The post-test mean of the students from Mittraphap School was higher than

that of the pre-test. A t-test (pair-wise) used in determining the significant difference of the

means of pre- and post-test scores showed the significant difference at .05 level.
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TABLE 13: T-TEST RESULTS OF PRE- AND POST- TEST SCORES OF THE STUDENTS
FROM MITTRAPHAP SCHOOL

Test df M SD t p
Pre-test 40 2346 5.67
Post-test 40 28.09 7.41 5.972* 000
t {.05; df 40) = 1.684

The t-test result of pre- and post-test scores of the students from Mittraphap
School shows that the mean scores are significantly different at the .05 level. This indicated that
the students’ post-test scores are higher than pre-test scores. So, hypothesis | is rejected with

confidence.

in conclusion, the first hypothesis is well supported with evidence showing that ail

students’ post-test scores were higher than their pre-test scores.

1.2 The Cognitive Learning Outcomes of Students From Each Unit

Hypothesis Il: the mean scores of the students who do activities in different
units of the curriculum, Chemicals in Everyday Life, are not different in cognitive learning
outcomes.

According to this hypothesis it was expected that students of each group who
study the assigned topic precisely would be able to exchange their experiences and
knowledge with one another. As a result, their scores for the cognitive learning outcomes on
each topic were not different.

The pre-test scores of the students in different topics are presented in Table

14,
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53

Pre-test
Unit n Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Total

M SO M SO M SO M SO M SD M SD
1 12 400 141 364 115 428 149 429 177 460 126 2058 6.02
2 14 4147 1.70 3.50 1.87 478 2.56 4,07 138 470 241 1879 6.13
3 18 442 168 350 183 478 173 371 177 480 250 2178 7.72
4 14 358 162 386 156 389 153 379 137 400 194 1957 450
5 10 417 2.08 4.29 190 4.06 2.04 3.71 1.59 4.10 129 2200 7.33

schools are different in different units.

determine if these scores are significantly different. The result is shown in Table 15.

TABLE 15: ANOVA RESULTS OF PRE-TEST SCORES CLASSIFIED ACCORDING TO UNITS

n = number of students

Unit 1 = Detergent

Unit 2 = Food additives and preservation of food

Unit 3 = Natural dyes

Unit 4 = Natural insecticides and herbicides

Unit 5 = Herbal medicine

Table 14 illustrates the mean scores in the pre-test of the students from both

Sources df 5SS MS F
Model 4 105,128 26.282 .625 646
Error 63 2647.813 42.029
Total 67 2752.941

Flos: araga) = 2.53

The One-Way ANOVA technique was used to
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Regarding the students’ scores in different topics, the ANOVA analysis indicated
that the mean scores of the students from both schools were not significantly different at the
.05 level. This indicated that there is no significant difference in the scores of the students
from both schools in basic knowledge.

The post-test scores were used to test the second research hypothesis. The
post-test scores of the students from both schools are in accordance with the different topics

are shown in Table 16.

TABLE 16: THE POST-TEST SCORES OF THE STUDENTS IN DIFFERENT UNITS

Post - test

Unit Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Total

n M SD M SD M SD M SD M sD M sD

1 12 550 173 414 203 489 141 407 182 450 196 2550 7.97

2 14 533 187 514 221 606 253 48 257 510 185 2321 798

18 492 178 493 213 644 250 436 160 490 233 2844 857
4 14 475 209 493 230 583 209 514 175 520 210 2314 648
5 10 500 185 407 1869 522 210 471 144 460 232 2430 38.89

The post-test mean scores of the students in different units were different as shown
in Table 14. The post-test scores of each group of students for the different topics were used to
test Hypothesis 2. An analysis of variance was used to analyze the differences in the post-test

scores of the students in the two schools. The result is shown in Table 17.
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TABLE 17: ANOVA RESULTS OF POST-TEST SCORES CLASSIFIED ACCORDING TO UNITS

Sources df S8 MS F p
Model 4 312.914 78.224 1.222 311
Error 63 4033.616 64.026
Total 67 4346.529

Fos arapa) = 2.53

Regarding different topics, the ANOVA analysis results showed that the mean
scores of the students from both schools are not significantly different at the .05 level. [tis
then concluded that the students of both schools are not significantly different in gaining

knowledge of different topics.

In conclusion, comparisons of the students’ post-test scores in different topics do
not show any difference. This indicated that the gained scores of students studying different
topics through the One Course One Cycle learning approach are not significantly different.
These findings supported the second hypothesis that the mean scores of the students who do
activities in different units of the curriculum, Chemicals in Everyday Life, are not different in

cognitive learning outcomes.

1.3 Science Process Skills

Hypothesis 111: students who do activities through the curriculum, Chemicals in
Everyday Life, have science process skill scores at a high level.

According to this hypothesis, by doing activities through the curriculum,
students were expected to be able to study their own topics, design and conduct experiments,
analyze data and draw conciusions from their experiments, and thus improve their science
process skills to a high level.

Students’ science process skills were assessed from experimental and survey
reports which they submitted in groups. The reports were evaluated by the researcher and

participating teachers. The first - five skills were checked according to their experimental reports.
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The last two skills, sixth and seventh, were assessed from their survey reports. There were
fourteen experimental and fourteen survey reports altogether to be rated using a three-scale
criteria: 3, 2 and 1. The scoring reliability with Pearson Product correlation was 0.596. This
indicated that there is a significant correlation of a participating teacher and researcher’ scoring of
the science process skills at the .05 level.

The scores of science process skills of all students are shown in Table 18.

TABLE 18: THE SCORES OF SCIENCE PROCESS SKILLS OF THE STUDENTS FROM BOTH
SCHOOLS

Skills n M SD
1. Formulating Hypotheses 14 2.29 .61
2. ldentifying and Controlling 14 2.39 .53

Variables

3. Conducing experiments 14 232 50
4. Observing 14 1.85 A6
5. Inferring and Making Conclusions 14 2.09 53
6. Classifying and Grouping Data 14 2.86 31
7. Organizing and Interpreting Data 14 2.83 .24

The above table indicates that the mean scores of the students’ first five
science process skills are lower than 2.51, but the last two skills from which the students

gained their mean scores higher than 2.51.
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TABLE 19: THE SCORES OF SCIENCE PROCESS SKILLS OF THE STUDENTS FROM BOTH

SCHOOLS
Skills n M SD
6. Classifying and Grouping data 14 2.86 31
7. Organizing and Interpreting data: 14 2.83 .24

A t-test for one sample was used to calculate and determine if these mean

scores of the last two skills were significantly higher than the criteria at the .05 level. The

findings are shown in Table 20.

TABLE 20: T-TEST RESULTS OF SCIENCE PROCESS SKILLS

Skills df M SD T p
6. Classifying and Grouping data 13 2.86 231 4.250" .001
7. Organizing and Interpreting data 13 2.83 .24 4.902* .000

tos ar13)= 1.774

The t-test scores of science process skills—classifying and grouping data, and
organizing and interpreting data— showed that the mean scores were significantly different at the
.05 level. This indicated that the students’ skills in classifying and grouping data, and organizing
and interpreting data are higher than the assigned criteria.

On the other hand, their scores in the other science process skills are lower

than the criteria (2.51). The skills are shown in Table 21.
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TABLE 21: SCIENCE PROCESS SKILLS OF THE STUDENTS FROM BOTH SCHOOLS

Skills n M SD

1. Formulating Hypotheses 14 2.28 .61

2. ldentifying and Controlling 14 2.39 .53
Variables

3. Conducing Experiments 14 2.32 .50

4. Observing 14 1.85 46

5. Inferring and Making Conclusions 14 2.09 .53

The mean scores of the first overalt five science process skills: 1) formulating
hypothesis, 2) identifying and controlling variables, 3) conducting experiment, 4) observing, 5)
inferring and making conclusion; were lower than the criteria (2.51). A t-test analysis of one
sample was used to calculate and determine if the scores of these skills are significantly lower

than the criteria at the .05 level. The results are shown in Table 22.

TABLE 22: T-TEST ANALYSIS OF SCIENCE PROCESS SKILLS

SKILLS df M SD t p
1. Formulating Hypotheses 13 2.29 .61 1.373 193
2. Identifying and Controlling 13 2.39 .53 0.834 419
variables
3. Conducting Experiments 13 2.32 .50 1.400 .185
4. Observing 13 1.85 46 5.483" .000
5. Inferring and Making Conclusions 13 2.09 .53 2.938* .052

t (05; df 13) =1.774
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A t-test analysis of the three science process skills: 1) formulating hypotheses,
2) identifying and controlling variables and 3) conducting experiments; shows that they are not
significantly different at the .05 level. The results indicated that the mean scores of these three
skilis are not different from the criteria.

On the other hand, the mean scores of some science process skills: such as
observing, inferring, and making conclusions-were significantly different at the .05 level. The
results indicated that their science process skills in observing, inferring and making conclusions,

are lower than the assigned criteria.

In conclusion, the t-test results of testing the research hypothesis show that
students gained the higher mean scores of two science process skills than the assigned
criteria while the mean scores of two science process skills are less than the assigned criteria.
The results do not completely support the third hypothesis: students who do activities through

the curriculum, Chemicals in Everyday Life, have science process skills scores at a high level.

1.4 Manipulative skills
Hypothesis IV: students who do activities through the cumiculum, Chemicals
in Everyday Life, have manipulative skills at a high level.
According to this hypothesis, the students who study a selected topic precisely
in groups, were expected to be able to design and conduct an experiment. A result of this

procedure will be the students should gaining manipulative skills in a high level

The manipulative skills were evaluated by observing with a checklist of
experimental form which consists of 4 major parts: 1) methodical working, 2) experimental
techniques, 3) manual dexterity and 4) orderliness. These four parts were composed of 15
items with 4 checklists of methodical working, 4 checklists for experimental techniques, 3

checklists of manual dexterity and 4 checklist for orderliness.
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The reliability of scoring: the researcher and a participating teacher assessed
students’ manipulative skills by observing 3 groups of students and checked the results, The
points given by the researcher and the participating teacher were computed and analyzed to find
the correlation with the Pearson correlation coefficient technique. The correlation was .133 and it
correlated significantly at the .05 level. In regard to the students’ manipulative skills, the
researcher observed and evaluated their manipulative skills individually while they were conducting

their experiments.

The manipulative skills of the students from both schools are presented in

Table 23.

TABLE: 23: MANIPULATIVE SKILLS OF THE STUDENTS FROM BOTH SCHOOLS

Skills n M SD
Methodical working 68 243 -39
Experimental techniques 68 2.37 33
Manual dexterity 68 2.36 .34
Orderliness 68 233 .54

The scores in manipulative skills of the students from both schools were
lower than the assigned criteria (2.51) as shown in Table 23. A t-test analysis of one group
was conducted to determine if they gained scores significantly at the statistical level against

the criteria. The results are shown in Table 24.
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TABLE 24: T-TEST ANALYSIS OF THE MANIPULATIVE SKILLS OF THE STUDENTS FROM
BOTH SCHOOLS

Skills df M SD t p
Methodical Working 67 243 39 1.739 .087
Experimental Techniques 67 2.37 -33 3.492 .001
Manual Dexterity 67 2.36 34 3.578* .001
Orderfiness 67 233 .54 2.810* .006

t (o5, 06 = 1.699

The t-test analysis of manipulative skills indicated that the mean scores in
methodological working of the students from both schools are not significantly different at the .05
level. Where as the mean scores of: experimental techniques, manual dexterity, orderliness and
overall of manipulative skills were significantly lower than the assigned criteria significantly at the
05 level.

In regard to each school, the manipulative skill scores of the students from

Nguaba Wittayakhom School are presented in Table 25.
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TABLE 25: MANIPULATIVE SKILLS OF THE STUDENTS FROM NGUABA WITTAYAKHOM SCHOOL

Skills n M Sb
Methodical Working 27 2.44 .38
Experimental Techniques 27 2.18 21
Manual Dexterity 27 299 35
Orderliness 27 2.00 67

The scores of the manipulative skills of the students from Nguaba

Wittayakhom School are lower than the criteria (2.51). A t-test analysis of one group was

conducted to determine if the scores are significant at the statistical level against the criteria.

The results are shown in Table 26,

TABLE 26: T-TEST ANALYSIS OF MANIPULATIVE SKILLS OF THE STUDENTS FROM

NGUABA WITTAYAKHOM SCHOOL

Skills df M SD t p
Methodical Working 26 2.44 38 0.892 .381
Experimental Techniques 26 2.18 21 8.432* 000
Manual Dexterity 26 2.29 .35 3.172* .004
Orderliness 26 2.00 .67 3.241* .003

t (.05; df 26) = 1.679

The ttest analysis of the manipulative skills indicated that the scores in

methodical working of the students from Nguaba Wittayakhom School are not significantly

different at the .05 level. In regard to other skills: experimental techniques, manual dexterity,

orderliness and overall of manipulative skills, the result indicated that the mean scores of the

students in these skills are lower than the assigned criteria, with a staiistical difference.
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The scores of manipulative skills of the students from Mitiraphap School are

presented in Table 27.

TABLE 27: MANIPULATIVE SKILLS OF THE STUDENTS FROM MITTRAPHAP SCHOOL

Skills n M sSD
Methodical working 41 2.41 41
Experimental techniques 41 2.50 .33
Manual dexterity 41 2.41 33
Orderliness Ly 2.48 .36

Their scores of the manipulative skills of the students from Mittraphap School
were lower than the criteria (2.51). A t-test analysis of one group was conducted to determine
if the scores are significant at the statistical level against the criteria. The results are shown in

Table 28.
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TABLE 28: T-TEST ANALYSIS OF THE MANIPULATIVE SKILLS OF THE STUDENTS FROM
MITTRAPHAP SCHOOL

Skills df M Sb t p
Methodical Working 40 2.41 41 1.492 144
Experimental Techniques 40 2.50 33 0.194 847
Manual Dexterity 40 2.4 .33 2.055” 051
Orderliness 40 248 .36 0.504 617
t (o5, arag)= 1.706

The t-test analysis of manipulative skills indicated that the mean scores of
Mittraphap School students’ in methodical working, experimental techniques and orderliness are
not significantly different at the .05 level, only manual dexterity skill had mean score lower than the
criteria, with a statistical difference.

In conclusion, the scores for manipulative skills of the students from both schools
were not in the high level, nor was the score in each school. The results indicated that the
manipulative skills of the students were lower than the assigned criteria. The result did not

support the hypothesis {V.

1.5 Aftitudes towards Learning Science
Hypothesis V: students who do activities through the curriculum, Chemicals
in Everyday Life, have positive attitudes towards learning science in a high level.
According to this hypothesis, students were expected to gain the positive
attitudes towards leaming science in a high level after they participate in the curriculum Chemicals
in Everyday Life with local wisdom, instructed through the One Course One Cycle learning

approach,
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The data were collected by using 5-scale Likert questionnaire to assess
students’ attitudes towards learning science through the curriculum. The questionnaire
consisted of two main sections: one had 16 items concerning learning activities and the other
had 8 items on overall learning activities.

The attitudes towards learning science of students from both schools are

showed in Table 29,

TABLE 29: ATTITUDES TOWARDS LEARNING SCIENCE OF THE STUDENTS FROM
BOTH SCHOOLS

Scale n M SD
1. Learning Activities in Each Step 68 3.87 0.63
2. Overall Learning Activities 68 4.05 0.64

The mean scores of the attitudes of the students from both schools towards
learning science were higher than the criteria (3.51) as shown in Table 29. A t-test analysis of
one group was conducted to determine if the scores are significantly higher than the criteria.

The results are shown in Table 30.



66

TABLE 30: T-TEST ANALYSIS OF THE ATTITUDES TOWARDS LEARNING SCIENCE
OF STUDENTS FROM BOTH SCHOOLS

Scale df M SD t p
1. Learning Activities in Each Step 67 3.87 0.63 18.35* .000
2. Overall Learning Activities 67 4.05 0.64 20.71" .000

t {.05; df 60} = 2.390

According to the t-test analysis, it is indicated that the mean scores of their
attitudes towards both areas are higher than the criteria with significantly different at the .05 level.

So they had positive attitudes towards overall learning activities as expected.

The following table is showing attitudes towards learning science of students

from Nguaba Wittayakhom School.

TABLE 31: ATTITUDES TOWARDS LEARNING SCIENCE OF STUDENTS FROM NGUABA
WITTAYAKHOM SCHOOL

Scale n M SD
1. Learning Activities in Each Step 27 3.89 68
2. Overall of Learning Activities 27 3.98 68

The mean scores of the attitudes towards learning science of students from
Nguaba Wittayakhom School are higher than the criteria (3.51) as show in Table 31. A t-test
analysis of one group was conducted to determine if the scores are significantly higher than

the criteria. The results are shown in Table 32.
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TABLE 32: T-TEST ANALYSIS OF THE ATTITUDES TOWARDS LEARNING SCIENCE OF
STUDENTS FROM NGUABA WITTAYAKHOM SCHOOL

SCALE df M SD t p
1. Learning Activities in Each Step 26 3.89 .68 10.45* .000
2. Overall of Learning Activities 28 398 .68 11.32* .000

t {05; df 26) = 1.706

According to the t-test analysis, the mean scores of the attitudes towards
learning science in each step and overall, are significantly different at the .05 level.
The attitudes towards learning science of students from Nguaba Wittayakhom

School are presented in Table 33.

TABLE 33: ATTITUDES TOWARDS LEARNING SCIENCE OF STUDENTS FROM
MITTRAPHAP SCHOOL

Scale n M SD
1. Learning Activities in Each Step 41 3.91 .59
2. Overall of Learning Activities 41 4.02 .66

The mean scores of the attitudes towards learning science of students from
Mittraphap School were higher than the criteria (3.51) as shown in Table 33. A t-test analysis
of one group was conducted to determine if their scores are significantly higher than the

criteria. The results are shown in Table 34.
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TABLE 34: T-TEST ANALYSIS OF THE ATTITUDES TOWARDS LEARNING SCIENCE
OF STUDENTS FROM MITTRAPHAP SCHOOL

Scale df M SD t p
1. Learning Activities in Each Step 40 3.91 .59 15.16* 000
2. Overall Learning Activities 40 4.02 .66 14.74* .000

t(,05;df40) = 1.684

According to the ttest analysis, the mean scores of the attitudes towards
learning activities, in each and overall, of students from Mittraphap School were significantly

different at the .05 level.

In cenclusion, the fifth hypothesis is supported by the fact that the attitudes of all
towards leaning science were higher than the assigned level. Similarly, students in each
school showed the same results. This supports the hypothesis that students who do activities
through the curriculum, Chemicals in Everyday Life, have high positive attitudes towards

learning science.

1.6 Teachers’ Opinions towards the Curriculum
Hypothesis IV: teachers who instruct the curriculum, Chemicals for Everyday

Life, have positive opinions towards the curriculum at a high level.

According to this hypothesis, teachers who participate in this curriculum
development and its implementation were expected to have high positive opinions towards the
curriculum, Chemicals in Everyday Life with local wisdom and instructed through the One Course

One Cycle approach.
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The data were collected by using a 5-sclae Likert questionnaire. The questions
on opinions were divided into three sections: the curriculum, leamning activities and evaluation of

student learning outcomes.

The teachers’ opinions towards the course are presented in Table 35.

TABLE 35: THE TEACHERS’ OPINIONS TOWARDS THE CURRICULUM

SCALE n M SD
Opinions regarding the curriculum 3 4.43 .GO
Opinions regarding the learning activities 3 4.02 .59
Opinions regarding the evaluation of 3 447 51

student learning outcomes

According to Table 35 and Figure 5, teachers who participated in developing
and implementing the curriculum, Chemicals in Everyday Life with local wisdom and instructed
through the One Course One Cycle, had higher positive opinions, on each and overall section,

towards the curriculum than the criteria (3.51).

1 = Opinions regarding the cumiculum

6 i Mean scores 2 = Opinions regarding the leaming
W Critera activities

3 = Opinions regarding the evaluaticn

of student leaming outcomes

attitude scores

4 = QOverall opinions

sclaes

Figure 5 Comparison of the Teachers’ Opinions

Towards the curriculum against the Criteria (3.51)
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In conclusion, the opinions of the teachers towards the curriculum, learning
activities, students’ learning outcomes and evaluation were higher than the criteria. The finding
supports the hypothesis that teachers who participate in instructing the curriculum, have positive

opinions towards this curriculum at a high level.

2.3 Qualitative data
The qualitative data of implementation of the cumiculum were collected by informally
interviewing the students and teachers. The results of the interviews are as follows:
2.3.1 Student Interviews
Twenty-eight representatives of each group were interviewed for 5-10 minutes,
individually or in smail groups while they were studying in class. They were asked to express
opinions towards the curriculum. Results of the interviews were as follow:

The opinions of students towards applying local wisdom in learning activities
were:

1) Students have positive attitude regarding adopting local wisdom and
traditional practices to science learning activities. Their responses show their positive attitudes:
students learned what they had never known, students learned both science and local wisdom
which was integrated with the scientific knowledge about using chemicals in the local area, and
students have positive attitudes towards using local wisdom in daily life.

2) Students showed awareness of the importance of local wisdom:

2.1 It is important to learn local wisdom because people are able to adapt
to the daily life. Most people do not realize the value of local wisdom. For example, when
people get sick, they usually go to the doctor. On the other hand, local people can cure
themselves by using local herbs. They are very impressed knowing that elderly people do not
forget the importance of local wisdom.

2.2 Students want to learn about local wisdom because it is very useful
for their daily life, They hoped that everybody should conserve the importance of local wisdom.

Many students said that they understood science contents better when local

wisdom was incorporated in learning activities because these activities concern their daily life.
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In regard to iearning activities, students planned their own learning topics:

1) They studied by themselves; planning, designing, working and surveying in
order to conduct their own science projects. They feel free and have more self-confidence because
they have chances to think and select what they want to learn, survey, and conduct experiment.

2) They have chances to conduct experiments which they have never done before,

3} Most of the students say that they are able to learn science better
because they can select plans, and conduct experiments by themselves.

4) Few students disliked choosing and designing their own topics because
they did not understand the strategy of learning through the One Course One Cycle and it was
too difficult for them.

Comparing to the traditional instruction of science subjects, the following are what
students had learned from this curriculum:

1) how to survey, study, plan, analyze data, think, and solve problems on
their own

2) how to observe, identify variables, and conduct experiments on their own, 3)
getting experiences and skills in science experiments with real chemicals used in their daily
life. As a result, this teaching method helps students better understand scientific knowledge
than traditional teaching method.

Students also showed that they: 1) acquired more knowledge on the environmental
surroundings, local herbs and local wisdom in a community, 2) developed teamwork skills, self
confidence, presentation skills, and 3) gained knowledge of science learning processes such as
practice working on their own, learn how to study, know what they can do or cannot do,
responsibilities for studying and doing experiments on their own. The processes help students
understand science more explicitly because they do not only learn theories and contents in
textbooks, but they also get scientific knowledge from the environment.

In regard to teaching strategies, students thought that the teacher should do the
following: 1) explain how to use chemicals explicitly and make sure that students understand,
2) explain to students and guide them how to conduct an experiment and how to use
chemicals correctly and appropriately, and 3) explain about the harms of chemicals and how to

protect themselves.
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The students suggested that the roles of the teacher should be changed or
improved to help students learn more in this curriculum by: 1) explain to them more details, 2)
guide them how to conduct experiments, 3) guide them how to do and explain experimental
procedures if students do not understand, 4) advise them how to design and write science projects
and 5) provide adequate chemicals, materials and equipment, also, teachers should: 1) set
suitable team work and give more time to do such activities as surveys and experiments and
not to give many assignments in a short time.

In conclusion, the students had positive attitudes towards using local wisdom in leaming
science. They were also aware of the importance of local wisdom and environment. They leamed
science by doing experiments related to their daily life. It was obvious that they gained the scientific
knowledge from their science classrooms.

As a result of using the student-centered approach, students did not only improve their
investigative abilities in science, but they also improved their social skills. They learned to work in
teams and exchanged experiences with other students. They could ask local people to get data
related to the research and they were self-confident in learning science.

In summary, the students developed their science concepts, scientific methods,

laboratory skills, social skills, and attitudes towards science.

2,3.2 Interview of Participating Teachers

Participating teachers were interviewed for about 20-30 minutes after teaching their
science class. The results of the interviews are as follow:

1. In regard to the inquiry cycle approach, participating teachers believe that it
was a good teaching technique and the activities were based on student-centered approach,
for students could choose topics that they wanted to learn and they could plan, design and
conduct their experiments by themselves. The roles of teacher were as advisor and facilitator.

2. Problems of science learning activities which participating teachers maintained
were as follows:

2.1 Students lacked ideas for planning and designing their scientific experiments.
They were not familiar with the new learning system.

2.2 It took a long time to help students plan their experiments.
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2.3 Some students did not help the group complete their works, especially paper
works.

They suggested that teachers should prepare many sample experiment reports
related to the selected topics. Also, teachers should prepare variety of local contents for
students and each group of students should set their own responsibilities for each activity.

3. Problems of evaluation which participating teachers was the difficulty in
evaluating in manipulative skills. It was suggested that they should be evaluated through peer
assessment, observation of teachers and task assessment.

4. Teachers’ satisfaction with the curriculum are as follow:

4.1 Participating teachers are satisfied with implementing this course because
the activities were based on the children centered approach and scientific inquiry. Students had
opportunities to learn what they want to, they can plan, design and conduct experiments by
themseives. The processes help them improved their skills such as cognitive, psychomotor, and

affective domains as well as thinking skills. It also improved students’ science process skills.

4.2 Participating teachers were satisfied with the teaching approach, One
Course One Cycle, because this technique focused on student-centered activities, which helped
students learn how to construct knowledge based on local wisdom. This method provides
students with constant knowledge.

However, a participating teacher was concerned with using the One Course
One Cycle technique in other core courses such as Chemistry and Physics. She suggested
that it might have covered all the science contents if the cycle had been planned for each unit
instead of the whole course.

5. Participating teachers were satisfied with learning activities based on the
investigative approach because they were able to improve their scientific skills, They learned to
search, ask, plan, design and conduct experiments by themselves. As a result, they enjoyed
participating in the curriculum, especially doing out-door activities.

6. Participating teachers were satisfied with the learning activities based on local
wisdom because of the following reasons:

6.1 Students understood local wisdom and adopted it in their daily life. Local

wisdom is the knowledge accumulated through years of experience
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6.2 Leaming activities with local wisdom could help students increase their
awareness of its value.

7. Activities which participating teachers may apply to instruct other topics or
courses:

7.1 providing opportunity for students to interview famous local people in
many villages to get more ideas regarding wisdom in using chemicals in everyday life,

7.2 incorporating local wisdom in teaching science such as strategies for
getting information from local people through surveys,

7.3 using the learning cycle to teach other science courses or topics.

8. Students were satisfied with the course and learning activities of the One
Course One Cycle approach. Their satisfaction was identified as their learning outcomes,
tasks, attitudes, interest and responsibility.

9. Participating teachers believed that students were interested in the learning
activities of the course based on the inquiry cycle approach and the approach could also be
applied to other science courses.

According to the interviews of participating teachers, teaching the course, Chemicafs in
Everyday Life with local wisdom could be a good model of teaching science because the model
could improve all learning aspects of science such as cognitive, affective and psychomotor aspects.
Since it is based on children-centered approach, students could learn science from local environment
and they could be kept aware of the importance of local wisdom and its usefulness.

However, the participating teachers found some problems in teaching Chemicals in
Everyday Life. These problems are: 1) students' lacking of the ability in scientific design, and
limitation of time that is: the manipulative skills require more time to be evaluated.

In conclusion, the participating teachers believed that they were able to apply the

approach to teach other science courses or topics with the inquiry fearning approach.

Curriculum Evaluation

The curriculum was evaluated by a group of experts (see Table 40) in science
instruction in Maha Sarakham, who are two university lecturers, two supervisors, one

secondary science teacher and three participating teachers. The meeting was held on July
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15th 2004 at Rajabhat Maha Sarakham University. The aims of the meeting were to introduce
the ideas of curriculum development to educators in Maha Sarakham. The researcher presented
the strategies for curriculum development, principles, curriculum documents, results of the
preliminary study and implementing the curriculum.

As a result of the meeting, the experts agreed with the principles of the curriculum in using
local wisdom with science instruction. They commented that it was a good approach to use the One
Course One Cycle in science instruction, nothing that there were a few open-inquiry activities of
science curricula in Thailand. According to the approach, students are free to choose topics, design
and conduct experiments. The final products of students' investigations are science projects.
According to this learning methodology, it is a completely open-inquiry strategy. This instructional
approach is consistent with the 8‘h of the Thai National Education Standard in Science regarding the
nature of science and technology.

Since this curriculum incorporated local wisdom in every learning activity, students learn
science from their real life situations and environments. This reflects the National Education Policy
regarding teaching local wisdom and using local resources. Consequently, the experts supported
the idea of applying this curriculum to teaching science classes by adapting it to other science
contents and school contexts,

The experts recommended that the teacher Guide Book should consist of contenis with
sample of local wisdoms or practices and some scientific explanations. Science teachers then
would be able to apply it in their own teaching activities, both in core courses and elective courses.

Based on the experts’ recommendations and results of the preliminary study and
implementing the course, the researcher revised the curriculum documents for this curriculum--
Chemicals in Everyday Life and proposed as an elective science curriculum for lower secondary
school students. This curriculum will enable students to develop their investigative science skills.
The One Course One Cycle should also be used as a teaching strategy to set learner-centered
activities and should be introduced and promoted among science teachers in lower secondary

schools.



CHAPTER 5
CONCLUSION AND DISCUSSION

This chapter presents the conclusions of the study related to the objectives,

hypotheses, research instruments, procedures conclusions, imptlications and recommendations.

Objectives of the Study

Objectives of the study are:
1. to develop and implement an elective science curriculum, Chemicals in
Everyday Life, for the lower secondary school students. The curriculum is based on the
standard-- Subsfances and Their Properties.
2. to study the results of implementing the elective science curriculum,

Chemicals in Everyday Life, on students’ learning outcomes.

3. to survey the opinions of teachers on the elective science curriculum,

Chemicals in Everyday Life.

Research Hypotheses

The hypotheses of this study are:

1. Students who do activities through the curriculum, Chemicals in Everyday Life,
have higher post-test scores than pre-test scores.

2 The mean scores of the students who do activities in different units of the
curriculum, Chemicals in Everyday Life, are not different.

3. Students who do activities through the curriculum, Chemicals in Everyday Life,
have science process skills at a high level.

4. Students who do activities through the curriculum, Chemicals in Everyday Life,
have manipulative skills at a high level.

5. Students who do activities through the curriculum, Chemicals in Everyday Life,
have attitudes towards learning science at a high level.

6. Teachers who implemented the curriculum, Chemicals in Everyday Life, have

positive opinions towards this curriculum at a high level.
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Research Instruments

The research instruments used in the study are as follows:

1) The Curriculum

2) The Evaluation Forms of Curriculum Documents

3) Pre-and Post-Tests

4) The Evaluation Form of Science Process Skills

5) The Evaluation Form of Manipulative skills

6) Questionnaire on Students’ Attitudes towards Learning Science
7) Questions for Student Interviews

8) Questionnaire on Teacher's Opinions towards the Curriculum

9) Questions for Teacher Interviews

Research Procedures

The research procedures were as follows:
Step 1: Curriculum Preparation:

The researcher studied related documents and gathered information on local

wisdom related to the science contents.
Step 2: Curriculum Design:

The following procedures were used in the curriculum design phase:

2.1 Writing curriculum documents: the researcher wrote the draft curriculum
that consisted of: 1) principles, 2) course description, 3) expected learning outcomes,

4) activity plans, 5) teacher guidelines, 6) assessment tools and 7) curriculum evaluation.

2.2 Selecting teaching strategies: the One Course One Cycle was incorporated
with the curriculum. The activities were based on local wisdom and resources.

2.3 Writing activity plans and assessment tools: activity plans and assessment
tools were examined by experts and developed by the researcher.

2.4 Selecting and preparing participating teachers: Participating teachers are
volunteers who were local science teachers in Maha Sarakham, having at least five—year
experience in {eaching science.

2.5 Examining curriculum documents: a group of experts examined the

curriculum documents to check the content validity.
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2.6 Conducting a preliminary study: The preliminary study was conducted to
teach MS |l students at Kampom Wittayakom School, Maha Sarakham, during December
1 - 30, 2003. The aims of this phase were to check the activity plans of different phases
of learning cycle and to familiarize teachers with the learning cycle strategy.

Step 3: Field Study

This step aimed at instructing the curriculum in a real classroom. The
curriculum was instructed by two participating teachers at Nguaba Wittayakhom school in
Vapipathum Distric and Mittraphap school in Kaedam District, Maha Sarakham, during
January 3, to March 3, 2004.

Step 4: Evaluating and Revising the Curriculum

A meeting of experts was held on July 14, 2004 to discuss the development
and results of the curriculum: Chemicals in Everyday Life with an inclusion of local
wisdom. The responses and recommendations of the experts were used to evaluate the

curriculum.

Conclusion

The research findings were concluded as follow:

1. Curriculum Development: The curriculum was developed based on the 3"
and Bth standard strands of Thai National Education Standard in Science regarding.
matters and their properties and nature of science and technology. The learning activities
were integrated with local wisdom and instructed by using the One Course One Cycle
strategy which consisted of 5 phases: 1) engagement, 2) exploration, 3) explanation and
conclusion, 4) elaboration and exchange experiences, and 5) evaluation and application.

This curriculum was an elective science course for lower secondary school
students. It was a 36-hour course. The main principle of the curriculum is to illustrate
investigation of students. The students interviewed local people to get basic information
for planning their investigations. They chose topics to investigate, plan and design their
survey /experiments by themselves. The students worked on a science project in groups
and presented their findings to other students in class. The teacher facilitated them and
assessed their learning outcomes in every phase of the cycle.

The experts examined the curriculum documents, and the curriculum documents

were revised and implemented in two classrooms by two participating teachers.
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2. Curriculum Implementation
The results from the curriculum implementation provided two types of data:
1)
quantitative data for testing the research hypotheses and 2} qualitative data for examining
other effects of the curriculum.
2.1 Testing Research Hypotheses

In the implementation of the curriculum, data were collected to test the
research hypotheses and results are as follow:

2.1.1 Hypothesis I students who do activities through the curriculum,
Chemicals in Everyday Life, have higher post-test scores than the pre-test scores. This
hypothesis aims to test students’ learning outcomes in the cognitive domain after they
complete the curriculum: Chemicals in Everyday Life with inclusion of local wisdom. The
pre- and post-tests scores were used to test this hypothesis by comparing the mean
scores with a pair-wise t-test.

According to the t-test result, it was found that the pre- and post-test scores
of all the students in both schools were significantly different at the .05 level. This indicates
that students gained higher post-test scores than pre-test scores and the result supports the
first hypothesis.

2.1.2 Hypothesis |I: the post-test scores of students who do activities in
different units through the curriculum, Chemicals in Everyday Life, are not different. In
regard to the scientific leaming method, students exchanged their learning experience with
other groups. Although they studied different topics in depth, their post-test scores were not
different. To test the hypothesis, the post-test scores of the students were tested by using
the ANOVA technique. The result indicated that their post-test scores were not significantly
different at the .05 level. This indicates that students performed activities of different topics
through the One Curse One Cycle learning approach, and their cognitive learning outcomes
were not different. This supports the second research hypothesis.

2.1.3 Hypothesis i students who do activities through the curriculum,
Chemicals in Everyday Life, have science process skills at a high level.

According to this hypothesis, it is expected that working in group is able

to help students study, design and conduct experiments on their selected topics, analyze



8o

data and draw conclusions of the experiments. The students in the study were able to
improve their science process skills at a high level.

The science process skills of the students were assessed by examining
their experimental and exploratory reports. The mean scores were against the assigned
leve! to test its statistical significance. The t-test result showed that the mean scores of two
science process skills—classifying & grouping data and organizing & interpreting data—
were higher than the assigned score. However, their score in the other science process
skills—observing, inferring and making conclusions and overall skills were less than the
assigned criteria. The results rejected the third hypothesis.

2.1.4 Hypothesis IV: students who do activities through the curriculum,
Chemicals in Everyday Life, have manipulative skills at a high level. The manipulative
skills were evaluated by observing with a checklist and experimental form which consisted
of 4 major parts: 1) methodical working, 2) experimental techniques, 3) manual dexterity
and 4) orderliness. The mean scores of these manipulative skills in both schools were
compared against the assigned leve!l and the statistical significance of each skilt was tested

by a one group t-test.

The result showed that the scores in the manipulative skills of the students
in both schools were not statistically different. The results indicated that the manipulative
skills of the students were lower than the assigned criteria. The result then rejected the
fourth hypothesis.

2.1.5 Hypothesis V: students who do activities through the curriculum,
Chemicals in Everyday Life, have positive attitudes towards learning science at a high
level. This hypothesis assumes that students gain the positive attitudes towards learning
science at a high level after they participate in this curriculum with an inclusion of local wisdom
instructed through the One Course One Cycle learning approach. The attitudes of students’
towards learning science were evaluated by a 5-scale Likert questionnaire. The mean
scores of students in both schools were compared against the assigned level and the
statistical significance of the attitudes is tested by a one group t-test.

The results showed that all students in both schools had higher positive
attitudes towards leaning science scores: 1) learning activities in each step, 2) overall of
learning activities and the overall of attitudes were statistically higher than the assigned

level. This supported the hypothesis that students who do activities through the
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curriculum, Chemicals in Everyday Life, have higher positive attitudes towards learning
science.

2.1.6. Hypothesis VI: teachers who participate in instructing the curriculum
have opinions towards the curriculum at a high level. According to this hypothesis it is
expected that teachers who participate in curriculum development and implementation have
high positive opinions towards the curriculum, Chemicals in Everyday Life with an inclusion of
local wisdom and instructed through the One Course One Cycle approach. Data were
collected by a 5 sclae Likert questionnaire. The questions were divided into three sections: 1)
the curriculum, 2) leamning activities and 3) evaluation of student learning outcomes. The

mean scores were compared against the assigned level.

The results showed that the participating teachers’ had opinions towards the

curriculum were higher than the assigned level and this supported the sixth hypothesis.

2.2 Conclusion of Qualitative Data
The qualitative data were collected through 1) interviewing students and
participating teachers and 2) observing classroom activities as follows:

221 Student interviews and classroom activity observations:
according to the data, it was concluded that the students had positive attitudes towards
learning science with local wisdom. They were also aware of the importance of tocal
wisdom and local resources. They learned science by doing experiments related to their
daily life. It is obvious that they have gained scientific knowledge from their science class.

According to the student-centered approach, the students not only
improved their investigative abilities in science, but also developed their social skills. They
learned to work in teams and exchanged experiences with other students. They were able
to ask local people for data related to their investigations. In other words, they were more
self-confident.

Since learning activities were based on the student-centered approach, the
students worked on topics of their interest in groups. They planned to survey by asking local
people and conducted an experiment on their selected topics. They followed the plan for
surveying and conducting experiments. The resuts showed that the students become more
self-confident in studying this course.

In conclusion, both qualitative and quantitative data indicated that the students

developed their abilities in learning science contents, scientific method, science process skills,
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manipulative skills, and their attitudes towards science as well as their social abilities such as
team working and asking-questions were increased.
2.2.2 Teacher Interviews: according to the data, it was concluded

that the participating teachers had positive attitudes towards the curriculum. They claimed
that this curriculum was a good model of teaching science because it was based on the
children-centered approach. In regard to the learning strategy, the students improved all the
learning aspects such as cognitive, affective and psychomotor, including thinking and problem
solving skills. The teachers also instructed other science courses using the One Course One
Cycle. Moreover, the participating teachers were satisfied with teaching the students by
using local wisdom because their students had learned science from their daily life or
environmental surroundings. This enable them to be aware of the importance of local wisdom in
their daily life.

However, the participating teachers found some problems while teaching the

curriculum: Chemicals in Everyday Life. These problems were 1) students’ lacking ability for
scientific design, 2) limitation of time and 3) difficulty in evaluation of students’ learning

outcomes. In conclusion, the participating teachers are confident that they are able to apply

the approach to teach other science courses or topics with the inquiry cycle approach.

3. Curriculum Evaluation

The curriculum was evaluated by a group of experts in science instruction in
Maha Sarakham. The researcher presented the strategies for the course development,
principles of the course, curriculum documents, the results of preliminary study and
implementing the course. According to the discussion of the experts on the curriculum,
they commented on this curriculum that it is a good example of developing a curriculum
based on local wisdom. The learning activities helped demonstrate the opened-inquiry
approach. Students who participated in this curriculum learmned the investigating processes
and scientific method. They also did the science-learning activities and integrated with
local wisdom, by themselves. It was obvious that they understood science concepts precisely
and correctly.

As a result, the experts encouraged other science teachers to develop another
science curriculum by using this curriculum as a guide by adapting the science contents

according to schoof contexts.
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The experts recommended that the Teacher Guide Book as a good book. It
consists of contents with local wisdom and some scientific explanations regarding different
units 1) Detergents 2) Food Additives and Preservation of Food 3) Natural Dyes 4) Natural
Insecticides and Pesticides and 5) Herbal medicine. This book presents the samples of local
wisdom in Vapipathum and Kaedam District, and some scientific explanations. The experts
were confident that the science teachers in Maha Sarakham would be abie to apply the

learning activities and contents to their science core courses and elective courses.

Discussion

The following are discussions on the study results:
1.  Students’ Learning Outcomes
1.1 Cognitive
1.1.1  In regard to students' learning outcomes in the cognitive domain,
the pre- and post-test scores showed that the mean pre- and post-tests scores of the
students were significantly different at the .05 level. The result supports the research
hypothesis because the mean of post-test scores was higher than the mean of pre-test
SGores.

Students’ learning outcomes in the cognitive domain were evaluated by
pre- and post-tests. The test focused on 1) knowledge and comprehension, 2) application
of scientific knowledge and methods and 3) process of scientific inquiry; with relative
percentage in items and scores 28, 28, and 44, repectively. The result supported the first
research hypothesis that students who did all learning activities in this curriculum would gain
higher post-test scores than pre-test scores.

In regard to the instructional approach, students were allowed to focus on
the learning process of team working: design and survey as well as design and conduct
experiments. The students then presented their findings in class. As a result of these
procedures, the students gained higher post- test scores than pre-test scores. The result
was similar to the findings of Verilette (2000: 236) which found that students who
participated in the intervention program which instructed through 5Es in 5 weeks gained
significantly higher post-test scores than pre-test scores. Haury (1993: online) aiso found
that students who participated in the inquiﬁ approach gained higher cognitive learning

outcomes. Hands-on activities were major factors to enhance their learning outcomes.
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Stohr-Hunt (1996: 101) claimed that students who did hands-on activities once or twice a week

gained more standard test scores than students who did hands-on activities 2-3 weeks a time.

1.1.2 The post-test scores of the students in each group regarding
the contents of each unit were not significantly different at the .05 level. It supported the
second research hypothesis.

Considering the post-test scores of students as classified in units for in-
depth study, the post-test revealed that about 22 percent of students understanding in
knowledge and comprehension, 22 percent in application and 44 percent in science
process skills. Although students from each unit of study gained different mean scores,
there was significant difference between these mean scores. In regard to the One Course
One Cycle learning activities, they were based on the learning cycle processes that were
learner-centered. Even though the students worked on the different topics, they used
similar processes of learning activities: collecting information from local people and
academic documents, designing surveys and experiments, doing surveys and
experiments, analyzing data and making conclusions. Each group presented their study
and its findings to its class and they exchanged knowledge and experiences. Eventually
the teacher summarized the main principles for the class. According to the similar learning
processes, the students recognized the processes of investigation and applied them to
answer similar questions on the test. Therefore, their mean post-test scores were not
significantly different at the .05 level.

According to the learning methodology, it is suitable to teach students work
on science projects because the methodology provides them opportunity to select a topic,
plan, design, conduct experiments and draw the conclusions of their study. Therefore, the
learning activities through the One Course One Cycle approach are good activities to teach

students to do both exploratory and experimental projects science projects.

1.2 Science Process Skills
According to comparison of the scores, it was found that the students
gained significantly lower scores of science process skills than the assigned score. This
finding rejected the third research hypothesis. In regard to each of the science process

skills, the results of comparison showed various findings as foliows:
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1.2.1 The scores of their science process skill—classifying and grouping
data as well as organizing and interpreting data—were higher than the scores of the
assigned criteria, with the mean scores being 2.86 and 2.83, respectively. Their scores
were obtained by checking the exploratory report which was related to an interesting topic,
an exploratory strategy which the students interviewed people in the local community. The
data were recorded and presented in graphs. The results were supported by the study
conducted by Haury (1993 online) who found that the inquiry approach helped students
more improve the skills in writing graphs and interpreting data.

1.2.2 The scores in some science process skills of the students were not
significantly different. These science process skills were 1} formulating hypothesis, 2)
identifying and controlling variables and 3) conducting experiments. The mean scores
were 2.29, 2.39 and 2.32 respectively. Even through the students did not improve their
skills up to the assigned criteria, but the learning approach provides the students with
various activities based on the learning process, so the students have improved their
science process skills in a certain level. This support the study by Germann; Aram &;
Burke (1996: 90). They evaluated the science process skills of grade-7 students and
found that only 1.8 percent was able to control the variables while 28.3 percent was able
to assign the variables. They also stated that science process skills were the basics of
studying science. They also stated that although science process skills are the basics of
studying science, college students still have no enough such skills: what they have are
only for beginners (Germann; Aram &; Burke. 1996: 97). In this study, participating
students were only 12 —- 14 years old, the age group for the formal operational stage of
Piaget's cognitive development theory. Students at this age are not mature enough to
understand abstract relationships. Students are still confused with abstract relations such
as relationships between dependent and independent variables. Even through students
took a long times to define variables, their answers were still wrong.

1.2.3 Their mean scores of the science process skills, which were significantly
different, were less than the assigned criteria. These science process skills were 1)
observing, 2) inferring and making conclusion and 3) overall skills. The mean scores of
these skills were 1.85 2.09 and 2.37 respectively.

The students of each group conducted the experiments on different topics based
on a basic science process skills, and observation skills. The result showed that the

observation skills were lower than the assigned criteria. Germann; Aram &; Burke (1996: 90)
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study also revealed that only 16.2 percent of the students satisfyingly recorded data in tables
while their inferring and making conclusion skills were lower than the assigned criteria. The
results may have been caused by students’ recording or writing data shortly and they
made conclusions on findings without identifying by relations.

According to the above reasons, the scores of students’ science process skills
were significantly lower than the assigned criteria significantly. The resuit then rejected the
third research hypothesis.

1.3 Manipulative skills

The manipulative skills of the students were compared to the assigned
criteria and the results rejected the fourth research hypothesis. The scores in manipulative
skills of the students in both schools were significantly lower than the assigned criteria.

In regard to the data, the result may be caused by the experiments. The
students conducted a few experiments on developing manipulative skills which are required
more practice. According to Thorndike's law of exercise, the more one practices, the better
it is for one's memory. Therefore, manipulative skills need more conducting experiments.
Anderson (1980: 256) stated that three steps of learning skills are 1) a cognitive stage, in
which a description of the procedure is learned, 2) an associative stage, in which a method for
performing is worked out, and 3) an autonomous stage, in which the skills become more and
more rapid and automatic.

Another explanation for findings of the study regarding the low scores in
manipulative skills was time limitation. The students did not have enough time to practice:
they had done few experiments before they designed and conducted their own
experiments. Nittaya Kongpan (2003: 40) claimed that her students also had some
problems in conducting integrated science projects because they did not have enough
experience. On the other hand, students need time to become familiar with the learning
procedure, or to do more practice. This statement was supported by S. Thompson's
interview with Precharn Dechrsi  (Precharn Dechsri. 1994 : 96; citing personal
communication, June, 1993, and November. 1993). Thompson believed that each skil
needs to be practiced many times. In regard to complex skills, he also believed that the

fluency in each skill will improve through hundreds of attempts.



87

1.4 Attitudes towards Learning Science

Attitudes of the students who did activities through the curricufum instructed by
using the One Course One Cycle with an inclusion of local wisdom were significantly higher
than the assigned criteria. This finding supported the fifth research hypothesis. The results
are similar to many studies; Ebrahim, McCormick and Meade. Ebrahim (2004: Online)
compared the effect of the student-centered approach to that of a traditional approach on the
students’ attitudes on learning science. It was found that students who were taught by the
student-centered approach developed better positive attitude than the traditional approach.
Siritarly, McCormick (2000: Online) stated that students who learned biology through the 5Es
instructional approach had better attitude towards science. Meade (2002: Online) also found
that undergraduate students who learned chemistry by using the learing cycle gained positive
attitude towards science. As a result of this study, the students did all activities by themselves
in groups. They had opportunities to do many things they had never done in previous science
courses. These were new situations for them; so they felt good in leaming science.
Furthermore, Siriporn Manopichatewattana (2004: Abstract) claimed that her students were
happy and they enjoyed learning science through active leaming activities. Consequently,
students had positive attitudes towards science subjects (Billings. 2001: online)

Learning activities based on local wisdom provided students with opportunities
to ask local people for basic information and knowledge regarding the local wisdom, after
which they planned and designed their own experiments related to their daily life. Thus, the
students have learned the way of life of people in the local community. This also enhanced

students’ attitude towards science and their awareness of the value of local wisdom;
students were taught and they learned to recognize that local people's way of life does not

depend on only advanced technology. Their local wisdom is able to bring them safety and
happiness.

Moreover, the activities make the students aware of the importance of plants
and herbs. For example, in the past people used a Catunaregam spathulifolia Tirveng fruit
to clean their clothes, used citrus fruit to clean their hairs. They painted the floors of their
houses by using solutions extracted from different kinds of tree barks. Teaching science
based on local wisdom illustrated that it can help students to become active and eager to
learn science because they feel that science is not abstract and far from their reat life.

(Keating. 1997: 25; Cessna & Cessna. 2001; 28: citing. Epp. 1995)
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2. Teachers’ Opinions
According to the data, it was found that participating teachers had positive opinions
towards the course, Chemicals in Everyday Life with an inclusion of local wisdom and towards
the instruction through the One Course One Cycle approach. The result was determined by
the mean scores of each section of the questionnaire regarding 1) the course, 2) learning
activities and 3) evaluation of students’ leaming outcomes. The result was also supported by
the qualitative data from teacher interviews and the researcher's classroom observations.
Teachers' opinions were higher than the assigned criteria because the participating teachers
were provided with the strategy of the school-based curriculum development based on the
Thai Educational Reform. It enabled them to use the student-centered instructional approach
with local wisdom in their science classtooms. The students’ performance was evaluated by

authentic assessment. The participating teachers developed and revised classroom activities

to achieve the expected learning outcomes in the preparing and preliminary study phases.

In classroom instruction, students investigated and performed their tasks in
groups by themselves. They enjoyed working together in every task. They planned,
interviewed local people, designed experiments, conducted experiments, analyzed data,
and presented their findings to the class. The students performed their tasks with the
advice of the teachers. According to the results, it showed that the teachers were happy
and they enjoyed instructing with this strategy. It was obvious that the strategy enhanced

their positive opinions towards the curriculum.

Recommendations

Regarding the development and implementation of the curriculum: Chemicals in
Everyday Life with an inclusion of local wisdom, the One Course One Cycle was used in
instructing this curriculum. To further enhance the effectiveness of this instructional
strategy in teaching science and to enhance students to achieve all expected learning

outcomes, the researcher recommended the following:

1. General Recommendation
1.1 Application of the Curriculum
1.1.1 The activities of the curriculum were based on the One Course One

Cycle approach. The results showed that the post-test scores of the students who studied
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of different topics in depth were not significantly different. The result indicates that
although students who did in-depth study in different topics with the same procedures of
investigative techniques, their post-test scores were not different. It means that students
do not have to study all topics in depth. They can exchange experiences and contents
with other groups during the phase of elaboration and exchange experience. The learning
cycle approach is one way to help students iearn more science contents as specified in
the National Educational Standard (Wiider;& Shuttleworth. 2004: 25). This shouid be
promoted to be used in other science classes.
1.1.2 The results of this study showed that students gained only some

science process skills at a high level. According to the students' performance reports, the

students did not understand how to define experimental variables precisely and they did
not record quantitative data. This means that students should learn and do more
experiments with additional activities so that they would be familiar with those skills.

1.1.3 Students learned science through the learning cycle approach better
than the traditional one. The result was consistent with the study conducted by Madoazo;
& Rhoton (1999: 27) and Keating (1997: 25). Students who learn through this technique
enjoy learning science by asking local people and surveying local resources, this was also
claimed by Billings (2001: Online). Integrating local wisdom with science instruction is a
practical and useful way to enhance students’ understanding in science.

1.1.4  After students participated in this curriculum, they conducted their
own surveys and prepared/wrote the experiment reports actually their science projects.
Students could conduct their science projects as required in the eighth National Education
Standard for each level of learning science. This means that through participating in this
curriculum, students could conduct their science projects. From this reason, this
currictlum should be promoted among science teachers in Maha Sarakham and other
provinces, as an example of a successful curriculum which is based on the students’
center approach, opened-inquiry and inclusion of local wisdom.

1.2 Application of the Instructional Strategy
1.2.1 Class time should be extended for instructing this curriculum
through the One Course One Cycle since it focuses on student investigation: students
work in teams, plan, design, conduct their own surveys and experiments before they
process or analyze data and draw conclusions. However, students in the secondary

school level do not have enough experience in planning and designing experiments
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because they are still accustomed to the traditional teacher-centered instructional strategy.
Students of this level need more time and practical skills to prepare themselves in
designing their own experiments, processing and analyzing data before drawing
conclusions. Extended learning time will help students to practice enough science
process skills before they can conduct their own experiments. This will also enhance their
manipulative skills.

1.2.2 The participating teachers were prepared to instruct this curriculum
by first participating in the Teacher Preparation Workshop and discussion regarding
planning the activities. They also observed a class during the preliminary phase to
become familiar with organizing every phase of the learning cycle. So, teachers who wilt
implement this curriculum in teaching their classes should carefully study from the
Teacher Guide Book.

1.2.3 Teachers who will implement this curricutum to their class should
not only study the Teacher Guide Book but also gather more information regarding local
wisdom in the school surroundings. This will enable the teachers to give better advice to
students on planning their investigation as well as designing their experiments.

1.2.4 Teachers should prepare enough necessary instructional materials for

students such as reading extracts from journals and textbooks, VCD's, Internet and sample

science project reports.

1.2.5 Each group of students studied different topics in depth, based on
their interest. In this study, they then shared their findings and experience to other groups
during the elaboration phase. This is why teachers should spend more time on advising
each group to plan and design their surveys and experiments. Teachers should also act
as counselors and facilitators. Moreover, teachers should spend more time on reading,
making comments and helping their students prepare experimental materials.

1.2.6 Teachers should encourage their students to work on special
assignments in groups in order to achieve intended learning outcomes.

1.3 Setting School Policies

According to the Thai Basic Education Curriculum (BEC), teaching
Methodology should focus on the learner-centered instructional approach. Learning
activities should be based on the local wisdom and resources. School Principals should
encourage and support teachers to develop the local school curriculum based on the

student-centered approach. Nowadays, there are few examples of instructional strategy
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and learning activities with integrated local wisdom. Varapron Watjanapun; & et al. (2001)
claimed that use of local wisdom is frequently found in the areas of industrial science
teaching, herbal Thai medicine, and agriculture with 60, 26.6 and 13.3 percent, respectively.
Srisamorn Phumsaard and Monnipa Chutibut stated that subjects in the secondary school
level instructed with local wisdom were the Thai Language, Professional Education, and Social

Sciences (1996: 45-46).

2. Recommendation for Further studies

Recommendations for further studies were as follow:

2.1 According to the study, the students’ score in only two science process
skills were in a high level. While their scores in manipulative skills were significantly lower
than the assigned criteria. This finding did not support the study expectation.

Further studies should be conducted to find out suitable numbers of learning
activities and appropriate time for secondary students in which they would be enabled to
develop more science process and manipulative skills.

2.2 In this study, students’ science process skills were evaluated according
to their exploratory and experimental reports which were assessed after they had
completed their tasks. It is obvious that they spent much time on completing their
experiment and writing reports. Germann; Aram &; Burke (1996) claimed that their
students took a long time to complete their experiments and reports.

Further studies should be conducted to find out if increase in frequency of
assessment is necessary to follow up students’ performances effectively.

2.3 According to the leamning strategy used in this study, students were provided
with opportunity to study in dept topics of their interest. By doing this, they had a variety of
topics for investigation such as using herbs to eliminate unpleasant breath smell, using
solutions extracted from different tree barks as wood paint.

Further studies should also aimed at investigating students’ creativity and

ability in applying their knowledge in novel contexts or situations
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1.1 The Curriculum

Principles

The curriculum, ““Chemicals in Everyday Life, " is an elective science curriculum
for lower secondary school students. The curriculum focuses on the inclusion of local
wisdom, practice and resources relative to the use of chemicals in everyday life to leaming
activities. Using Chemicals are classified into five areas which include: 1) detergents; 2)
food additives and preservation of food, 3) natural dye, 4) natural insecticide and pesticide,
and 5) herbal medicine. These chemicals are studied by properties and usage of. Affects
of using them are also studied by comparison between traditional local chemicals and
modern chemicals.

Students should learn to develop their knowledge through scientific methods. The
course aims to enhance students’ understanding of science, the scientific processes, the

scientific mind and the awareness of conserving local wisdom.

Course Description

Investigation of traditional local wisdom related to some chemicals in everyday life
which includes detergents; food additives and preservation of food; natural dye; natural
insecticide; and pesticide and herbal medicine. The investigation focuses on properties,
and the use of these chemicals and comparison of the affects of using chemicals between
traditional local practices and modern practice.

Students use scientific methods of: inquiry approach, investigation, exploration,
discussion and conclusion to develop their knowledge and understanding regarding the use
chemicals by local wise people. Students apply knowledge and skills to everyday life.

Students aim to improve scientific minds and local wisdom with conservative values.

Prerequisite
Students should have a background in these topics: properties of matters, elements,
compounds, solutions, acid-base, reactions of acid-base and substance separation

technigues.
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Intended Learning Outcomes
1. Explore, survey, verify and present findings in these topics:

1.1 Determine topics which students will investigate

1.2 Plan the investigation by survey and experiment. Follow the plans to get data

1.3 Analyze, draw conclusions and explain data from the investigation to get
information,

1.4 Present the information or knowledge from the investigation to exchange
knowledge and experiences with other students.

1.5 Evaluate knowledge and conclusions that students get from their
investigation and exchange experiences to apply this knowledge to new
situations,

2. Formulate hypotheses, identify and control variables

3. Conduct experiments to verify some chemical properties such as solubility,
acidity and alkalinity of natural substances related to detergents; food additives
and preservation of food; natural dye; natural insecticide and pesticide and
herbal medicine

4. Plan, survey and present the results regarding local wisdom as topics of student
interest which related to detergents; food additives and preservation of food;
natural dye; natural insecticide and pesticide, and herbal medicine

5. Design and conduct experiments, analyze and draw conclusions from data, and
present the findings as related to the topics of students’ interest

6. Compare advantages and disadvantages or limitations of using chemicals as

tocal wise men/ women do at present

Learning Activities
This course, "Chemicals for Everyday Life,” is an elective science for students at

Key-state 3 (Mathayom Soksa 1 — 3). The investigation focuses on the explanation and use
natural chemicals in accordance with local wisdom by scientific knowledge. Learning
activities are set in learning cycle format as One Course One Cycfe. There are five phases
in the cycle: engagement, exploration, explanation, elaboration and evaluation (see Figure
1.1). Leamning activities lead students to investigate the topics of their interest by
interviewing local wise people, exploring local resources as well as doing experiments in

science class. Students work as a team to carry out their findings.



Engagement

=> Topics of interest

Evaluation and application
=> Assess student's
understanding

=> The application for further study

Exploration

=> Data

Elaboration and exchange

Explanation and conclusion

ideas => Information/knowledge
=> Exchange experiences

Figure 5 Phases and Main Outcomes of the Learning Cycle

Learning Activity Plans
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Learning activity plans for the curriculum, “Chemicals in Everyday Life,” with the

insertion of local wisdom are focused on the students’ investigation through the learning

cycle as One Course One Cycle. The activity plans are divided into five major phases,

engagement, exploration, explanation & conclusion; elaboration & exchange of ideas: and

evaluation & application. Approximate time, intended learning results, main information,

procedures and activities of the teachers and students for each phase are shown in the

following table.
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Phase | Engagement

4 hours

Intended Learning outcomes

- Each group of students gets a topic to

Investigate

Main ideas

- Students can choose topics of interest
which relate to detergents; food additives
and preservation of food; natural dye;
natural insecticide and pesticide and

herbal medicine.

Procedures

1. Students work in a group to plan which
topics they want to learn about when
they talk with local people.

2. Students will go to a village to survey,
study and talk with local people.

3. Each group discusses the use of
chemicals by local people.

4. Students in each group study from
books, journals, the internet and other
documents about the topics that
interest them in order to decide which
topics they will investigate.

5. Students in each group decide and
present the topic that they will

investigate.

The Teacher's Roles

The Students’ Roles

Teacher should do the following:

1. Make a list of local resources and local
people's names which are suitable for
students to go to visit and ask, such
as; in the near by village school,

herbal park, women groups, etc.

Students should do the fellowing:

1. Brainstorm to chose a topic to
Investigate.

2. Interview local wise men and women.

3. Record answers and other information
related to the topic of interest and

discuss the answers (as a group).
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2. Make appointments with local people
who have experience to answer
students’ questions regarding the use
of natural chemicals for cleaning,
preserving food, natural food additives,
natural dye, insecticide or herbicide,
and natural medicine.

4. Provide materials such as: documents,
journals and books for students to
search for information,

5. Check possible topics which each

group plans to investigate.

4. Summarize the interview results and
present the knowledge that they have
gained out of class.

5. Read books or other documents which
the teacher provides in order to make
a decision which topic the group will
investigate.

6. Ask the teacher for clarification.

7. Search for information from local
resources or documents regarding the
topic of their investigation.

8. Summarize the topics and the scope

of the study to be investigated.

Evaluation

1. Observe student behavior out of class such as: asking, recording, discussing, etc,

2. Check when students present their findings.

3. Check class observation forms.

4. Check students’ opinions which they have written.

Phase Il Exploration

18 hours

Intended Learning Outcomes

1.

Students should get basic skills to
formulate hypotheses, set variables,
design experiments, record the results
of experiments, manipulate on data and
draw conclusions from the results of
experiments to find relationships,
Students can plan their investigation
and follow the plan in order to get data

related to their topic.

Main ideas

Formulate hypotheses, set variables, design
experiments, record and operate data, and
draw conclusions from the relationships of
the data.

Plan the investigation.
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Main ideas {(continued)

Survey to get basic knowledge regarding
their topics.

Conduct experiments and collect data.

Procedures

Students complete assigned activities and
experiments to get scientific process skills
and skills for designing a science project.
Students study from provided documents
or other resources, then interview local
people regarding their investigative topics
to plan the survey and experiments by
setting a clear set of objectives

Write the objectives and procedures of the
survey and experiments in detail.
Students perform provided activities and
experiments to get scientific process skills
and skill at designing a science project
experiment.

Study from provided documents or other
resources and interview local people
regarding students’ investigative topics to
plan the survey and experiments.
Students write objectives and procedures
of the survey and experiments.

Students survey the topic they plan to
study and collect data.

Students prepare materials to conduct
their experiments.

Students conduct experiments and collect data.
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The Teacher's Roles

The Students’ Roles

Teacher should do the following:

1. Provide necessary activities and
experiments for students to increase
their understanding and ability to
define experimental variables,
formulate hypotheses, record and
manipulate data, and draw
conclusions.

2. Observe (and record the results) of
students behavior.

3. List the names of leaming resources and
advise students

4. Check and advise students regarding
to their investigation plans and their
practicality.

5. List the names of equipment and
material which each group needs to
use in their experiments and help
students to prepare this
equipmentmaterials.

6. Advise students if they encounter a
problem while doing their survey or
experiments.

7. Observe students while doing
experiments.

8. Caution students about safely
conducting experiments and using
chemicals,

9. Observe and record students’

behavior.

Students should do the following:

1.

10.

11.

12.

Conduct activities and experiments to
obtain the basic background before
planning their investigation.
Conduct experiments, record data and
answer questions as planned for each group.
Listen to advice and recommendations
from the teacher.
Study from documents and search for
other data /information from local people to
plan to study for the whole course.
Ask the teacher when they don't
understand the steps and procedure
clearly.
Discuss in a group in order to design the
investigation procedure {survey and
experiments) objectives of the study
including time limits for study of each activity.
Present the procedures of the survey
and experiments in front of the class.
Each group rewrites the detail of the
procedures and submits them to the
teacher.
Get back the plans and prepare materials
for the surveys and experiments.

Prepare the forms to record data for
the survey and experiments.

Carry out surveys and experiments as
planned.

Record the resuilts of the survey and

data from the experiments.
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Evaluation
1. Check survey and experiment plans.
Check survey and experiment reports.

Evaluate students’ oral presentations.

o> o B ® N

Observe and evaluate the students’ manipulative skills.
Check the class observation forms in the exploration phase.

Check the students’ written opinions on doing activities in the exploration phase.

Phase Il Explanation and conclusion

4 hours

Intended Objective

-Students can analyze data, explain and
draw conclusions from the results of their
survey/ experiment in order to get

information related to the topic.

Main Ideas

-Students manipulate data from the
previous phase to analyze, calculate,
classify and summarize the relationship
between data in order to draw

conctusions from their investigation.

Procedures

-Classify and analyze data from the survey and
experiment to get information or knowledge.
-Discuss in a group to relate all data from
the investigation to draw conclusions.
-Study from additionat documents to get more
information for the explanation of the results.
- Draw conclusions from the survey and
experiments to get all information related

to the topics of the investigation.

The Teacher's Roles

The Students’ Roles

Teacher should do the following:

1. Help and advise students to
manipulate data from the survey
and experiments by asking
questions that iead them to get

information or knowledge.

Students should do the following:

1, Manipulate data by various ways such as

calculating or graphing, to fine the
relationship between data to draw

conclusions.
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The Teacher's Roles (continued)

The Students’ Roles (continued)

2.

Provide learning resources related to
each topic that the students investigate
for additional study.

Ask leading questions so that student
get information or knowledge from the
survey and experiments' data to draw
conclusions about the relationships of

the data in order to understand clearly.

2.

Study form documents to get more
information to discuss the results of the
survey/experiments.

Discuss in a group and draw
conclusions from their investigation and
submit reports.

in a group, complete the survey and
experiment reports.

Include the investigation in their

topics to present in the next phase.
Write reports and make a poster to

present their findings to the class.

Evaluation

> woN

5.

Observe classroom participations.
check reporis

check the classroom observation form

check the conclusions drawn from the learning activity which students write each

time (what do they learn and what needs to be improved?)

check what students write regarding what they have learned

Phase IV Elaboration and exchange experiences

8 hours

Intended objective

1.

Students can present their information
and knowledge which they got from
their investigation to exchange
information/knowledge and experiences
with other groups of students.
Students have learned the topics that
they have not studied themselves from

their friends who have studied.
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Main ideas

1. Students present information and
knowledge they got from their
investigation to the class in order to
exchange their information/ knowledge
and experiences.

2. Teacher checks whether each group of
students gain correct or adequate

information or knowledge.

Procedures

1. Each group of students presents the
procedures and results of their investigation
to the class to exchange knowledge and
experiences with other groups.

2. Teacher checks the knowledge that each
group missed or misunderstood in order to

correct and cover necessary contents

The Teachers’ Roles

The Students’ Roles

Teacher should do the following roles:

1. Check students who do not have to
make a presentation whether they are
interested in the other students of
gach group presentations.

2. Score the presentation results.

3. Check missing knowledge or miss
understood concepts from each group

presentation.

4. Give additional knowledge to the class.

5. Correct students’ knowledge.

6. Guide the related learning resources

for additional study.

Students should do the following roles:

1. Present their investigative results to the
class.

2. Discuss the topics which each group has
presented.

3. Answer guestions from their friends and
the teacher.

4. Evaluate and score other groups
presentations.

5. Summarize knowledge they gained from

other groups.
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Evaluation

1. Check the oral presentation evaluation form

2. Check the classroom observation forms

3. Observe from classroom participation

4. Check what students write about and what they get from doing the activity in this

phase

5. Phase V: Evaluation and Application

4 hours

Intended objective

Students can draw conclusion and
evaluate knowledge they gained from the
investigation and exchange of
experiences and apply this knowledge to
other situations.

students can apply this knowledge to

other investigations.

Main ideas

Students draw conclusions from the
investigation and the knowledge they
gained.

Students apply their knowledge to

design new experiments.

Procedure

Students discuss to determine what
knowledge and procedures were missing
or net complete or which topics should be
studied

Students evaluate themselves: what they

have leamed

The Teachers’ Roles

The Students' Roles

Teacher should do the following:
1. Suggest the students find the missing

or incorrect things in their

Students should do the following:

1.

Evaluate themselves: what they learned

from participating in every phase of the

investigation. course.

2. Evaluate students’ understanding and | 2. Discuss in a group to suggest the topic
the application of knowledge to answer that can be studied.
other questions. 3. Design new experiments.
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Evaluation

1. Check the students self assessment form
Check students' suggestions

Check the experiment design reports

Check the classroom observation forms

o W N

Check what students have written in regard to their opinion after participating in this

phase
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Plans for learning activity for such purposes and preparation for teachers

Hour Learning Activities Goals Preparation of the
Phase Teacher

1-4 Engagement | -Teacher introduces the -Get topic to Makes an appointment
course regarding scope investigate with local wise men and
contents, learning strategy women and tells them
and scoring criteria about what kinds of
-Teacher takes students questions students will
to the village to visit and ask
ask the local people Prepares transportation
-Students interview local Prepares documents
wise men and women Prepares classroom

cbservation form

5-22 | Exploration | - Students foliow the -Formulate Prepares activities and
preparation activities hypotheses, documents
which will lead the set Prepares experimental
students to formulate variables, materials
hypotheses, set variables, | design Prepares related
design experiment experiments, documents from the text

records, manipulate data
and draw conclusions
-Students study related
documents of topics that
they plan to investigate
-Students plan the
activities to investigate,
survey and experiment,
then submit this to the
teacher

-The teacher checks the
feasibility of the
investigation and make

comments.

record data,
manipulate
data and
draw
conclusions
-Wirite drafts
of investigative
plans
-Present the
investigative

plans

journal research report
Checks the investigative
plan of each group
Prepares a form for

investigative check lists
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Hour | Learning Activities Goals Preparation of the Teacher
Phase
5-22 | Exploration | -Each group revises the -Each - Checks each group's
(continued} | investigation plans and investigative | investigative plan and helps

follows the plan group students to prepare
-Follows the plans by follows the | experimental materials before
conducting surveys and survey and class
experiments experiment | . Prepare Form for students’
-Collects and records data | plans manipulative skills check list
-Studies other knowledge
or information from
related documents in
order to discuss
investigative results

23-26 | Explanation | -Manipulate data such as | -Analyze, -Prepares related documents
calculate, graph, draw as learning resources for
frequency, diagram to find | conclusions, | students to study.
the relationship of data in | and explain | - Prepares a form of the

order to draw conclusions
from the investigation
-Each group completes
the investigative report.

- Prepares to present the

investigative findings.

results from
the survey
and
experimerital

data.

investigative presentation.
-Checks investigative report
and asks questions to
engage students in finding
weak points of the study in
order to plan for further
experiments.

-Checks investigative reports
and advises students or give
additional knowiedge.
-Checks report details of
each investigative group

before presentation.
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Hour | Learning Activities Goals Preparation of the
Phase Teacher

27-32 | Elaboration | -Each group presents -Present the | -Checks reports in order to
their investigative topics finding of summarize other
for other students to their knowledge, experimental
discuss and ask investigation | techniques and information
questions. and other which each group missed to
-The teacher gives information the class.
additional knowledge in order to -Prepares classroom
regarding each topic transfer and | observation form.
{presentation time for exchange
each group depends on experiences
number of groups in each | with other
class, approximate time students.
for each group’s
presentation is 10-20
minutes

33-36 | Evaluation | -Students summarize -Evaluate - Prepares the evaluation

and what they had known or what forms
application | understand from knowledge -Summarizes the steps of

participating in activities has been the scientific method
-Students in a group gained from | - Prepares suggestions for
discuss about their this course further study in each topic
investigation to suggest -Evaluate that students have
possible further study the investigated
-Each student designs an | applications | - Prepares cltassroom

experiment and submits

the teacher

of students’

investigation
for further

study

observation form.
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Curriculum Evaluation

In order to evaluate the curriculum, we can determine from participating teachers

and students.

1. Participating teachers: Resuits of structure interviews and questionnaire

regarding the curriculum
2. Students’ [earning outcomes: Students’ learning outcomes and instruments used
are shown as follow
QOutcomes Instruments

-Achievement Pre- and post-test

-Students’ performance

1) designing investigative plan Check list form
2) investigative report Check list form
3) presentation Check list form
4) manipulative skills Check list form
5) science process skills Check list form
- Opinion regarding the course Interview questions

= Attitude towards learning science Questionnaire
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1.2 The Curriculum Evaluation Forms

1.2.1 The Evaluation Form of the Correlation among Components

Curriculum Documents

This evaluation form is a form for experts to evaluate the relationship among all
components of documents for the curriculum, “Chemicals in Everyday Life ”, These
components consist of principle, course description, intended learning outcomes, teaching
approach, learning activity plans, and evaluation plans. This curriculum is a school-based
curriculum, which inserts local wisdom in learning activites and emphasizes on students’
investigation. Learning cycle, one course one cycle, is used to plan for learning activities.

For validating the evaluation from described above, the following guided questions
will be used.

1. How do the items fit with the sections?

2. How well does each component relaie to other components?

Please use these criteria for validating this survey:

3 = acceptable, should be used in present form.
2 = acceptable, but could be better with suggested changes.

1 = should not be used in this form, might be acceptable with major change.

ltem Score Recommendation

1. Principles

- correlate with the Thai National Education Act of

2001 which using local wisdom in learning activities

- correlate with the Thai National Education Act of

2001 which focus on children’s’ center

- clear'y possible to use

2. Course Description

- correlate with the principle of the course

- correlate to Thai National Science Education

Standard: substance 3: Matter and Ifs’ Properties
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Item

Score

Recommendation

3. Intended Learning Outcomes

- correlate with the course description

- clearly possible to practice

4. Learning Activities

- correlate to children's center instruction

- correlate to intended learning outcomes

- can be used to plan activities in classroom

- interesting activities

5. Learning Activity Pians

- correlate to teaching approach: Inquiry learning

cycle, One Course One Cycle

- correlate to intended learning outcomes

- correlate to inquiry learning

6. Activities Evaluation Forms

- in engagement phase

- in exploration phase

- in explanation phase

- in elaboration phase

- in evaluation and application phase

7. Evaluation of Implementing the Curriculum

- can evaluate implementation of the curriculum

Other comments
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1.2.2 The Evaluation Form of a Guide Book for Teacher

This evaluation form is a form for experts to evaluate a Guide Book for Teacher for
the curriculum—Chemicals in Everyday Life. This guide is used to help teachers to
understand about the curriculum, how activities will used, how to assess students in each
phase of learning, what should students do in each phase of learning. The Guide Book
also includes science contents: detergents; food additives and preservation of food; dyes;
insecticides and pesticides and herbal medicine. The book provides example of local
practices and explanations in science, which the researcher interviewed from local wise
people in the school area. The evaluation form is divided into two parts; overall details of
docurments and detail in each learning unit.

For validating the evaluation from described above, the following guided questions

will be used.

1. How do the items fit with the sections?

2. How well does each component relate to other components?

Please use these criteria for validating this survey:

3 = acceptable, should be used in present form.
2 = acceptable, but could be better with suggested changes.

1 = should not be used in this form, might be acceptable with major change.

Part A: Overall Details of Documents

ltem Score Recommendation

Overall of the documents

1. correlate with the course description

2. possibility to practice in practical guide,
principle, course description, intended learning

outcomes, learning activities

3. consequent details of each topic




Part B: Details in Each Learning Unit
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Item

Score

Recommendation

Unit 1 Detergents

1. Body cleaners

1) correction of science contents

2) adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4) giving general examples

5) giving examples of local wisdom

2. Fabric cleaners

1) correction of science contents

2) adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4) giving general examples

5) giving examples of local wisdom

3. Hair cleaners

1} correction of science contents

2) adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4} giving general examples

5) giving examples of local wisdom

4. Utensil cleaners

1) correction of science contents

2) adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4) giving general examples

5) giving examples of local wisdom
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ltem

Score

Recommendation

5. correlation between overall of contents and

course description

6. sequence of contents

7. difficulties

8. guide for investigation

9. adequacy of learning resources

Unit 2 Food Additives and Conservation of
Food

1. Food color

1) correction of science contents

2) adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4) giving general examples

5) giving examples of local wisdom

2. Food odor

1) correction of science contents

2) adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4) giving general examples

5} giving examples of local wisdom

3. Food flavor

1) correction of science contents

2) adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4} giving general examples

5} giving examples of local wisdom
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item

Score

Recommendation

4. Conservation of Food

1) correction of science contents

2) adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4) giving general examples

5) giving examples of local wisdom

5. correlation between overall of contents and

course description

6. consequence of contents

7. difﬁculties

8. guide for investigation

9. adequacy of learning resources

Unit 3 Natural dye

1. Basic information of dyes

1) correction of science contents

2) adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4) giving general examples

5) giving examples of local wisdom

2. Traditional dyeing of Isarn pedple

1) correction of science contents

2) adequacy of contents

3) suitahility of information to guide and

instruct secondary school students

4) giving general examples

5) giving examples of local wisdom
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item

Score

Recommendation

3. Reed Mat Dyeing

1) correction of science contents

2} adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4) giving general examples

5) giving examples of local wisdom

4. Fishnet Dyeing

1) correction of science contents

2) adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4) giving general examples

5) giving examples of local wisdom

5. correlation between overall of contents and

course description

6. consequence of contents

7. difficulties

8. guide for investigation

9. adequacy of learning resources

Unit 4 Natural Insecticide and Herbicide

1. general information of insecticide and

herbicide

1) correction of science contents

2) adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4}) giving general examples

5) giving examples of local wisdom
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ltem

Score

Recommendation

2. Natural insecticide and herbicide

1) correction of science contents

2} adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4) giving general examples

5) giving examples of local wisdom

5. correlation between overall of contents and

course description

6. consequence of contents

7. difficulties

8. guide for investigation

9. adequacy of learning resources

Unit 5 Herbal Medicine

1. General information of herbal medicine

1) correction of science contents

2) adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4) giving general examples

5) giving examples of local wisdom

2. Local wisdom regarding herbal medicine

1) correction of science contents

2) adequacy of contents

3) suitability of information to guide and

instruct secondary school students

4) giving general examples

5) giving examples of local wisdom
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ltem

Score

Recommendation

3. correlation between overall of contents and

course description

4. consequence of contents

5. difficulties

6. guide for investigation

7. adequacy of learning resources

Suggestions




1.2.3 The Evaluation Form of Students’ Guide
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This evaluation form is a form for experts to evaluate Student Guide for the

curricullum—"Chemicals in Everyday Life”. This guide is used to help students understand

about the curriculum, how activities are used and what should students do in each phase of

learning.

For validating the evaluation from described above, the following guided questions

will be used.

1. How do the items fit with the sections?

2. How well does each component relate to other components?
Please use these criteria for validating this survey:

3 = acceptable, should be used in present form.

2 = acceptable, but could be better with suggested changes.

1 = should not be used in this form, might be acceptable with major change.

ltem

Score

2

Recomrmendation

- adequacy of overall details

- adequacy of learning activities

- understandable

- possibility to practice in these following phases:

- engagement phase

- exploration phase

- explanation phase

- elaboration phase

- evaluation and application phase

- correlation among practical processes, aims and

outcomes in these following phases:

- engagement phase

- exploration phase

- explanation phase

- elaboration phase

- evaluation and application phase

8B T == o ] o L= e
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1.3 Sample of Pre and Post-Tests

Please choose the most correct answer for each item. Mark your answers on the

answer sheet,

Skill I: Knowledge and comprehension

** Which component from trees is used in food odor enhancing?
a. vitamins
b. fiber
c. minerals

d. volatile oil

Skill ll: Application of scientific knowledge
X In dying with natural colors, the dyer add mordants to get bright colors. Local
people put leaves in the extraction process such as tamarind. instead of using natural
leaves, which chemical can be used?
a. salt
b. alum
c. vinegar

d. copper sulfate

Skill ill: Process of scientific inquiry.
* To prove which type of solvent is the best medicinal extraction from an herb. Which
itern should not be controlled in designing the experiment?
a. type of herb
b. quantity of herb

o

type of solvent

=

quantity of solvent
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1.4 The Evaluation Form of Science Process Skills

This evaluation form of science process skills is a form to assess students’ science
process skills as a result of learning through the course-—Chemicals in Everyday Life. The
researcher and a participating teacher will determine science process skills from considering
survey and experiment reports of each group. The score will be determined based on the

Rubrics Criteria as shown in the form.

Definitions

1. Formulating hypotheses means students abilities in making educated guesses
based on evidence that can be tested through experimentation.

2. ldentifying and controlling variables means students abilities in manipulating
one factor to investigate the outcome of an event while other factors are held constant.

3. Experimenting means students abilities in designing their experiment to test a
hypothesis using procedures to obtain reliable data

4. Observing means students abilities in using the 5 senses {(see, hear, touch,
smell, taste) to find out about objects and events, their characteristics, properties,
differences, similarities, and changes. Recording of findings will be considered in two
types: quantitative data and qualitative data.

5. Organizing and Interpreting data means students abilities in organizing,
analyzing, and synthesizing data using tables, graphs, and diagrams to locate patterns that
lead to the construction of inferences, predictions, or hypotheses.

6. Inferring and Drawing conclusions means students abilities in drawing a
conclusion about a specific event based on observations and data; may include cause and
effect relationships.

7. Classifying and grouping means students abilities in classifying, grouping or

ordering objects/ events or data according by similarities or differences in properties.
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The Evaluation Form of Science Process Skills

Group 1o 2
K J Qe S TR
Group
Performance 11213lals

1. Formulating hypotheses:

Predict the results of survey or experiment

2. Identifying and controlling variable:
Identify the cause and effect that will occur and variables should

be controlled

3. Experimenting:
Design experiment and carry out the results by following its’

procedures

4. Observing:
Observe and record the results from experimental observations
with

4.1 in quantitative data

4.2 describe in qualitative data

5. Organizing and interpreting data:
5.1 Operate data from the survey and experiments with some
technigues such as frequenting and finding out percentage,

ordering, classifying.

5.2 Present data into other forms such as graph, diagram, equation etc.

6. Classifying and grouping:

Classify and group data from the survey or experiments

7. Inferring and drawing conclusions:

7.1 inferring data by interpreting or describing

7.2 inferring data by explain and conclude the relationship of data




SCORING SCHEME FOR SCIENCE PROCESS SKILLS

Scores Scheme

Formulating hypotheses:

3 = The report shows hypothesis which can relate both dependent and
independent variables to investigative topic.

2 = The report shows hypothesis which can relate at least one variable to
investigative topic.

1 = The report do not show hypothesis or hypothesis had no relate to investigative

topic

ldentifying and controlling variables:

3 = The report shows identification of dependent and independent variables and
control variable correctly and relate to the investigative topic

2 = the report shows identification at least two variables relate to the investigative
topic

1 = The report do not show any identification or the identification is not relate to the

investigative topic

Experimenting

3 = Students conduct experiment by following all steps to obtain reliable data
2 = Students conduct experiment by following some steps and trend to obtain
reliable data

1 = Students do not conduct experiment by following the procedures as planned

Observing

4.1 Quantitative observation

3 = the report shows the results from the experiments by estimate quantitative
data with correctly value and units

2 = the report shows the results from the experiments by estimate in quantitative
data with partially correct value and units

1 = the report do not record the experimental data

4.2 Qualitative observation

3 = the report describes the results from the experiments correctly and cover

objectives which could be draw conclusion

132
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Scores Scheme

2 = the report describes the results shortly, trends can be concluded

1 = the report do not record the experimental data

Organizing and interpreting data

5.1 Operate data

3 = The report correctly shows the organizing, analyzing, and synthesizing data
such as frequenting and finding out percentage, ordering, classifying

2 = The report shows some results of organizing, analyzing, and synthesizing data
frequenting and finding out percentage, ordering, classifying of data

1 = the report did not show any organizing analyzing and synthesizing data

5.2 Present data

3 = the report shows using tables, graphs, and diagrams to locate patterns correctly and
easy to understand

2 = the report shows using tables, graphs, and diagrams to locate patterns in some part
that lead to understand the results of data

1 = the report do not show using tables, graphs, and diagrams to locate patterns

Infering and drawing conclusion

6.1 Inferring data

3 = The report shows that all data are inference to explain an observation.

2 = The report shows that some data are inference to explain an observation

1 = the report do not show any inference of data

6.2 Drawing conclusions

3 = the report correctly shows a conclusion about a specific event based on observations
and data include relationships between variables.

2 = the report show a conclusion in some part about a specific event based on
observations and data include relationships between variables.

1 = the report do not show or show the wrong relationships among data

Classifying and grouping
3 = the report shows the classifying, grouping or ordering data with specific criteria,

2 = the report shows the classifying, grouping or ordering data without showing the specific criteria

1 = no part of the report show the classifying data
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1.5 The Evaluation Form of Manipulative Skills

This evaluation form of manipulative skills is a form to assess students’
manipulative skills while they are conducting their experiments. The researcher will observe
students when each group does their experiments and rates each student based on the

Rubrics Criteria as shown in score scheme for observing the skills.

CHECKLIST FOR OBSERVATION PRACTICAL WORK ON MANIPULATIVE ABILITIES

Students Name 1............... 2, K TR L 5
Student
Performance Code |{1|2]3|4|5
1 The student prepares ail materials for working as planned. MW
2  The student prepares enough cleaning space for working. MW
3  The student chooses and groups equipment and chemicals MW

required before starting the experiment.

4  The student handles glassware carefully to prevent breakage. MW
5 The student uses apparatus carefully to prevent breakage. ET
68 The student handles chemicals in such a way as to prevent ET

contamination.

7  The equipment is correctly chosen for the experiment, ET
8 The student uses the correct chemicals for the experiment ET
9  The student follows instruction with ease. MD
10 The student proceeds from one step to next without hesitation MD
11 The student finishes the experiment in the time recommended. MD
12 Apparatus no longer in use is removed immediately from the ON

working area.

13 The student puts chemicals away tidily after the task has been ON
finished

14 The student washes the glassware and puts the apparatus ON

away tidily after the task has been finished.

15 The working area is cleaned after the work has been finished. ON




SCORING SCHEME FOR OBSERVING MANIPULATIVE SKILLS
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Component Score
3 2 1
Methodical Systematic plan for Plan is acceptable Unplanned,
working carrying out experiment | only a few mistakes incorrect sequence,
(MW) before starting on it, in sequence of task cannot follow
close attention paid to instructions easily
sequence of instruction
Experimental | Correct choosing Mostly correct Incorrect choosing
techniques appropriate equipment | choosing equipment, | equipment for task
(ET) for task to be but sometime still to be completed,
completed, careful and | incorrect handling, careless handling of
correct handling of but take less care in | apparatus and
chemicals and using apparatus, chemical, incorrect
equipment, correct safety of chemicals procedures
procedure or make mistakes in
the procedures
Manual Smooth working and Lack of confidence Confused execution,
dexterity confidence in execution | and slow execution, quite unsure of what
{MD) of task, finish finish experiment but | has to be done,
experiment before no time to recheck very slow task
allotted time experiment or try performance thus
something else finishing task
beyond aliotted time
Orderliness Neat working space, Take less care about | Working space is
(ON) keeps during the task, tidiness of space, messy during the

cleans up bench after
work, puts material and
equipment away

immediately after use

equipment and
material are put away
but not in very

appropriate order

task, leave material
and equipment after
use, does not clean

up bench
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1.6 Questionnaire on Students’ Attitudes towards Learning Science

This questionnaire is an evaluation of attitudes towards learning science by students

who completely participated in the curricullum—Chemicals in Everyday Life. Please give

complete and honest reactions to the following statements in a column of opinions. There

are five choices.
5 = very high
4 = high
3 = moderate
2 =low

1= very low

Please fill \/ in the biank after each item that indicates the extent to which you

agree or disagree with each statement.

ltem

Level of opinion

4

3

2

Subscale 1: Learning Activities in each step, as a

result of attending the curriculum--Chemical in

Everyday Life You feel that:

1 | Likes to learn topics that interest you

2 | Likes to do your own investigation

3 | Likes activities regarding interviewing local

people

4 | Learning by investigative approach is

challenging

9 | Teacher's advice for planning your own

investigation is valuable

6 | Your understanding of science was increased

after interviewing local wise men / women

7 | Likes to plan your own survey

8 | Likes the investigative activities
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ltems

Level of opinion

4

3

2

9 | Likes to plan your own experiment

10 | Enjoy to do experiment

11 | Likes to look for knowledge or information
from documents

12 | Likes when the teacher advise for making
conclusion

13 | Likes to exchange your knowledge or
experience with your friends

13 | Likes if teacher keeps you additional
information or knowledge after your
presentations

14 | Likes to learn form your friends

15 | Likes to present your finding

16 | Likes to make self assessment

Subscale 2. overall of learning activities,

you fell that

17

Likes to learn by yourself

18

Enjoys learning

19

Enjoys helping each other in your group

20 | Enhance your creativity

21 | Learned from real life

22 | These learning activities are interesting

23 | Desires to learn as these learning activities
for along time

24 | Likes to joy in every activities

Suggestion.



1.7 Questions for Students’ Interviews

. What are your opinions regarding running science activities based on local wisdom?
. Do you learn Science contents better than normal when learning science based on
local wisdom?

. What are your opinions regarding learning activities which illustrate students to plan
learning topics or investigation by their own? Why?

. What do you learn from this course compare to traditional instruction of science
subject?

. Which teaching strategies do you think teacher should instruct? Why?

. Do you like to study plan the investigation by your own? Why?

. Which rules do you think teacher should change or improve to help students learn
in this course?

. Do you have any suggestions? Describe them.

138



honest reaction to the following statements. Each statement below has five choices.
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1.8 Questionnaire on Teachers’ Opinions towards the Curriculum

As a result of participating in this research, please give complete and give your

5 = very high
4 = high
3 = moderate
2 =low

1 = very low

Please fill \/ in the blank after each item that indicates the extent to which you

agree or disagree with each statement based on your opinion after participating in teaching

the curriculum-~ Chemicals in Everyday Life.

Iltem

Level of opinion

4

3

2

Subscale I: Opinions towards the curriculum

1

Local wisdom can be used to teach science

subject

2 | Information regarding the use of chemicals in
everyday life from local wise men/ women is useful
in science instruction

3 | The students chose contents for this course from
local wisdom is appropriate

4 | Setting learning activities based on local wisdom is
appropriate

5 | Course principles which are established based on
the students investigative approach is valuable

6 | Schools should offer this course as an elective
science course for secondary school students

7 | Students' investigations are valuable
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tems Level of opinion

5 4 3 2 1

Subscale 2: processes of learning activities

8 | Learning activities focused on students
investigative approach is useful to develop

students’ abilities in learning science

9 | Teaching approach through learning cycle as One

Course One Cycle is appropriate

10 | | can set learning activities base on the learning

cycle by myself

11 | Interviewing local wise men / women by the

student is necessary in engagement phase

12 | Planning their own investigations can help students

to learn processes of constructing knowledge

13 | Students can plan their own investigation in topics

of their interest

14 | To design their own surveys, students need advice

from the teacher

15 | To plan their own investigations, students had

learned how to find knowledge

16 | To design their own experiments, students need

advice from teacher

17 | Students learn scientific processes by doing

experiment

18 | Students need advice from the teacher while doing

experiment

19 | Students can do experiments by themselves

20 | Allowing students explain results of experiment is

useful for them

21 | Students need advice from teacher to explain their

experimental results

22 | Students can find their own explanation
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Item Level of opinion

5 4 3 2 1

23 | Allowing students to draw their own conclusion is

valuable

24 | Teachers need to advise students for making

conclusion

25 | Students can conclude the experiment by

themselves

26 | Allowing students to present their finding in the

investigation is valuable

27 | itis useful for students to conclude their attained

knowledge from other groups presentation

28 | Instructional processes are interesting

29 | Other science subjects should plan instructional

processes as this course do

Subscale 3: evaluation learning activities
30 | Allowing students evaluate their behaviors is

appropriate

31 | Allowing students evaluate their friends’

presentations is appropriate

32 | Students observation forms in all phases of

learning cycle are helpful for grading students

33 | Students evaluation forms in all phases of learning

cycle are helpful for grading student learning

34 | | can fairly grade each student

Suggestion
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1. 9 Questions for Teacher Interviews

1. Describe your opinion regarding teaching science through inquiry cycle.
2. Describe problems you are faced when planning learning activities, how to solve?
3. Describe problems you are faced in maintaining learning activities, how to solve?

4. Describe problems you are faced while evaluate student learning outcomes, how to

solve?

5. How much of your satisfaction with this course?

6. How much of your satisfaction with teaching approach through One Course One Cycle?

7. How much of your satisfaction with tearning activities based on investigative
approach?

8. How much of your satisfaction with learning activities based on local wisdom?

9. Which activities you decide to apply if you teach this course or contents related this
course? 9. Which activities are needed to revise for better application?

10. How much of students’ satisfaction?

11. How much of your confidence to instruct through the inquiry cycle approach?

1 2 3 4 5

none little moderate high very high

Why?
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2.1 Matching Local Wisdom to Science Class

This section will describe how to gather infermation about local wisdom and
resources, and how to match to science classroom teaching.

In the curriculum planning phase of the development of “the secondary school
elective science course, “Chemicals in Everyday Life”, The researcher conducted a
meeting on August 12, 2002 with eleven secondary school science teachers in Maha
Sarakham province, We considered possible topics related to chemicals in everyday life
that can apply local knowledge and resources to teach science, by using inquiry-based
approaches. The aim of this course is to use science concepts or principles to explain
what local people do in particular situations. As a result of the discussion, possible topics
are 1) detergents 2) food additives and preservation of food 3) natural dye 4) natural
insecticide and pesticide and 5) herbal medicine.

The first concern in selecting topics is chemicals that people use in everyday life
such as detergents and food additives. It is vital for students to understand the benefits
and the potential danger of this category of chemicals. Another significant source of
information used in evaluating potential topics for this course are products from the “One
Tambon One Product (OTOP)” project.” A tambon is a Thai sub district; there are over
7,000 tambons in Thailand.

- The OTOP project is a current Thai government policy of great importance to their
educational program. The aims of the OTOP project are not only to improve the
communities’ economy, but also to develop human resources. The Government expects
that the OTOP project will create jobs, raise people’s income, and strengthen communities
in various ways, such as economic, social, environmental, and developmental aspects.
Thailand illustrated magazine editor, Somsri Jamornman, stated the following regarding the
OTOP project:

The project aims at developing local products deriving from local wisdom to upgrade them for the
domestic and intemational markets to increase naticna!l revenues and promote Thai handicrafts,
Details are in this issue’s special interview.

Cultivating Crafts and Preserving the Environment” includes insight on how the OTOP project
came to include handicrafts, made with an environmental approach to reflect the Thai traditional

ways of life, from over 7,000 sub-districts or tambons, such as hand-woven materials, ceramic

ware, pulp paper, wooden products, and more.

(http://www.prd.go.th/ebook/story. php?idmag=138&idstory=104)
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Various websites were established to promote and advertise products from the

OTOP project. The most well known website is http://www.thaitambon.conm/. | used this

website to classify types of products that are produced in Maha Sarakham (http://www.

thaitambon.com/Provinces/ Mahasarakham.htm). These data are used as criteria for

secondary school science teachers in Maha Sarakham and in the selection of topics of
concern to local people. There are 375 products from 177 tambons in Maha Sarakham
available on this website (March 2003). Table 1 lists the major products produced in
Maha Sarakham.

TABLE 36: PRODUCTS IN MAHA SARAKHAM FROM THE OTOP PROJECT

Products Frequency Percentages
Natural dye Silk and 108 31.2
products
Natural dye Cotton and 48 13.9
products
Dish washing 3 0.9
Natural shampoo 2 0.6
Natural hair condition 1 0.3
Preservative food 8 23
Local liquors 20 5.8
Thai snack 14 41
Other products such as 142 40.9

furniture, fresh food,
vegetable, etc.

Total 311 100.0

Not only products from the OTOP project, but also local knowledge and resources
related to agriculture, herbal medicine, fabric, etc. are promoted through the Internet.
Government officials, academic schools and private sectors and persons are
knowledgeable in the use of these websites. The websites on the Internet are significant
sources of information regarding local wisdom.

Participating teachers including myself are native to North east of Thailand {Esarn),
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totaling more than ten years of professional experience. Maha Sarakham as well as others
provinces in North east of Thailand have similar resources and traditional practice. Thus,
we have first-hand knowledge and experience regarding local wisdom and resources.
Moreover, after gathering general information, The researcher interview local people at the
schools area regarding their technique or chemicals they used as detergents, food
additives, dye, and insecticide and herbal medicine. This information was classified to
match each topic and develop as a material. Participating teachers used this material to
guide heir students.

Journals, newspapers, textbooks, encyclopedia, and student science projects
are others sources of information regarding local wisdom and science concepts. Table
Table 37 contains examples of sources that | used in gathering information in each topic in

the unit.

TABLE 37: TOPICS AND SOURCES IN GATHERING LOCAL WIiSDOM AND RESOURCES

Units/Topics Sources of gathering Examples

local knowledge and

resources
Unit 1 Detergents
-Ancient The Internet: http://flora.sut.ac.th/pg93.html
cleaner -Soap history http://www.champa.kku.ac.th/bio/biokkuboar
-Body -Ancient cleaners d/Question.asp?GID=159
-Hair -Using Catunaregam http://www.panmai.com/Direction/Tree N 1.
-Cloth fruit or bark to clean htm
-Utensils cloths. hitp://www thaiventure.com/mcontents/marti
-Natural soaps cle2.php?headtitle=mcontents&id=29058
-Natural http.//www.bangkokbiznews.com/jud/sun/20
shampoos 020304/page14.htmi
Journals

-Making natural soaps Pattaraporn. (2000) “Are soaps safe?,”

Biolife. 2{37), p.60-63.
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Units/Topics Sources of gathering
local knowledge and

resources

Examples

-Making natural

Nutapate, K. (2000). “Clean and beauty

shampoos with Natural Soaps,” (1) p. 12-30
Anantakul, P. (1981) “Shampoos,”
Science for Children. No. 4, p.93-95.

Interviews The researcher interview local people who

produce natural soaps, shampoos, and
detergents from the OTOP product.

(The interviews will be videotaped and also
used as visual aids in classroom

instruction.)

Science Projects

Examples of science projects regarding

detergents or cleaning reagents

Unit 2 Food additives and preservation of food

Food additives The Internet:

-Natural food Natural colors:
coloring -purple from Clitoria
ternatea flower,
-orange from palmyra
palm peel,

-green from Pandanus
leaves, Tiliacora
triandra Diels leaves
-yetlow from turmeric

root

http://web.ku.ac.th/agri/color/menu.htm

http://flora.sut.ac.th/pg182.html

http:/iwww.techno.msu.ac.th/fn/ecenter/fad/

color.htm
http:/iwww.school.net.th/library/create-

web/10000/generality/10000-823.html

http://www.panmai.com/GardenSong/Flower
_47.htm
http://web.ku.ac.thfagri/color/b21.htm
http:/Amaww.pantip.com/cafe/chuanchim/recipe/swe
et14.html
hitp://user.school.net.th/~anuparpfan.htm
http:/Avishnu.rsu.ac.thischoolherbal/detail Triandra/
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Units/Topics Sources of gathering
local knowledge and

resources

Examples

-Natural odor The Internet:

enhancement -Some natural 0

plants in cooking:
Ocimum sanctum Linn.
(Kaprao),

Acacia pennata Willd
(Chaom), Limnophila
aromatica (L.omk.)
Merr. (Kayange),
leech lime leave or
fruit, etc.

-A natural insect-Giant
male water bug-in

enhancing food odor.

http://bmnet.benchama.ac.th/agri/lkaphao.ht

mi
hitp://www.shc.ac.th/botanical-

garden/70.htm
hitp:/Amww . ku.ac.th/Agrinfofthaifish/agplant/

aqgpt130.himl

hitp://www.panmai.com/Direction/Tree  NW

2.htm

http://ittm.or.th/eng/articles/fd insect/insect1
9.him
hitp:/iweb.ku.ac.th/agri/insectt/inc3.htm#b24

-Natural flavor The Internet:

and odor -Sour: leave or fruit of
enhancers Tamarind, Spondias
pinnatakurz. (Makok),
Rosella (Kajeab) etc
-Bit: Bitter Cucumber
fruit,

-Good taste: white

Mulberry leaves,

http:/Awvww.panmai.com/TemplePo/Title3 4.htm
http:/flora.sut.ac.th/st151.himl
http://dit.rid.ac.th/herb/detail.php?pdid=2

http:/iwww?2.doae.qo.th/library/vegetable/ww

w/Plant/mara.htm

http://www.aromahouse.co.th/indian%20mul

berry.doc

Cannabis-Marijuana
leave, sugar apple

leave.

hitp:/Aww.rspg.thaigov.net/schotdat/plantdat/c

annabid/csativ 2.htm

http:/fiwww . thailabonline.com/drug-cannabis.htm
http://ww.rdi.gpo.or.th/ocldmedicine/product52.
htmi
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Units/Topics Sources of gathering
{ocal knowledge and

resources

Examples

-Preservation of  The Internet:

food -Vegetable, fruit, and
meal pickling

-Fish fermentation

hitp://www thai.net/thaibarn/pla-ra.html fish

fermentation)

http://www.thai.net/thaibarn/pla-ra.html

http://iwww .thai.net/thaibarn/pla-ra02.html
hitp://kanchanapisek.or.th/kp6/BOOK19/cha

pterd/chap3.htm
http://kanchanapisek.or.th/kp6/BOOK19/cha

pter3/t19-3-11.him#sect1

http:/fkanchanapisek.or.th/kp6/BOOK19/cha

pter3/t19-3-13.him#secti

http://www.thaihealth.info/samunpai10.asp

http:/fwww2.doae.go.th/library/vegetable/ww
w/Plant/menuplant.htm
hitp:/imwww .pharm.chula.ac.thfvsuntree/toxic/

Cleom.htm

Empirical data

-Products from OTOP projects

-Traditional practices such as pickling fresh
fruits such as mangoes, tammarine,...),
fresh vegetable such as cabbage,
capparidaceae(Cleome gynandra Linn.),

bamboao shoot, etc.

Science Project

Reports

Examples of science projects regarding
natural food additives or preservation of

food.

Unit 3 Natural Dye

-Local natural The Internet

dye

hitp//kmitnb05.kmitnb.ac.th~as34428/decoiourd.h
tmi
hitp/Avww.eduzones.comivichakan/bio/biod.himi
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Units/Topics Sources of gathering
local knowledge and

resources

Examples

http:/fwww.nfe.go.th/042103/package/42101

/section1 1.htm

hitp://snow.prohosting.comv/banpang/page6.

htm

http://www.panmai.com/Direction/Tree N 1.

htm

Empirical data

Products from OTOP project in Maha

Sarakham: silk and cotton with natural dye.

-Processes of The Internet

natural dye

http://www.nfe.go.th/042103/package/42101

Isection1 1.htm

http://kalasin.doae.go.th/pro2.html

http://Amww.moc.go.th/opscenter/mh/silk.html

http://Mmww.moc.go.th/opscenter/mh/onevilla

ge_2.htm

Interviews

The researcher interviewed local people at
Vapipathum and Kaedam Districts, who
dye fibers—cotton, silk, reed mat, and fish-

nets.

Science Project

Reports

Examples of science project reports

regarding natural dyeing.

Unit 4 Natural Insecticide and Pesticide

-Naturat The Internet:

pesticide -Using Neem fruits or
leaves solution as

insecticide

http:/Aww.gmoproandcon.comycons/smoonpai 0

2.html

hitp:/Awvww.tungsong.comyModify-
Lifetsgcity/samunpai/insect/Index.himi
http:/Avww.tungsong.com/Modify-
Lifetsgcity/samunpal/insect/s satrupuet.htmiits 25
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Units/Topics Sources of gathering Examples
local knowledge and
resources
-Natural The Internet: http:/Awvww tungsong.com/Modify-

insecticide and -Using rotenone from

pesticide focal plant as pesticide
-using local plants as
insecticide and

pesticide

Lifetsgeity/samunpai/drug/29 SugarApple/Sug

arapple 01.html
hitp:/Avww fungsong.com/Modify-

Lifetsgcity/samunpaiinsect/15 sadao/index sa

dao.htm

http:/;mww thai.net/udageo/pesticide herb.html

http/Amww.gmoproandcon.com/cons/smoonpai
02.htmnl
http:/mww_geocities.com/skymthaifinsect html

hitp:/Amww.navy.mi.th/science/lnformation/Pap

er/infoPaper WithoutChem.html

http:.//www.doae.go.th/library/html/detail/che

msafe/si3.htm

hitp:/ithaifarmer.oae.go.th/Agriinfo/fenemy/cr

op/rice/rice.htmi#L2

http://www.doae.qo.th/library/html/detail/che

msafe/index.htm

http://www.doae.go.thilibrary/html/detail/me

nuknow.htm

http://www.ipmthailand.org/th/Pesticides/pes

ticides.htm

http:/f'www .doae.go.th/library/html/detail/che

msafe/si6.htm

http:/iwww eto ku.ac.th/neweto/e-

book/plant/herb qar/neem?2.pdf

hitp://www.school.net.th/library/create-

web/10000/science/10000-1088.htm|
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Units/Topics Sources of gathering

local knowledge and

Examples

resources
Newspapers: Thairat
Using local news Daily news

from newspaper to
raise problems of
using synthetic
pesticide.

Interviews

Science Project

Reports

Local farmers who use natural substance
in their farming.
Examples of science project reports

regarding natural insecticide and pesticide.

Unit 5 Herbal Medicine

-Herbal medicine The Internet
-Local vegetabie

or herbs as

medicine

-Herbali plants

Interviews

Science Project

Reports

http://ite.nectec.or.th/~elib/doctors/herb thai

food.html
http://kanchanapisek.or.th/kp6/BOOK14/cha
pter10/t14-10-11.htm#tsectd

http://herbal.pharmacy.psu.ac.th/

http://www.thai.net/thaibarn/med00index.ht

mt

http://www thai.net/thaibarn/mx01.htmi

http://www.baanjomyut.com/library/herbs u

sed medicinally/

hitp:/flwww .eto.ku.ac.th/newetol/e-

bock/plant/herb gar/samunpai.pdf

Interview local doctor such as Mao Prasart
Rattanapanya, Mrs.On Unpim.
Examples of science project reports

regarding natural dyeing.
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Participating teachers and the researcher considered use of the 3rd and 8"1 of the
Thai National Science Education Standards (TNSES) in development of this curriculum.

as prescribed in the Thai Basic Education Curriculum (MOE. 2001: 18-20):

Substance 3: Properties of matter

Standard Sc 3.1 Understanding matter, its quality and relationship with structure,
skills in searching for knowledge procedures, and possessing science consciousness, communicating
acquired knowledge and application of knowledge.
Standard Sc 3.2 Understanding nature and changing situation of matter, matter solution, chemical
reaction, skills in searching for knowledge procedures and possessing science conscicusness,
communicating acquired knowledge and application of knowledge.
Substance 8: Nature of science and technology

Standard Sc 8.1 Application of science and science consciousness in searching for
knowledge, problem solving, understanding fixed of majority of natural phenomena which can be

investigated and explained, depending on availability of current information

From these standards and substandard {See Appendix B), we will be looking
forward to match local wisdom and resources to classroom instruction. Table 37 shows
how to use local wisdom and resources in teaching and science concepts.

After gathering local knowledge and matching to science concept or principles,
participating teachers planed learning/teaching activities and faboratory based upon local
knowledge and resources. Local resources and products are used as media and
laboratories materials; for example, using various kinds of plants as food coloring and odor
enhancer, and using various local plants as natural dyes. Students' activities and
experiments will engage students to use scientific processes in their investigations.
Activities and experiments will prepare students to conduct their own science projects

related to the benefits derived from nature.
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2.2 The 3" and 8" of Thai National Education Standard (Science)

Strand 3: Substances and Its’ Properties

Standard 3.1: Understand the properties of substances; the relations between
properties; structures of substances, and the holding force between
particles; inquiry based learning and scientific mind; an ability to

communicate and apply knowledge for the benefits of life

Expected learning outcomes for MS 1 — MS 3 Students

Students should be able to:
1. Examine, investigate, and analyze the properties of substance. Classify
substances by using specific criteria such as particle sizes.
2. Searching data about models, particle arrangement, and particle movement in
each state of substance. Using models to explain substance properties and state
changing.
3. Investigate about homogeneous substance and discuss about pH of solution and
the uses of acid base in everyday life.
4. Explore and compare substance properties. Explain the atomic components,
element and compounds. Classify and explain the properties and the uses of radio
active elements, metals, non-metals, and metalloids.
5. Investigate and explain the principles of substance separation—filtration,
distillation, crystallization, extraction, and chromatography. Use the appropriate

separation methods to separate the mixtures,
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Standard 3.2: Understand the principle and nature of state changing of
substances; solution formation; chemical reaction formation; inquiry based
learning process and scientific in mind; an ability to communicate and apply

knowledge learned.

Expected learning outcomes for MS 1 — MS 3 Students
Student should be able to:
1. Examine, investigate, test, discuss, and explain the change of mass and
energy of substances when they solute, state change, and chemical change.
Analyze the factors that affect these changes.
2. Investigate, compare, explain the concentration units and solution
preparations and the uses of solution units and preparation in everyday life.
3. Examine, investigate, discuss and explain the chemical reactions and
equations between metal and water; metal and acid; acid and hase: and acid
and carbonate. Apply this knowledge to use in everyday life.
4. Search data, discuss and explain the effect of chemicals and chemical
reaction to life creature and environment. Aware of the appropriate ways to

use chemicals.
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Strand 8: The Nature of Science and Technology

Standard 8.1: Using scientific methods and scientific mind as a tool for inquiring

knowledge and solving problems; appreciate knowledge that

most natural phenomena contain definite patterns and they can be
explained and tested within the existing information data and
tools; able to understand that science, technology, society and

environment are interrelated.

Expected learning outcomes for MS 1 — MS 3 Students

Students should be able to:

1.
2.

Pose questions related to vital variables in investigation.

Formulate hypothesis, which can be verified and conduct various plans of
verifying.

Select the appropriate techniques in investigation both in qualitative and
quantitative methods.

Gather, collect and operate data both in qualitative and quantitative methods.
Analyze and evaluate relation between empirical data and conclusion, which
supported or contrasted the hypothesis.

Construct models or patterns to represent the results of the investigation.
Perform questions to verify and apply to use in the new situations.

Record and explain data from the observation. Searching information or data to
support the result of the investigation. Accept the limitation of scientific
knowledge.

Present, report and explain the findings of the investigation to other people.
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TABLE 38: RESEARCH INSTRUMENT EXPERTS INFORMATION
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Name

Work place

Status

Dr.Supranee Tanyawad

Asso.Prof. Somiit
Sawathanapaiboon
Varapich Patanasethanon
Assoc.Prof. Kasorn  Palung

Assoc.Prof. Dr. Praseart Sripairot

Assoc.Prof. Dr. Paitoon Suksringarm

- Asst.Prof. Dr. Suthiwan
Peerasaksopon

Asst.Prof.Pradit Agathat

Assoc.Prof. Nittaya Saesim

Asst.Prof. Sunan Budhsart

Institute of Promoting
Teaching Science and

Technology

Srinakarinwirot Unversity

Muang Pon School
Srinakarinwirot University
Srinakarinwirot University

Maha Sarakham

University

Maha Sarakham

University

Rajabhat Maha

Sarakham University

Rajabhat Maha

Sarakham University

Rajabhat Maha

Sarakham University

Retired instructor,

expert

Retired instructor

Instructor
Retired instructor
Instructor

Retired Instructor

Instructor

Instructor

Instructor

Instructor




TABLE 39: LIST OF RESEARCH INSTRUMENT EXPERTS

158

Name

Research Instruments

Curriculum

Teacher Guide Book

Student guide

Sheet

Achievement Test

The Evaluation From

The Evaluation Fomm of
Questionnaire on

of

Question fpr Students’

linterview

Questionnaire of

Te

Question for teachers’

interview

Dr.Supranee

Tanyawad

—

—
—

Asso.Prof. Somijit

Sawathanapaiboon

Warapich

Wattanasatethanon

Assoc.Prof. Kasomn

Palung

Assoc.Prof. Dr.

Praseart Sripairot

Assoc.Prof. Dr. Paitoon

Suksringarm

Asst.Prof. Dr. Suthiwan

Peerasaksopon

Asst.Prof Pradit
Agathat

Assoc.Prof. Nittaya

Saesim

Asst.Prof. Sunan
Budhsart
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TABLE 40: LIST OF EXPERTS FOR CURRICULUM EVALUATEION

Name Status Qualifications Years of
Teaching
Experiences
1.Asst.Prof.Suratin Lecturer, M.Ed. (Teaching 32
Narapirom Rajabhat Maha Science)
Sarakham University
2 Asst.Prof.Maitri Lecturer, M.Ed. (Teaching 12
Chandapradit Rajabhat Maha Science)
Sarakham University
3. Mr.Samran Ekkapim Supervisor (teaching M.Ed. (Science 13
science) Maha Education)
Sarakham
4. Mr.Sermchai Sungkhepes  Supervisor (teaching M.Ed. (Science 13
science) Maha Education)
Sarakham
5. Mrs.Phanwade Science teacher, B.Ed. (General 26
Phisitaphong Sarakam Pithyakom Science
School, Maha &Chemistry)

Sarakham
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APPENDIX 4

Table 41: General Information regarding Participating Teachers in
the Second Semester, 2003 Academic Year
Table 42: Difficulty and Discrimination Index of the Test (l)
Table 43: Difficulty and Discrimination Index of the Test (1)
Table 44: Mean and Standard Deviation of Teachers’ Opinions towards

the Curriculum
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TABLE 41: GENERAL INFORMATION REGARDING PARTICIPATING TEACHERS IN
THE SECOND SEMESTER, 2003 ACADEMIC YEAR

Responsibilities

5
2
o = o)
Level of  Subjects £ 2 g =
School Sex Age Education s 2 g & g
students & @ £ 32 £
F T © £ 8
g 8 L
L —
Nguaba male 32 B. Ed. MS.2 S 204 8 21 - Head,
Wittaya {General MS.4 S 031 school
khom Science) MS.5 S 033 planning
MS.6 5035 division
Mittra 40 -MEd MS.2 S 204 12 23 - Head,
male
phap (Teaching MS.4 S 041 school
Biology) MS.5 S 043 planning
-B. Ed. MS.6 S 045 division
(General
Science&

Biology)
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TABLE 42: DIFFICULTY AND DISCRIMINATION INDEX OF THE TEST (l)

Test | pH PL P T status item | pH PL P r status
item
1 29 23 060 014 * 26/ 26| 14| 048] 027] A
2| 36 16| 060, 045 27 14] 5| 022 02 A
3| 25 23| 055 005 28|  12) 10/ 025/ 005 A
4 220 10| 037] 0270 A 20/ 37, 11 055 059 4
s| 32 14| 053 041 A 30| 35 10/ 052 057,
6l 37 22| oes 034 31| 23] 16 045 018 ‘e
7 23] 14| 043 o2 A 32| 26f 16| 048/ 023 4
8| 38 14] 060 055 33| 42 16| 067| 059 4/
o 29 11 o048l 041 A 34l 37] 12 | 056 057 N
10, 27] 24| 059, 007 35|  40i 19] 068 048
11, 26 21 054 o011+ 3| 38 16/ 062 05
120 43 27) 080 036 37| 34/ 10, 051 055 A
13 13 9 025 008 @ * 38 42| o 059 075 A
14] 241 10| 039 032 A 390 39 17| 064] 05 N
15, 341 14| 055 045 A 40 28] 121 044] 032 4
18] 271 15| 048/ o277 41 34/ 18| o057] 041
17, 38| 8 053 068 A 42| 28 12| 046l 038 A
18] 31] 13 051 o041 430 311 4] o040] os1] A
19l 38/ 10, 053] 059 44, 290 21| o057 0.18 N
200 271 170 051 023 A+ 45, 20/ 10| 045 043
21, 42  14] o064 084 A 46! 25| 7| 037 041 Y,
22/ 28] 15| 048] 030, 47, 23] 8| 038 034
23 42, 15| o066 061 48] 40, 15| 063 057
24 40 13 061 o061 490 25 11 041 032
25 37 7 051 o068 A 50, 41 70 055 077 Ak

\/ = can be used * = o be revised
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TABLE 43: DIFFICULTY AND DISCRIMINATION OF THE TEST (i)

Experts’ Experts’ opinions Tried out Post
ltem p r result Item test
1 2 3 item
1 0.06 0.27 1 1 1 X 1 -
2 0.66 0.52 1 1 1 . 2 1
3 0.36 0.56 1 1 1 A 17 17
4 0.46 0.70 1 0 1 N 9 9
5 0.37 0.38 1 1 1 N 55 2
6 0.29 0.43 1 1 1 N 20 20
7 0.35 0.51 1 1 1 N 22 22
8 0.32 0.42 1 1 1 N 54 37
9 0.40 0.60 1 1 1 \ 19 19
10 0.27 0.23 1 1 1 N 33 32
11 0.10 0.23 0 R 1 X 34 -
12 0.47 0.48 1 1 0 A 35 33
13 0.37 0.58 1 1 1 N 3 3
14 0.29 0.67 1 0 0 & 4 4
15 0.31 0.45 1 1 0 v 10 10
16 0.21 0.60 1 1 0 X 13 -
17 0.32 0.84 1 1 1 X 16 -
18 0.54 0.77 0 1 0 . 28 27
19 0.51 0.69 1 0 1 \ 39 41
20 0.52 0.58 1 0 1 N 40 42
21 0.53 0.52 1 1 1 N 30 29
22 0.44 0.62 1 1 1 A\ 42 39
23 0.48 0.51 1 -1 1 N 43 40
24 0.22 0.37 1 0o 1 A 58 13
25 0.39 0.55 1 1 1 N 6 10
26 0.31 0.70 1 1 1 N 7 7
27 0.16 0.25 1 1 0 X 27 -
28 0.10 0.40 1 1 1 » 37 12
29 0.60 0.73 0 0 1 . 44 34
30 0.55 0.59 1 0 1 N 45 35

"j = can be used x = not to be used * = to be revised
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TABLE 43: (continued)

Experts’ Expers' opinions Tried out Post test
ltem p r Result ltem item
1 2 3
31 0.44 0.62 0 1 1 N 46 36
32 0.33 0.38 0 1 0 X 60 -
33 0.54 0.58 1 - 1 \ 21 21
34 0.15 0.40 1 1 1 . 24 24
35 0.35 0.57 1 1 1 A 50 45
36 0.55 0.56 1 1 1 N 32 31
37 0.61 0.62 1 0 1 N 59 16
38 0.09 0.28 1 0 1 . 15 15
39 0.37 0.84 1 1 1 N 14 14
40 0.51 0.59 0 - 1 N 23 23
41 0.24 0.53 1 1 1 \/ 53 48
42 0.20 0.62 1 - 0 A 38 26
43 0.22 0.40 1 1 1 N 26 49
44 036 020 1 1 1 X 36 -
45 0.34 0.52 1 1 1 N 49 44
46 0.29 0.53 1 1 1 A 51 46
47 0.51 0.38 1 1 1 N} 52 47
48 0.27 0.35 1 0 0 X 47 -
49 0.22 0.44 1 0 1 N 11 11
50 0.06 0.62 1 1 1 X 12 -
51 0.18 0.46 1 1 1 . 8 8
52 0.41 0.69 1 1 1 N, 41 43
53 0.24 0.30 1 1 1 N, 5 5
54 0.26 0.33 1 1 1 N, 18 18
55 0.52 0.71 1 1 1 N, 25 25
56 0.26 0.35 0 1 1 N, 56 38
57 0.36 0.61 1 0 1 \ 57 50
58 0.47 0.65 1 1 1 N 29 28
59 0.17 0.43 1 1 1 . 31 30

60 0.06 0.10 1 1 1 48 -

x
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TOWARDS THE CURRICULUM
Item M sD

As a resuit of participating in this research,

Subscale I: Opinions towards the course, you feel that:

1 Local wisdom can be used to teach science subject 4.67 .58

2 Information regarding the use of chemicals in everyday life from  4.33 58
local wise men/ women is useful in science instruction

3 The students chose contents for this course from local wisdom 4.33 1.15
is appropriate

4 Setting learning activities based on local wisdom is appropriate 4.33 .58

5 Course principles which were established based on students 4.67 58
investigative approach is valuable

6 Schools should offer this course as an elective science course 4.00 .00
for secondary school students

7 Students’ investigations are valuable 4.67 .58

Subscale 2: processes of learning activities: | think that;

8 Learning activities focused on students investigative approach is  4.67 58
useful to develop students’ abilities in learning science

9 Teaching approach through learning cycle as Cne Course One 4.00 1.00
Cycle is appropriate

10 | can set learning activities base on the learning cycle by myself  4.00 .00

11 Interviewing local wise men / women by the student is 4.00 .58
necessary in engagement phase

12 Planning their own investigations can help students to learn 3.67 .58
processes of constructing knowledge

13 Students can plan their own investigation in topics of their interest 3.67 .58

14 To design their own surveys, students need advice from the teacher  4.33 .58

15 To plan their own investigations, students had learned how to 4.00 1.00
find knowledge

16 To design their own experiments, students need advice from 4.00 .00

teacher
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TABLE 44: (continued)

Item M sSD
17  Students learn scientific processes by doing experiment 4.33 58
18  Students need advice from the teacher while doing experiment  3.67 58
19 students can do experiments by themselves 3.67 .58
20  Allowing students explain results of experiment is useful for 4.67 .58
them
21 Students need advice from teacher to explain their 3.67 .58
experimental results
22  students can find their own explanation 4.00 .58
23  Allowing students to make their own conclusion is valuable 4.33 .58
24  Teachers need to advise students for making conclusion 3.67 .58
25 Students can conclude the experiment by themselves 3.33 .58
26  Allowing students to present their finding in the investigation is  4.00 .00
valuable
27 Itis useful for students to conclude their attained knowledge 4.00 1.00

from other groups presentation
28 Instructional processes are interesting 4.33 .58
29  Other science subjects should plan instructional processes as 4.33 58
this course do

Subscale 3: evaluation learning activities,

| think that
30  Allowing students evaluate their behaviors is appropriate 4.33 .58
31 Allowing students evaluate their friends’ presentations is 4.33 .58
appropriate
32  Students observation forms in all phases of learning cycle are 4.33 .58

helpful for grading students
33  Students evaluation forms in all phases of learning cycle are 4.67 .58
helpful for grading student learning

34 | can fairly grade each student 457 .58




APPENDIX 5
(In Thai)

5.1 Brief of Teaching Plan

5.2 Sample of Activities and Students’ Tasks
5.3 Post - test

5.4 Teacher Preparation Workshop

5.5 Teacher's Memorandum
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Natchanok Jansawang. (2005). The Development of a School-Based Elective Science
Curriculum with Local Wisdom for a Lower Secondary School . Dissertation, Ed.D
(Science Education). Bangkok : Graduate School, Srinakharinwirot University.
Advisory Committee: Assoc.Prof.Dr. Somson Wongyounoi, Dr.Chinda

Tambunchong, Dr.Precharn Dechsri.

The objectives of this research were to develop and implement an elective
science curriculum, Chemicals in Everyday Life, for the lower secondary school students
with local wisdom; study the resuits of implementing the curriculum; and survey the opinion
of participating teachers regarding the curriculum. This developmental research was
divided into four main steps: Curriculum Preparation, Curriculum Design, Field study and
Curriculum Evaluation. Learning activities were based on the learning cycle of One Course
One Cycle adopted from 5Es. The cycle consists of five phases: engagement; exploration;
explanation and conclusion; elaboration, exchange experience; and evaluation and
application. Contents were related to the chemicals used with local wisdom in their daily
life. The chemicals were classified intc 5 groups: detergents; food additives and food
preservation; natural dyes; natural insecticides and pesticides; and herbal medicine.

The subjects were MS 2 students from Nguaba Wittayakhom and 41 students from
Mittraphap School, who studied in the second semester of 2003 academic year. The research
instruments were: The Curriculum, The Evaluation Forms of Curriculum Documents, Pre-and Post-
Tests, The Evaluation Form of Science Process Skills, The Evaluation Form of Manipulative skills,
Questionnaire of Students’ Attitudes towards Leaming Science, Questions for Student's Interviews,
Questionnaire on Teachers' Opinions towards the Cumiculum, and Questions for Teacher
Interviews. The data were analyzed by using mean and standard deviation. Research hypotheses
were tested by a t-test of dependent samples, t-test for one group and Analysis of Variance (One
Way ANOVA).

The research results were summarized as follows:

Experts examined the curriculum documents to check the structural content validity and
comelation.  According to them, the cumicuium documents are based on the Thai Educational
Standard and appropriate for teaching lower secondary school students. The preliminary study of
curiculum was conducted for 20 hours at Kampom Wittayakhom, Maha Sarakham from 1 -20
December 2003. According to the discussions of the researcher and participating teachers, activity

plans were revised. Then, the curriculum was implemented at Nguaba Wittayakhom and



Mittraphap School for 36 hours from 3 January — 3 March, 2004. The results of implementing the
curriculum were as follows:

Students gained significantly higher post-test scores than pre-test score; the post-
test scores of the students in different units were not different; the scores of students on science
process skills were significantly lower than the high level; the scores of their manipulating-skills’
were significantly lower than the high level; the scores of their attitudes towards science leaming
were significantly higher than the high level; and the students showed awareness of value of
local wisdom and benefit of local resources. They enjoyed learning science based on the
learning cycle with local wisdom because they develop both investigation skills and team-working
skills.

Regarding the participant teachers’ opinions towards the curriculum higher than the
high level, they enjoyed teaching by using the leaming cycle with local wisdom.

Discussion of science instruction experts on the cumiculum documents and resuits of
the study, showed that the activities were open-inquiry; the curriculum focused on both the
inquiry cycle and local wisdom; and the curriculum should be promoted to be used among

science classes of lower secondary school students.
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