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Chapter 1

Introduction

Background

The main objective of education is to create a person who will be able to lead
a gocd and useful fife. Educators do this by preparing various learning processes for
the student, which will make him/her an expert in a particular field of knowledge. It is
hoped that the student will not only use that knowledge to improve his life but also
improve the society he lives in. In each science or subject area, we aim to develop
certain qualities which are necessary for success in that field — such as qualities of a
good scientist or a good doctor. Turner and DiMarco (1998: 18 — 41) state that the
science curriculum should portray science as it is, relating it to the day-to-day life of the
pupil and revealing some of the interplay between science and society. In the modern
world, where society is surrounded by such scientific activities as science-based work,
there is a need for everyone to gain science literacy. Also, a certain extent of scientific
knowledge for Thai people is insvitable. Thais are required to have this kind of
knowledge and pay more attention to science education in order o survive in the world
of today. According to The United States National Science Education Standard (1996:
11 — 12) which states that “An understanding of science will help everyone realize the
abundance and diversity of the naturai world. Science literacy enables people to use
scientific principles and processes to make a personal decision, as well as, to join in
scientific discussion that affects scciety. Strong basic knowledge of science will improve
people’s prior skilis in many ways, such as to solve problems creatively, to think
critically, to work in a team, to use technology effectively, and to realize the importance
of learning throughecut one's life.”

To achieve our objective, schools should offer as much freedom and as many
choices as possible, especially in terms of the learning process, content and course
management. This requires co-operation of all concerned: the government, the local
community, school, individual families and many other sociat institutions. Learning and
development is a part of one's life, in all aspects - knowledge, wisdom, behaviour and
morals.

For a long time, since Thailand adopted the National Economic Plan |,

education has been under the centralized control of the government and its



bureaucracy. Education is the government's major tool in developing the country. Yet
there have been many obstacles in using this tool, it has faced problems in many areas:
educational service policy, teaching and learning, and evaluation. These have hindered
efforts of many who want to develop their own local community. The learning process is
one of the major problems. The National Education Committee presented that
Thailand’s science education is expressed in two ways: the traditional curriculum and
the real-life learning. The first category is still commonly practised in Thai schools.
Science is considered a large part of subject matter the teachers give to their students.
Then, from the students’ point of view, science is a kind of rote learning, consisting of
contents, principles, formulas, and techniques to memorize in order to answer
questions. This way of learning is not good enough to make practical scientists of the
students. Real science education should be like a journey into the world of wisdom. The
students should feel excited whenever they discover something by themselves. They
should have intellectual curiosity and enthusiasm about how to find the answers to their
questions. However, in the traditional way of learning, they rarely have a chance to ask
for anything that they really want to know. (The Office of the National Education
Commission. 1998)

The result of TIMMS 1999 has shown that Thai student's score of science and
mathematics are lower than that of the neighbours. This means that the quality of
science learning and teaching is considered to be a serious problem. The Entrance
examination process that measures only knowledge in content means that, school
emphasises student knowledge as much as possible. Skills, science processes and
science attitudes are left behind. Also lessons taught in school do not have relevance to
the way of life in the community.

Kaewdang (n.d.) states in “Learning for the New Century” that Thailand’s
education system has long emphasized on “chalk and talk" pedagogy, rote learning,
placed an importance on school education with teachers as the centre of teaching-
learning activities. Even worse, the knowledge provided is not relevant to the need of
learner and community.

This fact has consequently slowed down or impeded development in cther
areas: economic, social, political and environmental. So far, there has not been any
effective solution, the problems have continued and have become more and more

severe.



National Science and Technology Development Agency (2000: 1 — 6) stated
that according to the research conducted by the International Institute for Management
Development (IMD) Thailand's ranking in the field of science and technology has been
lowered for the previous three years and is last in the list for the year 2000 report.

The present Educational Reform seeks to attack such problems and continues
on with the development of the country as a whole — a full and quality major reform.
The new National Education Act of B.E. 2542 was officially adopted this year.

Chapter 1 General Provision: Objective and Principles reads:

“...Section? The learning process shall aim at incuicating sound
awareness of politics; democratic system of government under a constitutional
monarchy; ability to protect and promote their rights, responsibifities, freedom,
respect of the rule of law, equality, and hurnan dignity, pride in Thai identity,
ability to protect public and national interests; promotion of religion, art, national
cufture, sports, local wisdom, Thai wisdom and universal knowledge; inculcating
ability to preserve natural resources and the environment; ability to earn a
living; self-reliance, creativity, and acquiring thirst for knowledge and capability

of self-learning on a continuous basis.

(Office of the National Education Commission. 1999: 4)

According to the new Act, the problem of irrelevance will be attended to.
Learning will instil a desirable awareness and encourage ‘focal wisdom’ or ‘community
resource’. Teaching and learning will have to bring in local knowledge, integrate it into
the curriculum for the learners and look for the best ways toc improve one’s own
community.

Partridge {2003: 56 — 57) states that the teacher should encourage students to
experience science for themselves — through class trips, or by encouraging students
{and parents) to visit a science centre or museum.

Woolnough (1994 45) states that School science teaching can become limited
by the school environment, using only the resources that science teachers can bring
through there own expertise and teaching skills and through the laboratory equipment
available in the school laboratory. To overcome this limitation teachers have
increasingly been looking to widen their students’ experience by utilising the resources

of local industry.



Michie (1998: 43 — 50} states that a series of interviews with 28 secondary
science teachers was used to determine the influences on those teachers to take field
trips. The interviews were evaluated using an interpretivist methodology and indicate a
range of influences. Science teachers are in general willing to use field trips as part of
their pedagogy because they feel that their students need hands-on, real life
experiences or to examine applications of science which augment their class room
studies.

Kaewdany (n.d.) suggests that Education in the year 2000 should aim at the
full development of Thai People in all aspects; Physical and mental health; intellect;
knowledge; horality; and a desirable way of life so as to be able to live in harmony with
other people. This is the objective of 6ur education. We do not want our citizens who
know “what” but not "how” and “why”. We do not want a machine-like human being or a
walking dictionary, and we should not compel our children to learn the things that do not
suit their needs and aptitudes. We do need children to learn happily, to achieve a
balance integration of intelligence and integrity. To be an intelligent person, they must
know not only modern or western knowledge but aiso Thai wisdom. Also in the world of
competition, our children must know how to acquire information, how to think and how
to solve the problems. To be a person of integrity, they must sympathize with other
people, be equipped with morality, discipline, and be a responsible citizen. They must
be able to balance their lives well while extending help to other people.

Researcher teaches science at Chitralada School. The school's community
includes the Royal Chitralada Projects which are situated a few hundred metres away.
Therefore, by emphasizing the Projects into the school's science curriculum (from K-12)
will instil the students with an appropriate awareness of our democratic system of
government under a constitutional monarchy and local wisdom. The students will also
learn about project management and organization. They will be able to see for
themselves the importance of the projects. This direct experience and contact will
create an understanding, which will encourage them to support and promote the Royal
Projects and its achievements, which in turn will benefit the couniry as a whole.

In addition, in order to create such awareness to the students, teaching and
learning styles are another important factor.

In developing teaching, it is important to motivate student to be interested in

science as Turne and DiMarco (1998: 90) state that a powerful motivating factor in



science class is practical work. Science teaching has an advantage over many
curriculum subjects because of the importance attributed by teachers to the active
participation of pupils.

Alsop and Hicks (2001: 86 — 87) state that the significance of promoting ‘active
learning’ is widely recognized. Educational research has demonstrated the success of
teaching and learning activities that actively and collaboratively engage children in the
learning process.

The style which should be applied to the science lesson should incorporate
integrated knowledge from community resources ‘The Royal Chitralada project’ and to
study how it works. The learning and teaching strategy which can be an alternative for
science teaching is to make a trip to visit educational resources.

Alsop and Hicks {2001: 85) suggest 72 teaching and learning strategies. If
teachers choose some strategies which include day trips they will make life a lot easier
and make teaching more enjoyable.

Kaewdang (n.d.) suggests that the old education system is not entirely bad.
But in the age of advancing information technology and of world competition, education
should not be restrained only to the classroom. Teachers are not the sole knowledge
source. Education must aim at cultivating within students skills of searching for
knowledge through self-learning so that they can learn continually at any time and
anyplace throughout their lives.

Falk (2001: 4) states on science learning in “Free-Choice Science Education.
How we learn Science outside of school” that Science, in particular, is a topic not easily
confined to school hours and years. Both the process and conient of science is ever-
changing. Because of this constant, in fact ever-accelerating, rate of change, science is
a subject that requires a lifelong commitment in order to remain literate and current.
Fortunately, myriad resources committed to facilitating public understanding of science
regularly provide current science information for public consumption. Accordingly, the
American public currently learns science from a wide range of sources, including the
formal education system, libraries, and museums.

Brice Heath & Smyth; Epstein (2001) state that research strongly suggests that
the more the separate influential spheres of family, school work, elective learning
overlap in people’'s lives, the more likely they are to become successful lifelong learners

(Falk. 2001: 4 ; citing Brice Heath & Smyth; Epstein. 2001)



Knapp (2001) states about science learning that the more these various
components work together toward improving the quality of science education, the more
likely all witl be successful. (Falk. 2001: 4 ; citing Knapp. 2001)

Falk (2001: 6) uses the term of "Free-Choice learning” to refer to the type of
learning that occurs most frequently outside of school; in particutar, Free-Choice
learning refer to the type of learning typically facilitated by museums, science centres, a
wide range of community-based organizations, and print and electronic media including
the internet.

The new National Education Act of B.kz. 2542 was officially adopted this year.
Chapter 4 National Education guideline (Office of the National Education Commission,

1999: 10)

“. Section 22 Education shall be based on the principle that all learners are
capable of learning and self-development, and are regarded as being most
important. The teaching-learning process shall aim af enabling the learners to
develop themselves at their own pace and to the best of their potentiality.”

(Office of the National Education Commission. 1999; 10)

The statement of section 22 assures that each individual has potentiality for
learning and is regarded as the centre of teaching-learning activities. It means that the
new style of approach should focus on student-centred learning.

The teaching style which is good can be a pilot project for other science
lessons and other subjects as well.

More over, another thing that will be able to upgrade science and technology
from the lowest rank is the public understanding of science. Falk (2001: 8 - 9) stated
that science, both as a way of thought and as a cultural tool, has grown to dominate our
daily lives.

Falk (2001: 9) gives the definition of public understanding of science that
public refers to people of all ages; understanding is a four-part concept that includes
appreciation, access to information, ability to analyze, and ability to take appropriate
action; and science includes all the natural and social science, including engineering,

mathematics, and health.



If Thailand moves on how to improve teaching-learning style and also the
public understanding of science, it will be good for the future development of the Thai
people.

Thailand is an agricultural country. Seventy percent of the population earns
their living in the agricultural industry. As the population increases, the area of avaitable
farmland decreased. However farming is still the main livelihood of most Thai people.

His Majesty the King Bhumipol Adulyadei has dedicated his work to the poorer
people and has been very determined in his efforts to develop and make the most of
the existing traditional knowledge and technologies. His Majesty takes a personal
interest in research, setting an example for his people as a model scientist. All his
experiments have been aimed at helping and developing Thai farming.

His Majesty the King has travelled extensively around the nation to learn about
his people and their way of life. Whenever a disaster strikes a particular area, His
Majesty visits his people to see and find for himself what needs to be done. Itis during
such trips and visits that His Majesty takes notes of things of interest. He would study
them, conducts experiments and send back the findings or results to be put into
practice. The Royal Chitralada Projects is a national research centre for these studies
and research. The projects are experimental, pilot and non-profit oriented.

The Royal projects have been His Majesty's response to his people. He has
truly listened and heard the Thai people’s problems in farming and animal husbandry.
His Majesty is always working for the needs of his people which are wide-ranging. The
projects therefore cover various areas. Aside from experimenting with new crops or
farming methods, His Majesty the King is interested in meteorology and water sources
which are crucial for farmers.

His Majesty the King is always working in the country, the forests and remote
areas, leading a commoner's life. He is a hard-working King locking after the welfare of
his people.

He has given up areas within his residential palace grounds and set up a
miniature replica of Thailand, with different types of agricultural projects found in the
central, north, north-east and south of the country. He has also invited in many private
as well as governmental organizations to participate and work together in these
projects.

The Royal Chitralada Projects are mainly agricultural projects focusing on the

valuable existing agricuitural and natural resources of Thailand. The projects



emphasize the importance of careful and wise use of these resources. The projects are
designed to use simple production process while at the same time using new advance
technologies to conduct research. For all the projects His Majesty has emphasized
simplicity and economy with maximum results.

If the Royal Chitralada Projects can be used as community resources for the
science curriculum, which focuses on student-centred and active learning, that greatly

helps promote science education in the school.

Purpose of the study
The purposes of the study are summarized as follows :

1} To develop an extra science curriculum with emphasis on community
resources. This satisfies the requirement in Strand 1: living things and living processes
Benchmark 1.1, which emphasises the scientific process. An extra science curriculum
will be developed upon community resources. {The Royal Chitralada Projects)

2) To measure and compare student’s scores of science achievement,
science process skills and scientific attitudes before and after an extra science
curricutum has been applied.

3) To evaluate an extra science curriculum with emphasis on community
resource (The Royal Chitralada Projects) for Year-8 (MS2) (science extra course).
Active learning approaches are applied in the curriculum.

The details of Strand 1 Living processes Benchmark 1.1 are as follows :

1} To survey, explore, analyse and define behaviours of living things

2) To find, discuss and discover biological technology for increasing products
from agriculture and also for developing animal and plant breeding development and to
use the technology for the manufacture of products from agriculture

3} To survey nutrition and food which are related to human daily life and

gain knowledge to choose suitable food for consumption in respect of gender and age

Scope of the study

According to the proposals for the education reform in Thailand, every schooi
has to produce its own school curriculum and this has to relate to the core curriculum
from the government. As educators, we have to be creative to support our school in

terms of developing subject matters and methods of teaching and of learning.



The research plan is to develop an extra science curriculum which is
emphasised community resources, “The Royal Chitralada Projects” which are close to
the school, into science subjects by making extra courses of science using these
community resources for students to study and apply their knowledge into the process

of learning.

According to an extra science curriculum for Year 8 (MS2), students have to
pass through a strand 1 “living things and the process of living” and benchmark 1.1 of

Key stage 3 (Lower secondary grades)

The community resources, The Royal Chitralada Projects; dairy farm, milk
collection centre and milk processing, will be used as the basis for an extra science
curriculum. For the curriculum learning process, active learning approaches should be

applied.

To evaluate an extra science curriculum with emphasis on community
resources {The Royal Chitralada Projects) is the most important thing to do upon

completing the experiment.

Research Question
Research question are as follows :

1. Can an extra science curriculum with emphasis on community
resources help students to improve their science achievement score?

2. How can an extra science curriculum with emphasis on community
resources help students to improve their science achievement score?

3. Can an extra science curriculum with emphasis on community
resources help students to improve their science process skills?

4. How can an extra science curriculum with emphasis on community
resources help students to improve their science process skills?

5. Can an extra science curriculum with emphasis on community
resources help students to positively improve their scientific attitudes?

6. How can an extra science curricutum with emphasis on community

resources help students to positively improve their scientific attitudes?
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Significance of the study

The finished project will result in the development of innovative teaching and
learning approaches, as well as producing a distinctive course, which is emphasised on
community resources. This pilot project can be used as a model for other courses in a
school's curriculum in terms of methods and integration with other resources.

It is certain that if the project can improve students’ achievements of their
examination scores and change their scientific attitudes positively, they wiil consider
science as a tool for developing ideas and actions in order to improve their own lives
and society.

In the teaching and learning process integrated with community resources and
active learning approach, students will enjoy studying science and will be happy to learn
science without getting bored. Hopefully, teachers will also enjoy teaching and keep on
developing new strategies in teaching methods for the next generation, which is a

model for sustainable development.

L.imitation of the study
An extra science curriculum
1) The subject content is emphasised on community resources {The Royal
Chitralada Projects) (Chitralada daily farm, Chitralada milk collection centre and Milk
processing)
2) The subject content is for Year-8 (MS2) at Key Stage 3
The experimental limits
1. Population
1.1 The study population involved students in Year — 8 (age12 — 13)
at Key Stage 3 (Mathayom Suksa 2 or MS 2).
1.2 Experimental sample; The subjects are 69 students in Year - 8
{age 12 — 13) at Key Stage 3 who are studying in the second semester of the academic
year 2004 at Chitralada School, Chitralada Palace Dusit Bangkok Thailand
2. Time period
Second semester of the academic year 2004, 7 weeks, 2 periods a
week, 50 minutes a period. Totalling: 14 periods, the instructor was a science teacher in
Year — 8§ (MS2)
3. Variables of the Study
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3.1 Independent variable is an extra science curriculum with emphasis
on community resources.
3.2 Dependent variables are learning achievement, science process
skills and scientific attitudes.
Definition of the terms

The terms use in this study are defined as follows ;

1. An extra science curriculum is a science curriculum which emphasis
on the content focusing upon the community resources “The Royal Chitralada Projects”
(Chitralada Dairy Farm, Chitralada Milk Collection Centre, Milk Processing). It also
included learning activities and gives a basis for the assessment for Year — 8 students.
{Two periods a week} It is not a science main course.

2. Community resources mean The Royal Chitralada Projects (Chitralada
Dairy Farm, Chitratada Milk Collection Centre and Milk Processing) which are located at
the ground of Chitralada Palace, Bangkok, Thailand. The Royal Chitralada Projects are
initiated by His Majesty King Bhumipol Adulyadej to help Thai farmers, most citizens of
the Kingdom of Thailand. The Royal Chitralada Projects include experimental projects
with their pioneering and non-profit nature. Each project is run with the knowledge of
scientific process. (Using placements/ examples/ situations in one's own community
where teachers can take students to learn and gain knowledge) this definition aiso
covers local resources.

3. Active learning refers to activities which create a student-centred
learning environment. Students do the activity themselves in groups. Knowledge, ideas
and experience are employed by the students during the activity. This is made possible
by the teacher whose role is to stimulate and create interest amongst students through
fun and active learning atmosphere. Students response will be related to the lesson,
and reflect his/her ability to speak, listen, read and write as well as to demonstrate
appropriate social behaviour. Teaching methods for active learning include co-operative
learning, scientific inquiry and science communication

4. Student-centred learning is defined as an approach to teach students
how to gain knowledge in real circumstances. An illustration of this is the M2 Science
Extra Course. The course is conducted by a teacher who creates activities, facilitates
the learning process and gives advice to the students. Group work is emphasized in

the lesson plan, integrated with the Royal Chitralada Projects and Cooperative
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Learning. As a result, the students can practice and develop learning skills, such as
cooperating with others, seeking new knowledge, solving problems, making decisions,
exchanging opinions, accepting others’ ideas, sharing resources and supporting each
other. Furthermore, the students will practice thinking process, work in groups, apply
scientific process in real activities. They will be encouraged to have positive attitudes
towards science.

5. Field trip means to take groups of students to visit community
resources and also a practical place i.e.. The Royal Chitralada Projects (Chitralada
dairy farm, Chitralada milk collection centre and Milk processing) to learn, to gain their
knowledge and to work cooperatively to collect and interpret scientific data. One of the
benefits of taking students on field trips is that they are exposed to "real" people and
events; through the authentic learning experiences a field trip can provide, students
develop a sense of themselves in relation to the world. Subjects learned in school take
on new meaning when students are able to relate them to people and occurrences
outside the classroom.

6. Science achievement refers to the ability of students to fearn science
by an extra science curriculum with emphasis on community resources. It is evaluated
from students’ intelligence. According to Bloom {1956}, such intelligence consists of
knowledge, memory, comprehension, application, analysis, synthesis and assessment of
science process skills. In an Extra Science Curriculum with emphasis on community
resources, practices can be assessed from students’ achievement examination.

7. Science process skills refer to the ability of students to their skills in
science learning activities. It is evaluated from 8 skiils of observing, measuring
classifying, organizing data and communication, formulating hypothesis, experimenting,
interpreting data and making conclusion. In an Extra Science Curriculum with Emphasis
on Community Resources, practices can be assessed from science process skills
examination.

8. Scientific attitudes refer to qualities or habits of an individual which are
the result of using scientific process in their learning or studying. Such personal qualities
include attributes such as interest to learn, determination, resilience, carefulness,
responsibility, honesty, economy, ability to share and accept others' opinions, open-

mindedness, and ability to reason and work with others creatively.
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9. Authentic assessment is regarded as a kind of learning and teaching
assessment for students’ advanced proficiency and problem-solving skills, which they
will use in their real life, while they are undertaking activities. Students are required to
initiate and carry out their own work. Such assessment focuses directly upon students’
actual practices in either assignment or any activities of their own interest. Authentic
assessment tools used in the General Science Teaching Behaviour Course, in which
student-centred approach is emphasised, are achievement assessment tools. Tools for
measuring behavior during class are used according to the following criteria:
cooperative learning, responsibilities, attitudes towards learning and teaching and
abilities to perform their presentation. Researchers, co-researchers and students will

use such tools during and after classes.

Hypotheses
Research hypotheses are as follows .
1. After an extra science curriculum has been applied, the experimental
students will get higher learning achievement than before using the curriculum,
2. After an exira science curriculum has been applied, the experimental
students will get higher science process skill than before using the curriculum.
3. After extra science curriculum has been applied, the experimental

students will get higher scientific attitudes than before using the curriculum.



Chapter2

Review literature

1. Curriculum and Curriculum Development
Curriculum
Nobody can refuse that a curriculum is very important in all levels of
educational management because a curricuium itsel, is a framework for teaching and
learning. System of teaching and learning will reach the goal by following a curricuium.
Taba (1962: 11) states that a curriculum is a plan for learning. Posner (1995: 5)
presents that some give the definition of curriculum that curriculum is the content or
objectives for schools hold students accountable on the other hand others claim that a
curriculum is the set of instructional strategies that teachers plan to use. Oliva (1997 4)
lists these curriculum is statements. Curriculum is that which is taught in school. a set of
subjects, content, a program of studies.
1. a set of materials.
2. a sequence of courses.
3. a set of performance objectives.
4. a course of study.
5. everything that goes on within the school, including extra-class activities,
guidance, and interpersonal relationships.
6. that which is taught both inside and outside of school directed by the
school.
7. everything that is planned by school personnet.
8. a series of experiences undergone by learners in school,
9. that which an individual learner experiences as a result of schooling.
Oliva {1988: 9 — 10} presents that curriculum is defined as a "plan or program
for all of the experiences which the learner encounters under the direction of the school
[organization or institution]. In practice, the curriculum consists of a number of plans, in a
written form and of varying scope, which delineate the desired learning experiences. The
curriculum, therefore, may be a unit, a course, a sequence of courses, the school's
[organization or institution] entire program of studies - and may take place outside of the

classroom or school.”
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Posner and Rudnitsky (1997:8) state that "Curriculum is not a process. . . . A
more precise view of curriculum--and the common understanding of curriculum among
laypeople--is that it is what is taught in school or what is intended to be learned. It does
not refer to what is to be done in schoot or what is to happen in the learning process.
Curriculum represents a set of intentions, a set of intended learning outcomes.”

Curriculum deveiopment

Tyler wrote a book in 1949 that describes what is known as the rational
curriculum development process, or the means-end model. Essentially, Tyler's book
says that to develop a curriculum you begin by examining three sources for ideas about
the possible objectives you should include in a curriculum: the students, society, and
the subjects. You then "screen” the needs of each of these forces by checking ideas
against a philosophy of education and understanding of the psychology of learning. This
allows you to specify precise instructional objectives, which lead to the final steps of
curriculum development: selection of learning experiences to accomplish the objectives,
organization of the experiences into a logical sequence, and evaluation of the
experiences to see if the objectives were accomplished.

In other words, there are four parts to the rational, means-ends curriculum
development process. Tyler framed these as four questions : (Tyler. 1949: 1)

1. What educational purposes should the school seek to attain?

2. What educational experiences can be provided that are likely to attain
these purposes?

3. How can these educational experiences be effectively organized?

4. How can we determine whether these purposes are being attained?

Tyler aiso places an emphasis on the formuiation of behavioural
objectives. Tyler (1949:44) states that since the real purpose of education is not to have
the instructor perform certain activities but to bring about significant changes in the
students' pattern of behaviour, it becomes important to recognize that any statements of
objectives of the school should be a statement of changes to take place in the students.

We can see how these concerns translate into an ordered procedure : one
that is very similar to the technical or productive thinking which is from Taba (1962: 11)
set out below.

Step 1 : Diagnosis of need

Step 2 : Formulation of objectives
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Step 3 : Selection of content

Step 4 : Crganization of content

Step 5 : Selection of learning experiences

Step 6 : Organization of learning experiences

Step 7 : Determination of what to evaluate and of the ways and means of
doing it.

Henson (2001: 148 — 149) presents Tyler's ends-means model introduced a
revolutionary idea to curriculum planning that curriculum developer should start by
deciding what purposes the curriculum is to have and then plan accordingly. A summary
of Tyler's model, Tyler suggested that several ends, which Tyler called goals,
educational objective, and purposes, be identified by examining three elements: the
learners, life in the community, and subject matter.

Utaranan (1989: 181 - 292) suggests the process of curriculum development
into steps as follow :

1. Study the basic information by analyzing needs and study specific
problems in order to produce curricutum.

2. Design purposes of the curriculum to solve specific problems and to
support needs of sccial and curriculum user.

3. Choose centent and learning experience for students to get to the goal.

4. Design way of assessment curriculum before/after the implementation
and also during implementation of curricutum,

5. To do an implementation of curniculum.

6. Evaluate curriculum to find out product and achievement of curriculum.

IPST (2003: 1 - 3) states that IPST is assigned by Ministry of Education to
response group of learning science mathematics and technology. In Science, IPST
design learning strand and benchmark for four levels of student from lower primary
grade until higher secondary grade. Steps of curriculum development from IPST can be
described as follow :

t. Design strand and Benchmark for all level from grade 1 — 12

2. Design vision of teaching and learning science.

3. Design concept model for each level from grade 1 — 12.
4. Design learning objective.
5

. Design unit of learning.
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6. Design course description for science courses each level.
7. Design lesson plan related to a core curriculum for grade1-12. A core
curriculum is a pattern for each school to use as a guide plan.

To develop an extra science curriculum emphasized community resources,
researcher adapt the process of curriculum development from Tyler (1949), Taba(1962),
Utaranan (1989) and IPST(2003). Researcher's steps of curriculum development are
as follow :

1. Study basic information; National acts B.E.2542, Core curriculum
(Science Education Standard: the basic Education Curriculum AD. 2544), Community
resources, curriculum development, school, students’ background, teaching and learning
style.

2. Give the purpose of the curricuium.

3. Choose content related to core curriculum and community resources.
Design curriculum document concerning course description, unit of learning, teaching
and learning style, instructional media and evaluation.

4. Evaluate curriculum document before implementation by experts.

5. Implementation of the curriculum.

6. Evaluate curriculum after implementation.

7

. Validation of the curriculum,
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From 7 steps of researcher's curriculum development, it can be described as

the graphic model figure below.

School
Science education
Study Basic i i
standard udy Basic information
(Core Curriculum) Students’ Background
Curriculum Give the purpose of Community
development icul
P currieuium resources
. h
Teaching and
) Choose the content related to core curriculum
learning style Purpose of

and community resources Course description, tocal
oca

F 3

Unit of learning, teaching and learning style,

A 4

resources

instructional media, lesson plan

» The component
h

of resources

Implementation

Evaluation of .
- of the curriculum

curriculum

.
»

A

Validation of the curriculum

FIGURE 1 MODEL OF THE PROCESS OF CURRICULUM DEVELOPMENT

2. Science instruction theory

The teaching and learning processes are crucial to knowledge development in
students. The teacher who prepares the proper environment is the key to the process.
In order to achieve the best resuits for the learners, the teacher should be someone
who possesses knowledge in the subject content as well as someone who can use
appropriate teaching methods, is able to organize learning activities and is aware of the

psychological needs of the learners.
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Like teachers of other disciplines, science teachers must be knowiedgeable in
their subject area and must be able to impart that knowledge to the students using
appropriate teaching strategies. Different content requires different teaching strategies.
Science teachers must be able to organize tasks which encourage learning in students.
Science teachers must also understand the psychoicgical and cognitive development of
their students.

Savathanaphaibul (n.d.) suggests that an effective teaching of science cannot
ignore the psychological aspects of learning. Her psychological framework for teachers
of science follows Jean Piaget's views on cognitive development.

Wadsworth (1975: 29 — 30) states that development is thought to flow along in
a cumulative manner, each new step in development becoming integrated with previous
steps. The behaviours described are only typical behaviours of a given age, period, or
stage.

Students that researcher is going to focus on is around 13 years old in Year-8.
They suppose to be in the period of formal operations. Wadsworth (1975; 109 -~ 110)
concluded on this period that approximately ages are 11 to 15 years; the child develops
the ability to solve all cfasses of problems that can be solved through logical operations.
The child’s cognitive structures reach maturity during this period. That is the potential in
terms of quality of thought (as compared to the potential of adult thoughts) is at its
maximum when formal operations are achieved.

Today's educational trends emphasizes self-development seeking to instill
qualities such as discipline, honesty and key skills such as thinking skills, and problem
solving skills.

in order to be effective in achieving these, teachers must use the right
teaching approaches and must be systematic in their teaching. They must be aware of
the important factors in the learning process: the content, the learner and the learning
environment, such as classrcom condition, equipment and number of students.

Many teachers today want to move past passive learning to active fearning, to
find better ways of engaging students in the learning process. But many teachers feel a
nead for help in imagining what to do, in or out of class that would constitute a
meaningful set of active learning activities.

Figure 2 offers a way of conceptualizing the learning process in a way that

may assist teachers in identifying meaningful forms of active learning.
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Experience of: Dialogue with:

Doing

Observing

FIGURE 2 ACTIVE LEARNING MODEL
(Fink. 1999: online)

From figure 2, the model suggests that all learning activities involve some kind
of experience or some kind of dialogue. The two main kinds of dialogue are "Dialogue
with Self” and "Dialogue with Others." The two main kinds of experience are
"Observing" and "Doing." (Fink. 1999: online)

There are many science instruction theories and techniques to develop
teaching and learning in science subject.

Researcher reviews techniques of teaching and learning which support active
learning methods and also applied in the curriculum as follows :

Inquiry

Not long ago, many people believed that students’ brains were like empty
vessels waiting to be filled with knowledge imparted by teacher. The understanding of
how peocple learn has changed. Now, Educators and researchers understand that most
people learn best through personal experience and by connecting new information to
what they already believe or know. Listening to a teacher lecture and reading textbooks
aren't enocugh to gain depth of knowledge. Students need to personally construct their
own understanding by posing their own question, designing and conducting
investigations, and analyzing and communicating their finding. Students need to have
opportunities to progress from concrete to abstract ideas, rethink their hypothesis, and

adapt and retry their investigations and problem-solving efforts.



21

Dewey (1966: 219) states that no one expects the young to make original
discoveries of just the same facts and principles as are embodied in the science of
nature and man. But it is not unreasonable to expect that learning may take place under
such conditions that from the standpoint of the learner there is a genuine discovery.
Dewey (1938: 29) expresses the belief that "all genuine education comes through
experience”

Dewey's notion of discovery as a method of acquiring knowledge closely
parallels the inquiry approach. Rakow (1986:14) suggests that perhaps the maost direct
influence on current science teaching was John Dewey. Rakow (1986:14) states that
advocates of the discovery or inquiry approach argue that it makes more sense to teach
students the logical thinking skills to construct knowledge. With these skills, students
are better prepared to acquire new knhowledge.

Rakow (1986: 14 — 15) presents that the discovery approach of Dewey was
rechristened the “inquiry approach™ during the curriculum reform of the 1950s and
1960s. While Dewey focused on all teaching and learning as an inquiry process, the
curricutum reformers also were interested in promoting the inquiry approach as a
method of learning the discipline of science.

Starnes (1999) presents that Dewey’s theories refated to four aspects of
education :

1. the relationships among teachers, learner, the curriculum, and
community;

2. the ways learning occurs;

3. preparing for lives as citizens and individuals; and

4. thinking about what is learned and how.

Dewey (1964: 10) advocates placing the learner at the centre of experiences,
and defined the teacher as the learner's “co-partner and guide in a common
enterprise—the child's education as an independent learner and thinker”

The writers of Benchmarks for Science Literacy stated that People have to
construct their own meaning regardless of how clearly teachers or book tell them thing,
(American Association for the Advancement of Science [AAAS]. 1993: 3 — 9) Many
people know from experience that we learn better when we do something rather than
make any observation for something being done. Inquiry transforms science learning

from watching and listening to doing.

n 232%4Y) .3
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National Research Council {1996; 29 — 30) present in National Science
Education Standards that inquiry into authentic questions generated from student
experiences is the central strategy for teaching science.

In National Science Education Standards, scientific inquiry refers to the diverse
ways in which scientists study the natural world and propose explanations based on the
evidence derived from their work. Inquiry also refers to the activities of students in
which they develop knowledge and understanding of scientific idea, as well as an
understanding of how scientists study the natural world. The instructional methodology
is another component of curricula improved (another is content). A hands-on, inguiry
based-approach was advocated. Students learn best by manipulation of materials and
engagement in inquiries that are interesting and meaningful to them. (National Research
Council. 1996: 31 — 33)

The reformation of science curriculum, as recommend by the National
research council (1996) and support by relevant research studies includes the following
essential components: (a) appropriate content, bases on national goals for science
education and (b) an inquiry-based, active learning instructional methodology. Both of
these curricutum components are considered important for the development of student
achievement and positive attitudes toward science.

Rosebery (1996: online) states that inquiry is a way of being in the world. 1t is
a stance about one's relationship to the world, to people, to one's work, to knowledge.

Hinrichsen and Jarrett (1999: online) conclude the central meaning of scientific

inguiry revolves around two big ideas :
® Inquiry as the essence of scientific enterprise.

® |nquiry as a strategy for teaching and learning science.

Thus, the fundamental nature of science is embedded in inquiry-based
learning. tnquiry can be a very effective mechanism for better understanding the
essence of science, its technical and reasoning processes, and attitudes that
accompany these processes. This is rather like using our brain to study our brain.

From Haury's view, he presents that Inquiry-oriented science instruction has
been characterized in variety of ways. Some have emphasized the active nature of
student involvement, associating inquiry with “hand-on” learning and experiential or

activity-based instruction. Others have linked inquiry with a discovery approach or with
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the development of process skills associated with “the scientific method.” (Haury. 1993:
online)

From a science perspective, inquiry-oriented instruction engages students in
the investigative nature of science. As Novak (1964) suggests sometime ago that
Inquiry is the [set] of behaviors involved in the struggle of human being for reasonable
explanations of phenomena about which they are curious. (Haury. 2003: online ; citing
Novak. 1993) In other words, inquiry involves activity and skill, but the focus is on the
active search for knowledge or understanding to satisfy a curiosity. (Haury. 2003:
online)

From a pedagogical perspective, Haury's view has been shown that inquiry-
oriented teaching is often contrasted with more traditional expository methods and
reflects the constructivist model of learning, often referred to as active learning, so
strongly held among science educators teday. According to constructivist models,
learning is the result of ongoing changes in cur mental frameworks as we attempt to
make meaning out of our experiences. (Osborne; & Freyberg. 1985: 33 — 36). In
science classrooms, where students are encouraged to make meaning, they are
generally involved in “developing and restructuring their knowledge schemes through
experiences with phenomena, through exploratory talk and teacher intervention.” (Driver.
1989: 83 —~ 105) Haury {2003 online) concludes that inquiry-oriented teaching engages
students in investigations to satisfy curiosities, with curiosities being satisfied when
individuals have constructed mental frameworks that adequately explain their
experiences. One implication is that inquiry-oriented teaching begins or at least involves
stimulating curiosity or provoking wonder. There is no authentic investigation or
meaningful learning if there is no inquiring mind seeking an answer, solution,
explanation, or decision.

The essence of the inquiry is to teach students to handle situations which they
encounter when dealing with the physical world by using techniques which are applied
by research scientist. Dettrick {(n.d.) states that inquiry means that teachers design
situations so that pupils are caused to employ procedures research scientists use to
recognize problems, to ask question, to apply investigational procedures, and to provide
consistent descriptions, prediction, and explanations which are compatible with shared
experience of the physical world. Inquiry is used deliberately in the context of

investigation in science and the approach to teaching science. There are a number of
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teaching strategies which can be classified as inquiry. However, the approaches have a
number of common aspects. The rationale for the inquiry approach has strong support
from constructionist psychology. The teacher applies procedures so that :

(a) There is a primary emphasis on a hand-on, problem-centred approach;

(b) The focus lies with learning and applying appropriate investigational or
analytical strategies.

{c} Memorizing the “facts” of science which may arise is not as important
as development of an understanding of the manner or development of scientific
constructs.

Savathanaphaibul {n.d.) suggests that in inquiry learning, once the teacher has
set the problern for the students, it is the latter's task to find the answer themselves.
The teacher can assume two possible roles: the teacher does not give any advice or
help, leaving the students to find the solution on their own. This is similar to the way
scientists work. The second: the teacher explains the students the principles and guides
the students towards the answer but does not actually solve the problem for the
students. Like this, a teacher is no longer someone who tells the students everything
but is someone who gives advice and provides the learning environment in which
maximum learning can take place. There are a number of inquiry techniques are named
according to their own special style such as; Science concept, Cooperative learning.

Besides, Savathanaphaibul (n.d.) suggests that the most important activities of
inquiry are experiment and discussion between teachers and students or among
students themselves. Rakow (1986: 18} suggests that in inquiry approach, students use
hands-on and experimentation to learn about their world.

Rakow (1986: 20) makes a conclusion of three dimensions of inquiry — science
as inquiry, teaching science as a process of inquiry, and learning science as a process
of inquiry- is the notion of discovery. The nature of science itself is a process of
discovery. Teaching science as a process of inquiry requires teachers to set up learning
environment in which students can engage in discovery. Finally, learning as a process
of inquiry involves students in using science process skills to investigate and discover
patterns in the world.

in the term of experimental investigation, {Boud ; et al. 1986) state that it is
used to indicate any laboratory teaching method which allows the student to display

some personal initiative in the performance of the task and aims to develop students’
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abilities in scientific inquiry. They also present two major purposes in using experimental
investigation in undergraduate laboratories that first purpose is to give students an
opportunity to practice various inquiry skills, such as planning and devising an
experimental programme to solve a problem, in a limit context where success, ie solving
the problem, is not an essential requirement. This scheme recognizes that repetitive
practice is required to give competence in any skill development, whether manual or
cognitive. Secondly, it has long been realized that investigational work which involves
individualized problem-solving is highly motivational, especially if the student develops a
sense of ownership for the problem.

National Research Council (1996: 32 — 33) suggests that teachers must be
given the resources and authority to select the most appropriate materials and to make
decisions about when, where, and how to make them accessible. Such decisions
balance safely, proper use, and availability with the need for students to participate
actively in designing experiments, selecting tools and constructing apparatus, all of
which are critical to the development of an understanding of inquiry.

Students in Year — 8 level of Chitralada School are in the age of 12 — 13
years old so they are in key stage 3 {middie level students). SCIENCE a Curriculum
Guide for the Middle Level {(1993: online) states that Middle levels students are
immersed in the world of their peers, their environment, their problems, and their
development. Early adolescents are aware of the reciprocal nature of peer and
community influence. They are curious about things that interest them, capable of
mature thinking, and concerned about the gquality of their lives. They can be emotional,
refuctant to accept authority, and easily bored. Therefore, Middle level science classes
must provide opportunity and guidance for students to discover the science in what is
around them and in what they do. They must see what they study as relevant to
themselves and to their situation. The Middle Level curriculum guide is designed as a
foundation and support for teachers who are trying to encourage such inguiry.

Carin (1993; 86 — 87) argues that starting in middle school and become
increasingly more sophisticated as students progress through the high school, material
are designed to stress inquiry. Inquiry teaching, however, is built on and includes
discovery, because a student must use his discovery capabilities plus many more. In

true inquiry, the individual tends to act more like a maturing adult. An adult behaves in a
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number of ways in order to unravel the hidden relationships relative to a problem. He
originates problems, formulates hypothesis, designed experiments, etc.

To enhance students learning in science, science teachers need to pay
attention to students’ interpretations and provide guidance when necessary. (Bransford.;
et al. 1999: 143 — 177). There is a good deal of evidence that learning is enhanced
when teachers pay attention to the new knowledge and beliefs that learners bring to a
learning task, use this knowledge as a starting point for new instruction, and monitor
students’ changing conceptions as instruction proceeds. For example, the study
comparing seventh-ninth grade urban students with the eleventh and twelfth grade
suburban physics students showed that the younger students, taught by the inquiry-
based approach, had a better grasp of the fundamental principles of physics. (White; &
Frederiksen. 1998: 3)

To promote more in-depth student understanding of science, a number of
researchers and policy groups e.g., Brown& Campione (1994.229-270) argue that
students need to engage in sustained inquiry. Sustained inquiry activities include
formulating authentic, meaningful questions, planning tasks, gathering resource
information, predicting out comes, debating the value of information, evaluating
information, collaborating with others, and reporting finding.(Krajcik. 2003: 411 ~ 414)

Cooperative learning

In Science for Life and Living, students learn about science, technology, and
health by sharing their experiences with others. By working with others, students can
see different points of view and solutions to a problem.,

To answer many questions such as: How can teacher motivate all their
students to learn and to help each other learn? How can they How can they structure
classroom activities so that the students will discuss, debate, and wrestle with idea,
concept, and skills until they thoroughly understand them? How can they harness the
enormous social energy students of all ages bring to class to direct it toward productive
learning activities? How can they organise classrooms in which students care about
each other, take responsibility for each other, and learn to appreciate each other
regardless of ethnicity, performance level, or disability? The answer is cooperative

learning.
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Major approaches that relate to group work in classroom are known by
different labels: cooperative learning (Johnson; & Johnson. 1992: 173 — 180), student
team learning (Slavin. 1996: 3) and collaborative learning. (Ngeow. 1998)

Cooperative learning methods are practical classroom techniques teachers can
use everyday to help students learn any objective, from basic skills to complex problem
solving. In cooperative learning methods, students work in small groups to help each
other learn. The groups have high, average, and low achiever; boy and girl; students of
any ethnic groups in the class; and students with any uisabilities. (Slavin. 1996: 200 —
204)

Cooperative learning refers to a set of instructional methods in which students
work together in small groups to achieve a common goal. A variety of cooperative
learning models have been developed and successfully implemented across age groups
and subject areas.

To meet objectives or complete a task better, students working together must
share a group goal. By structuring the activity so no one can succeed alone or so the
group benefits by the success of each member, students who might not normally care
become interested in each other’s accomplishments. Such positive interdependence
provides the motivaticn and support system for mutual success.

Haller; et al. (2000: 285 — 293) state that Cooperative learning models are
based on the premise that learning is best achieved interactively rather than through a
one-way transmission process. To provide enhanced opportunity for interactive learning,
students are generally encouraged to work in groups both in and out of class. Value is
placed on cooperation and collaboration among students rather than on competitiveness
and individual's learning success or failure is linked with the learning success or failure
of other group members.

Smith (1994) describes cooperative learning as “students are concerned about
each other's learning in addition to their own™ (Roseeetti and Nembhard. 1998: online ;
citing Smith. 1994)

Johnson; Johnson; & Smith (1991: 25) have summarized cooperative learning
is the instructional use of small group so that students work together to maximize their
own and each other’s learning. There is considerable research demonstrating that

cooperative fearning produces higher achievement, more positive relationships among
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students, and healthier psychological adjustment than do competitive or individualistic
experiences.

Johnson; Johnson; & Smith (1991: 18 — 19) have characterized cooperative
learning as having five basic elements.

1. Positive Interdependence: Positive Interdependence refers to the
creation of a learning atmosphere in which the success of the group is dependent upon
the success of every individual in the group. Simply assigning a group task is not
enough. The reward system and the roles of group members must be structured to
foster interdependence. A very simple technique used by Karl Smith is to provide only
one copy of the task to each group. In that way, the group must share the paper and
thus become more dependent on one another.

2. Face-to-Face Promotive Interaction: Face-to-Face Promotive Interaction
tries to engage the student in explanations of their learning process to fellow students.
The idea is to get students to teach each other.

3. Individual Accountability/Personal Responsibility: Individual
Accountability addresses the issue of assessing individual student work within the group
effort. It goes further than individual assessment. Feedback to the entire group of
individual performances is a critical part of individual accountability. An example is to
randomly call on a team member to present the group’s work. This creates the pressure
on the group to ensure that every group member understands the work performed by
the group.

4. Coliaborative Skills : Collaborative Skills refer to the need to teach
students how to function within a group. They should have an understanding of group
dynamics, active listening methods, conflict-management, and other social skills
necessary to function effectively in a group.

Group Processing . Group Processing tries to engage the students in a self-
evaluation exercise. Smith (1994) suggests having students answer the following two
questions : 1) “What is something each member did that was helpful for the group?”
and 2) "What is something each member could do to make the group even better
tomorrow?" (Roseeetti; & Nembhard. 1998: online ; citing Smith. 1994)

Linn; & Burbules (1993: 91 - 119) argue that advocacy of group learning as a
mechanism for knowledge construction oversimplifies important issues concerning the

social structure of group, the goal of individuals in groups, and the diverse nature of
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knowledge construction. They suggest that “Group learning” comprises a number of
quite different activities. Learning requires participants to discuss a task with each other
before completing it. This way of framing the concept stresses the communicative
aspect of group interaction. In the course of this communication, students jointly
negotiate understanding, plan complex tasks, explaining things to each other, direct
activities, contribute ideas, and coordinate actions with one another. They give this
broad definition encompasses several distinct type of group learning, including
cooperative tearning, collaborative learning, and tutored learning. Cooperative learning
involves dividing a task into parts and having each group member complete one of the
parts. In collaborative learning, two or more students jointly work out a single solution to
a problem. Tutored learning occurs when one student helps another gain expertise;
usually, the person doing the tutoring is more expert or uses a method for fostering
learning in the student being tutored. It is, of course, possible to design activities that
combine more than one of these types of group learning. (Linn; & Burbules. 1993)

Roseeetti ; & Nembhard (1998: online) present from their study about active
learning and cooperative learning that the passive model of the typical college lecture
does not work for many students. Instead, active and cooperative learning focuses on
the premise that the students can learn best way doing and working with each other.
Traditionally structured class periods imply that students listen to professor lecture for
about an hour. Cooperative learning can replace some of that lecture time with methods
designed to get students actively involved during the class period.

Reitmeier (2002: 41 — 44) studies some major changes made in an
experimental food course by incorporating active and cooperative fearning techniques
and a student research project. An interactive learning environment for dietetics, food
science, and nutritional science students was designed in Project LEA/RN (Learning
Enhancement Action/ Resource Network) Group activities and 15 minutes lectures
replaced 50 minutes lecture. Quizzes and out of class assignments replaced written
examinations. A group laboratory projects replaced individual reports. He finds that the
average class score was better than the previous semesters and increased interaction

improved students’ abilities to solve problems in food science.
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Constructivism

Mitchell; & Wesolik (2002) presents that educators credit theorist John Dewey,
Lev Vygotsky, Jean Piaget, Jerome Bruner, and Seymore Papert with some of the
fundamental premises of constructivist thinking. The foliowing is a capsulation of each
theorist's viewpoint.

1. Dewey is known for laying the theoretical ground work from many
characteristics found in today's educational system. He is primarily credited with laying
the groundwork for the progressive movement in American education. Dewey's idea
support constructivist models of teaching and learning.

2. Vygotsky's on human development and the social cognitive theory
along with his twin concepts of scaffolding and the zone of proximal development are
important for constructivism.

3. Piaget in internationally known for his complex thecry on cognitive
development in children. Piaget believed that through interaction within their
environment, children are active participants in the construction of their own knowledge.

4. Jerome Bruner, like Piaget, was also interested in children’s stages of
cognitive development but emphazied “l.earning through Discovery.” Bruner felt that
children were more likely to understand and remember concepts they discover in the
course of their learning.

5. Papert, an American student of Piaget has profoundly influenced the
field of educational technology. He felt that students could advance in their intellectual
abilities more quickly with the right kind of environment and assistance. Papert also
believed that chiidren should play a big part in “teaching themselves.”

Both Piaget and Vygotsky held the principles of the learner constructing
knowledge for him/herself and the process being a developmental one. The difference
in the theories lies in the method by which this is achieved. Piaget believed in the
construction of knowledge on an individual level whereas Vygoysky stated the need for
social interactions with others for learning to take place. (Farmery. 2002: 93). Driver et
al. (1993) point that the constructivist theory of learning hence indicates that the role of
the teacher is to provide a range of experiences that encourage discussion, reflection
and cognitive conflict. (Farmery. 2002: 85 — 86 ; citing Driver et al. 1993)

American Association for the Advancement of Science [AAAS] (1990) charges

in Project 2061 that the problem of science and math education in U.S.A. that the
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present curricular in science and mathematics are over stuffed and undernourished.
They emphasize the learning of answers more than the exploration of questions,
memory at the expense of critical thought, bits and pieces of information instead of
understanding in context, recitation over argument, reading in lieu of doing. They fail to
encourage students to work together, to share idea and information freely with each
other, or to use modern instruments to extend their intellectual capabilities.

To solve this problem, Hanly (1894: online) states that one proposed solution
for this probiem is to prepare students to become good adaptive learners. That is,
students should be able to apply what they tearn in school to the various and
unpredictable situations that they might encounter over the course of their work lives.
Obviously, the traditional teacher as information giver, textbook guided classroom has
fail to bring about the desired outcome of producing thinking students. A much-heralded
alternative is to change the focus of the classroom from teacher dominated to student-
centred using a constructivist approach.

Ausubel, Novak; & Henesian (1978: 467 — 468) have argued that the
construction of new knowledge in science is strongly influenced by prior knowledge, that
is, conceptions gained prior to the point of new learning. Learning by construction thus
implies a change in prior knowledge, where change can mean replacement, addition,
modification of extant knowledge.

Constructivism is a very broad conceptual framework in phitosophy and
science and Bruner's theory represents one particular perspective. A major theme in the
theoretical framework of Bruner is that learning is an active process in which learners
construct new ideas or concepts based upon their current/past knowledge. The learner
selects and transforms information, constructs hypotheses, and makes decisions, relying
on a cognitive structure to do so. Cognitive structure provides meaning and organization
to experiences and allows the individual to go beyond the information given. Instructor
should try and encourage students to discover principles by themselves. The instructar
and student should engage in an active dialog. The task of the instructor is to translate
information to be learned into a format appropriate to the learner's current state of
understanding. Curricutum should be crganized in a spirat manner so that the student
continually builds upon what they have already learned.

Bruner (1966: 14) states that a theory of instruction, which must be at the heart

of education psychology, is principally concerned with hoe to arrange environments to
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aptimize learning according to various criteria- to optimize transfer or retrievability of
information. Aside from that, it becomes necessary for the various fields of learning to
assess the manner in which they contribute to the amplification of mind--- the way of
doing or experiencing or ratiocinating that is integral to them and that should be part of
the way of mind of an educated member of the culture.

Teaching and learning in any area of the curriculum, human resources, is
perhaps an important thing to support students’ learning in a subject. (Farmery. 2002:
113) Wood (1998: 32) present that i Bruner's research; children were capable of
intellectual achievements at an eariier stage if supported by adult intervention and the
use of carefully structured environments. This research built on the idea of Piaget
regarding children’'s stages of development. Piaget suggested the notion of readiness
that if a child found an experience too difficult to comprehend then this indicated that
the child was not yet ready to learn. Bruner's model proposes facilitating pupils’
progress through the use of appropriate support materials and intervention, providing
children with scaffolding upon which they can construct increasingly advanced ways of
thinking and understanding the world.

One of the constructivist teaching strategies is the discovery approach.
Dettrick. (n.d.) presents that the discovery approach was first popularized by Jerome
Bruner in a book the process of Education.

In a book, Bruner (1977: 35 — 42) presents as a conseguence of his
involvement with a conference of science educators at woods Hole in USA. The
stimulus for the conference was the perceived failure of the US to heat USSR in the
space race. The USSR won by putting “Sputnik” in orbit first on October 4, 1957. The
concept behind the discovery approach is that the motivation of pupils to learn science
will be increased if they experience the feelings scientist obtains from “discovery”
scientific knowledge. Further, the idea was supported by the notion that pupils would
learn about the nature of science and the formation of scientific knowledge through the
process of discovery.”

Constructivism is an epistemology, a learning or meaning-making theory, which
offers an explanation of the nature of knowledge and how human beings learn. It
maintains that individuals create or construct their own new understanding or knowledge
through the interaction of what they already know and believe and the ideas, events,
and activities with which they come in contact. {Cannella; & Reiff, 1994; Richardson.

1997: 27 - 38) Learning activities in constructivist setting are characterized by active
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engagement, inquiry, problem solving, and collaboration with others. Rather than a
dispenser of knowledge, the teacher is a guide, facilitator, and co-explorer who
encourage learners to question, challenge, and formulate their own ideas, opinions, and
conclusions. “Correct answers and single interpretations are de-emphasized. (Abdal-
Haqq. 1998: online)

Now, there are commonly accepted attributes of constructivism, there are also
different interpretations of it.

In general, two broad interpretations can be found among contemporary
educators: Richardson (1997: 3 — 14); & Vadeboncoeur (1997: 15 — 37)

- Psychological constructivism, most notably articulated by Piaget
{Piagetian constructivist): This approach assumes that students comes to classroom
with ideas, beliefs, and opinions that need to be altered or modified by a teacher who
facilitates this alteration by devising tasks and questions that create dilemmas for
students. Knowledge construction occurs as a result of working through these
dilemmas. Characteristic instructional practices include “discovery learning™ and hands-
on activities, such as using manipulative; student tasks that challenge existing concepts
and thinking process; and questioning techniques that probe students’ beliefs and
encourage examination and testing of those beliefs.

- Social constructivism, associated with Vygotsky (Vygotskian
constructivism) : It is emphasizes education for social transformationand reflects a
theory of human development that situates the individual within a sociocultural context.
Individual development derives from social interactions within which cultural meanings
are shared by the group and eventually internalized by the individual,

Davydov (1993: 12 — 21) interprets the Vygotskian constructivism approach to
teaching and learning as a partnership between teacher and child; where the teacher’s
role is to guide, direct and encourage the child’s learning. Learning in practice shouid
therefore be neither didactic nor purely discovery learning by the child. It should offer
opportunities to experiment with, and try out, feelings and behaviour in an attempt to
make sense of them.

ICT (Information Communication Technology)

It's now widely accepted that information communication technology (ICT) has
an important part to play in'enriching Science and Technology education and also in our

private life. Scaife and Wellington (1993: 31 — 32) suggest the way of using ICT in
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practice in “Information Technology in Science and Technology Education™ that
Computer is the CAL (Computer-assisted learning) and will be able to use in many
ways such as Simulations, Modelling, Databases, Data-logging, Interactive video, Word-
processing and desk-top publishing, Spreadsheets and Computers in technology
laboratories.

ICT equipment, including computers, calculators, video, tape recorders, etc,
and the technology itself has thus greatly improved. The Internet is now regarded as a
key to providing both teachers and children with a considerable source of information to
support science teaching and learning. (Farmery. 2002: 124)

Moreover; & Farmery (2002 124 — 126) suggests that audiovisual materials
and equipment are also resources that come under the umbrella term of ICT and the
ICT itself may be considered under two distinct headings- ICT as a teaching resource
and ICT as a learning resource- i.e., it is use by teachers to provide teaching materials
and by student to enhance their learning.

The use of ICT can enrich and extend learning in the science curriculum, at
the same time aiding children to acquire the confidence to use the technology. ICT can
be a particularly valuable resource when teaching science to pupils with special
educational needs. (Farmery. 2002: 125 - 126)

Computer use by any science teacher is a function of his or her computer
experience and expertise, availability of hardware and software, and perceived need.
Morse {1991: online) stated that excellent science course may be taught without the use
of a computer. However, the careful incorporation of computers into a science course
can and does add an important fevel of enhancement. He presents that the importance
of using computers in science class may not be limited to the ability of computer
assisted instruction (CAl) to improve learning. Rather, computer use adds another
dimension to the teacher's repertoire of strategies, which may improve overall learning.
Another important reason to include student computer use in a science course is that
most (if not all} students, especially those planning a career in science, will be required
to be computer literate. As students interact with computers in a variety of ways within
their courses, their degree of computer awareness and literacy will in crease.

Studies do indicates that computer use in science education can improve
learning and positive influence students’ attitudes and self-esteem. Higher achievement

and more positive attitudes were observed in a high school biology course that was
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“computer-loaded.” (Hounshell; & Hill. 1989: 543 — 549 ) Specialized computer
programs were found to help develop inquiry skills while also increasing scientific
knowledge even when strong “misconceptions” were present at the start. (Shute; &
Bonar. 1986: 19} Scientific reasoning skills were found to be enhanced using a
microcomputer-based curriculum. {Friedler; Nachmias; & Songer. 1989: 272 — 284)
More than one study found that computer use by students enhanced their self-esteem.
(Robertson; et al. 1987: 314 — 316)

To use ICT for enrich science and technology education we nave to justify the
use of ICT. Scaife and Wellington (1993: 31 — 32) state the justifications of using ICT
are two categories- educational justifications and vocational justifications. The question
of educational justifications, “Can the use of ICT be justified on Educational grounds?”

To develop the sustained inquiry that will be engaged by students, some
activities should be consider to apply for teaching and learning strategies such as
formulating authentic, meaningful questions, planning tasks, gathering resource
information, predicting out comes, debating the value of information, evaluating
information, collaborating with others, and reporting finding. (Krajcik. 2003: 411 — 414)
To support students in these types of activities, Bransford, Brown & Cocking (1999: 30
— 32) argue that students need a full compliment of technology tools designed to meet
the unique needs of learner.

In the umbrella of ICT, Computer-based technology tools will be able to
change what we do in science classroom. Salomon, Perkins; & Tamer (1991) present
that New computer-based technology tools can extent learning by helping students
perform cognitive tasks that otherwise might be too complex or difficult without the tools.
(Krajcik. 2003: 411 - 414 ; citing Salomon; Perkins; & Tamer. 1991) In science
classrooms, a wide variety of technology tools can support students in learning and in
performing inquiry. For instance, students can access and share data through the World
Wide Web, probes attached to microcomputers can gather data during investigations
that otherwise might be too difficult or time intensive, graphing packages allow students
to visualise data in different ways, and muitimedia development tocls allow learners to

create linked-multiple representations to express their ideas. (Krajcik. 2003: 411 - 414)
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3. Science out of Classroom, Community Resources
Science is composed of 3 compositions. There are science knowledge,
scientific process, and scientific attitudes. Carin (1993: 6) presents the relationship of

science and science community resource as figure 2
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FIGURE 3 RELATIONSHIPS OF NEW INVESTIGATION OF PHENOMENA IN
NATURE, SCIENTIFIC PROCESSES, SCIENTIFIC ATTITUDES AND SCIENCE
PRODUCTS

{Carin. 1993: 6)

According to Carin’ s idea phenomena in nature are important for teaching and
learning science students will be able to investigate phencomena in nature by using

scientific process and developing their attitudes.
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Carin (1993: 5 — 9) suggests that a scientist inquires, learns, and is curious
about the world around him. In the process, he continually improves his investigative
skills. If children are to understand science and become good problem solvers, they
must have years experience in investigating their environment. Teacher, therefore, need
to provide opportunities for children to be involved in experiences where they will learn
how to investigate and discover scientific concepts and principles.

An important aspect of science content to be considered for inclusion within
any curricula is the relevancy oi the information to the personal lives of students. Some
curricula have attempted to place science in real-world context by linking it with
environmental and societal issues. When science content has been extended to
applications in the real world, public awareness and enthusiasm for science have been
evident. (Ramey-Gassert, Walberg; & Walberg. 1994: 345 - 363)

The aim of science activities is to help students understand the world around
them, and so getting out into the world has an important part to play. This is not to deny
that the classroom and school and all that is in them are part of the student’'s
environment, but this is a selected and contrclled part and to make connections
between students’ activities in school and the larger environment it is necessary
regularly to observe and interact with parts of it at the first hand.

There are good practical reasons for taking student out of school. As Harten
(2000: 227) states that visit are highly motivating to children, who bring back to school
many vivid impressions which sustain follow-up work and often persist over several
weeks.

The preparation of visiting must involved an initial survey of possibilities,
having in mind the characteristics of student who will be visiting. Harlen (2000: 228)
suggests that Ten to 12 years old are capable of concentrating on a particular question
and can use the visit to gather evidence systematically, for example, about the different
communities and plants and animals to be found in different habitats.

Community Resources: There are many Thai words use as the meaning of
community resources depends on topic of talking or writing.

Almost of the population in Thailand believe in system of education so that
they try to reform education and extend the frame of learning to learn out of the school.
One important strategy that school should provide resources for student is to arrange n

instructional method by using community resources and natural environment as a
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source of learning. Community resources are important as a school Amornvivat (2001:
1 - 3), IPST (2003: 2)

Kellough; & Kellough (2003: 327) state that one of the richest for learning is
the local community and the people and places in it. They also suggest that in the
scheool may already have a community resource file available for teacher to use.
However, it may need updating. A community resource file should contain information
about (a) possible field trip locations, (b) community resource people who could serve
as guest speaker or mentors, and (c) local agencies that can provide information and
instruction materials.

Experiences of taking students on field trip or using other community
resources in their class are thought to be frills and rewards that compete with
instructional time in classroom. SEDL (1996: online) states that Curriculum reform in
science and mathematics calls for a new look at using community resources.

The use of community resource provides a share memory for the class. For
example, going on a field trip is only part of a total experience. As students and
teachers talk about the trip and think about it after is over, they are building shared
understanding. (SEDL. 1996: online})

Environments for learning science are very important. In National science
Educational Standards, Teaching Standard D, it is presented that the classroom is a
limited environment. The school science programme must extend beyond the walls of
the school to the resources of the community. The physical environment in and around
the school can be used as a living lab-oratory for the study of natural phenomena.
Whether the school is located in a densely populated urban area, a sprawling suburb, a
small town, or a rural area, the environment can and should be used as a resource for
science study. Working with others in their school and with the community, teachers
build these resources into their work with students. (National Research Councils. 1996)

From the standards, it is shown that good programs require access to the
world beyond classroom so that students will see the relevance and usefulness of
science in and out of school. SEDL (1996: online) states that changing the educational
experiences of children by moving beyond the classroom walls can diversify the array of
learning opportunities and connect school lessons with dairy life and real problems.

Using visits to sites outside the school can introduce students to experiences

they could not have inside the classroom. Outside visits can make a significant
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contribution to the development of student’s scientific knowledge and understanding and
can offer an insight into the use of science outside the classroom. Such visits therefore
can offer opportunities for community interactions and for linking school science work
with the wider world. {Farmery. 2002: 110 - 115)

Jakubowski (2003: 24 — 33) suggests that cultivating pedagogy of experience
can be facilitated through the use of a critically responsive approach to teaching and
learning that is grounded in experience, critical thinking, reflection and action.
Classroom and community can come together in a way that invites students to engage
in meaningful, active forms of learning about diversity. Building a service-learning
component into one’s pedagogy makes for a more meaningful teaching and learning
process. It encourages instructors to recognize student knowledge and experience as a
valuable element of educational process.

Henderson; Fisher; & Fraser (2000: 26 — 43) investigate associations between
students’ perceptions of their biology teachers’ interpersonal behavior and their
laboratory learning environments and their attitudinal, achievement, and performance
outcomes. A sampie of 489 students from 28 senior biology classes in eight schools in
Tasmania, Australia completed the Questionnaire on Teacher Interaction (QTI) and the
Science Laboratory Environment Inventory (SLEI). Response to two attitude
questionnaires, achievement on an external written examination, and performance in
laboratory practical tests were used as student cutcomes measures. Statistical analyses
supported the reliability and validity of the QT! and the SLEI when used with senior
secondary biology students. Researchers investigated associations between students’
perceptions of teacher behavior and their laboratory learning environment with student
outcomes, including the unique and common contributions Oof the QTl and SLEI to
variance in student outcomes. Associations with students’ perceptions on the learning
environment were stronger for the attitudinal outcomes than for the cognitive or practical
skills outcomes.

Bouillion; & Gomez (2001: 878 — 898) explore a form of “connected sciences,”
in which real world problems and school community partnerships are used as contextual
scaffolds for bridging students' community-based knowiedge and school-based
knowledge, as a way to provide all students opportunities for meaningful and
intellectually challenging science learning. The potential of these scaffolds for

connected science is examined through a case study in which a team of fifth-grade
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teachers used the student-identified problem of pollution along a nearby river as an
interdisciplinary anchor for teaching science, math, language arts, and civics. Their
analysis makes visible how a diverse form of knowledge were able to support project
activities, examines the consequences for student learning, and identifies the features of
real-world problems and school-community partnerships that created these bridging
opportunities.

Field trips :

Historically, Aristotle and Socrates incorporated travel as a value part of there
teaching. (Kreppel, & Duvall. 1981: 8). It was considered that travel is the way to
experience real situation and draw out knowledge. The educational “excursion” was
founded on “the belief that every child is a stranger in the world; thus, it is the function
of education to introduce the child to human and material surrounding” (Kreppel; &
Duvall. 1981: 8)

Harvey (1951) suggests that A fieldtrip can introduce a unit of instructionto
create interest in a subject or topic; (Ruddmann. 1994; citing Harvey. 1851} or it can
be used as the main body of the instructional unit, a tool to enhance and motivate
learning concepts. (Crion; & Hofstein. 1991: 513 — 523) Field trips can create relevancy
to science classroom learning when connected to the outside world. (Kreppel; & Duvall.
1981: 9)

The excursion expanded through every educational area and evolved to the
current term “field trips” (Ruddmann. 1994: 138 — 141)

Kreppel; & Duvall (1981: 8 — 9} define the definition of field trip that field trips
is a trip arranged by the school and undertaken for educational purposes, in which the
students go to places where the materials of instruction may be observed and studied
directly in their functional setting: for example, a trip to a factory, a city water works, a
library, a museum etc.

Science teachers are in general willing to use field trips as part of their
pedagogy because they feel that their students need hands-on, real life experience or to
examine applications of science which augment their classroom studies. (Michie. 1998:
43 — 50)

Dewey (1981) once wrote that “Education is life,” that what student learn and
the way they learn it should be rooted in scciety and social experience. (Scarce. 1997:

219 - 229 ; citing Dewey. 1981) ; Scarce (1997: 219 — 226) states that field trips may
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best be seen as an example of short-term experiential education.

Scarce (1997: 219 - 226) suggests that Field trips deserve more attention
from sociologists. Many instructors eagerly embrace technological tools, including
electronic media of all kinds that promise to bring the world to their students. In the
process, however, students are merely exposed to a mediated portrayal of society/
societies and social issues. Field trips offer the sort of enriching experiences that
Dewey recognized as so central to successful educational endeavors because they are
experiences, lived social events that become ways of knowing. He concludes that the
world merely represented by videos, computer software, and CD-ROMs- and for the
matter, text books and lectures-is nevertheless out there and available for teachers and
students to explore and to construct together. If conceived with imagination and planned
with attention to detail, field trips can be among the most intensive, in-depth, integrative,
and rewarding of educational experiences for students and instructors alike.

In the study of "Memorable Experiences of a Science Field trip”, Knapp
(2000:65-71) finds that science field trip can produce events that the student will
remember long after the program is completed. The classroom teacher could enhance
the quality of this information and prevent “decay” or “interference” of these memories
through repetitive classroom exercises following the program. It would, therefore, be
prudent to associate the subject matter presented during the field trip with the science
curriculum employed in the classroom. This connection will increase the likelihood of
long-term retention of the subject matter and place the science field trip as 2 much
more important tool for accomplishing classroom objectives. Moreover, research has
shown that participants of programs of field trip have initially gained knowledge and
improved attitudes.

Virtual field trips:

Despite research confirming enhanced learning, relatively few teachers take
students on field trips. Krepel & Duvall (1981: 2 — 4) report that only 10 percent of
teachers surveyed conduct field trips in given school year. Reason teachers give for not
taking field trips include a schedule which is already too full, too many pupils in class,
lack of time for planning, problem with liability, lack of transportation, lack of funding,
lack of resource people for assistance.

New technology can help decrease problems above by using virtual field trips.

Cox-Petersen (2001: 18 — 20) suggests that virtual field trips are one way to help
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students can “visit” places without leaving the classroom.

ICT, especially virtual material can be used in teaching and learning for young
children from 3 — 11 ages. (Farmery. 2002: 124 — 125)

Farmery (2002: 125 - 131) reports that Virtual material in particular can
provide a rich and vivid insight into scientific theories and so children must be
encourage to question what they see and hear.

For the advantages of virtual field trips, Tuthill and Klemm (2002: 453 — 468)
suggest that teacher may choose to create their own virtual field trips by visiting local
site, such as industrial facility or a natural environment, taking their own images, and
then adding their own informative captions. Reasonably priced digital cameras and
readily available, easy to use web-authoring software offer the average classroom
teacher a way to create virtual field trips to sites in their focal community and to tailor
their virtual field trips to fit his/her students’ need. The content can be matched to the
actual curriculum, and the language level adjusted to accommodate abilities of students
in a class.

With the advent of instruction technology {e.g. Internet and distance learning),
virtual field trip reduce or eliminate the logistics associated with the arranging physical
field trips such as transportation, permission slips, fees, and chaperones. Mitchell and
Wesolik (2002) presents that as there is typically no commute involved with a virtual
field trip, virtual field trips enable the learner to have access to and experience a wider
range and variety of instructional content than those typically provided for in physical
fieldtrip. They suggest methodologies that will them to extend student’s learning after
experiencing a virtual field. In the process, teachers will provide their students with
interactive learning experience that will enable them to construct new knowledge, touch
upon all students’ specific learning modalities, and enrich their learning in a
developmentally appropriate manner.

Novakova (2003: online) states in the research “Impact of New media For the
Increase of the Level of Technology Education” that new media a great break in the
modern concept of teaching process in general as well as in technology education
especially with regard to its content. Gradual equipment of our upper secondary schools
and high technical schools with computer technique with access to internet, with the use
of educational CD ROM, Video-cassettes and other modern media in instruction as well

as in free activities oriented o technology particularly increase the source of
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information not only for the teachers but also for the students, these particularly
contribute to the concretization of subject matter of the curricula, support the
development of creative abilities, independent thinking and problem solving of
technology subject for the students, support the development of positive attitude to the
studied field, increase objective approach to the instruction, enable the teachers to
apply creative teaching strategies, problem instruction connected with work in groups,
etc.

The present resuits of the research in this sphere state that the implementation
of new media in upper secondary school and high technical school particularly
contribute to the increase of students activity in instruction, deepens their interest in
technology education due to the reason that information on internet are up-dated, they
develop their abiiity to independently approach to problem solving. The new media from
general aspect enable them to acquire skills during work with computer technique which
is one of the basic qualification preconditions for successful taking up of a job in
modern society of the :21St century, for the continuation in studies at universities as well

as for life-long learning.

4. The Royal Chitralada Projects

The Royal Chitratada Projects are located in the area of Chitralada Palace, the
resident of His majesty King Bhumibol Adulyadej of The Kingdom of Thailand. His
Majesty the King concerns of his people welfare life and he want to help his people.

Thailand is an agriculturai country. The mainly of people are farmer. His
majesty the King determinates to develop agriculture and processing enterprises so as
to improve his people’s wellbeing.

Regional Office for Asia and Pacific (RAP) Food and Agriculture Oranization of
the United Nations Bangkok, (1995) divides The Royal Chitralada Projects in 7 groups
as follow :

1. Crops and crop Processing
Dairy Industry
Fishery
Forestry

Research and Development

> o s e N

Laboratory Experiments
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7. Other Projects
According to this research, researcher chooses “Dairy Industry” and applies as

community resources for an extra science curriculum for MS 2 students (Year — 8).

5. Milk and milk product

Milk

There are many experienced people in milk and dairy processing. For
example, they gave the explanation on milk as follows :

Tungcharearnchai; & Kavila (1988: 44) state that milk is a pure liquid from
udders of a healthy cow without Colostrum and contain Lipid not lower than 3.25% and
milk solids-non — fat not lower than 8.25%

Chaisrisongklam (n.d.) states the meaning of milk that milk is a substance
which secretes from mammary glands of mammals.

Walstra; et al. (1999: 188) states that Milk is a raw material for the
manufacture of several food products. These products are predominantly made in dairy
factories. Their mode of operation is dominated by the properties of the raw material.

Ruegg (2001: online) presents that high quality milk should be white in
appearance, have no objectionable odours and be free of abnormal substances such as
pesticides, added water or antibiotic & antiseptic residues. She presents that in most
developed dairy countries milk quality is defined by the somatic cell count(SCC) and the
bacteria count (“standard plate count” or SCC) in pre-pasteurized bulk tank mitk.

From “The Introduction to Dairy Science and Technology : Milk History,
Consumption, Production, and Composition” Dairy science and technology: University of
Guelph stated that milk is as ancient as mankind itself, as it is the substance created to
feed the mammalian infant. All species of mammals, from man to whales, produce milk
for this purpose. Many centuries ago, perhaps as early as 6000-8000 BC, ancient man
learned to domesticate species of animals for the provision of milk to be consumed by
them. These included cows {(genus Bos), buffaloes, sheep, goats, and camels, all of
which are still used in various parts of the world for the production of milk for human

consumption.
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Milk Products

Milk has high water content and is unstable, and a number of processes have
been developed to reduce the water content and to make the product more stahle.
Scuthgate (2000: 166) presented on milk products as follows :

Dried milks : Dried milks were originally produced by roller-drying where the
milk passed in thin film over heated rollers. This was a rather rigorous treatment and
produced flavour changes and substantial losses of vitamins. It also produced changes
in colour due to the formation of Maillard reaction products between the protein and the
lactose, which are associated with reductions in the biological value of the proteins.
Roller-drying has been largely replaced by spray-drying, where a thin spray of milk is
passed into a heated chamber. This is a milder treatment that can be more closely
controlled and therefore leads to less nutritional and sensory damage.

Cream : The separated milk fat is used to produce a range of different type of
cream, varying principally in the fat content but also in the methods used in their
production which modify their physical properties. Single cream contains about 18% fat
and is usually pasteurized. Double cream contains 48% fat, whereas whipping cream
has a lower fat content (39%). Both of these products may also be pasteurized without
affecting their capacity to form foams. Clotted creams are produced by scalding milk in
heated pans; this produces a very efficient separation of fat and the clotted creams
contain 60% of fat. Some creams are given ultra-heat treatment to produce a long-life
variety. The cream contains the residual non-fat portion of the milk and this contains the
water-soluble nutrients in milk, in the same proportions.

Cheeses : Cheese-making from milk was one of the earliest ways of
converting a liquid unstable product into a concentrated food that could be stored.
There are a very large number of different types of cheese which vary because of
differences in the treatment of the starting material and in the way the cheese curd is

subsequently treated and matured and many reasons.

6. Dairy Processing
Dairy processing occurs world-wide; however the structure of the industry
varies from country to country. The milk processes taking place at a typical milk plant

include : (COWI Consulting Engineers and Planners, Denmark: online)

¢ Receipt and filtration/clarification of the raw milk;
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4 Separation of all or part of the milk fat(for standardisation of market
milk, production of cream and butter and other fat-based products, and production of
milk powder)

4 Pasteurization;

4 Homogenisation (if required);

¢ Deodorisation( if required);

¢ Further product-specific processing;

4 Packaging and storage, including cold storage for perishable products;

4 Distribution of final products
Heat treatment
Walstra; et al. (1999: 189) state that the manufacture of virtually all milk and
dairy products involves heat treatment. Such treatment is mainly aimed at killing of
micro organisms and inactivation of enzyme, or to achieving some other, mainly
chemical changes. The results greatly depend on the intensity of the treatment, i.e. the
combination of temperature and duration of heating. (Walstra; et al. 1989: 189)
Walstra; et al. (1999: 383) present about milk for liquid consumption that liguid
miltk can be delivered to the consumer after various heat treatment. The properties of
liquid that require the most attention are safety to the consumer, shelf life and flavour.
This milk has a very long storage life when packed aseptically in packs that exclude
oxygen. (Southgate. 2000: 166)
They also presented about pasteurized and sterilized milk as follow :
Pasteurized milk must be safe for the consumer and have a shelf life of
several days when kept refrigerated. Flavour, nutritive value, and other properties
should deviate only slightly from those of fresh raw milk. Tungcharearnchai and Kaviia
(1988: 85 ~ 86 ) stated that pasteurization is the most important process for milk

products to eliminate pathogenic bacteria in raw milk.

7. Milk Quality Control

Quality control in dairy products is important for improving milk quality and
dairy products. For quality control to be efficient, laboratory technicians need to be
properly qualified and must possess the necessary expertise, Laboratory technician.

In addition laboratory equipment must also be sufficient and up to date.
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Some organizations which are experts in this area are : (Chaisrisongklam.
n.d.)
1. Central milk Laboratory, a government organization.
2. Regiona! milk laboratory, often work in conjunction with Regionat
Veterinary Laboratory.
3. Milk collection centre Laboratory, as found in The Royal Chitralada
Projects.
He presents quality tests as follows;
Platform Quality Test
This is a milk quality test conducted at the delivery point such as a milk
collection centre, and a dairy product processing factory. When the dairy representative
arrives at the delivery point, their milk has to go through a basic quality check by using
the following method :
1. Organoleptic tests to check for taste, odour, consistency and colour, all
of which are perceptible to the human senses.
2. Temperature Test, the temperature should not be higher than 18°C
3. Specific gravity Test by using Hydrometer to measure the milk’s density
and solids. The fat content should also be determined at the same time.
Routine Test
In the laboratory, the tests are more detailed and there are 3 groups of tests :
1. Bacteria counting by counting colonies.
2. Specific bacteria search such as Coliform, Thermeoduric bacteria.
3. To measure Reductive activity such as the Methylene Blue test
These three tests all serve the same purpose of checking the quality of the
milk for grading and for determining what the milk could be used for.
Methylene Blue Test
The Methylene Blue test is one of the tests in the third group. It is the most
popular method for measuring reductive for due to its simple procedure. Lab Methylene
Blue is an indicator. The time it takes for the colour to fade indicates the degree of
microbial activity and the number of micro organisms. If there is a lot of microbial
activity and a lot of micro arganisms, the blue colour of the Methylene Blue wilt fade
quickly. Vice versa if there are few micro organisms and little microbial activity, the color

will fade slowly. (Anekavieng. 1986: 87 — 88 ; & Tungcharearnchai. 1995: 94 - 95)
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During a Methylene Blue Test if it takes more than five and a half hours for the
milk to change colour, the quality of the milk is good. If it takes less time, the quality is
inferior. {Chaisrisongklam. n.d.)

Milk quality control is the use of approved tests to ensure the application of
approved practices, standards and regulations concerning the milk and milk products.
The tests are designed to ensure that milk products meet accepted standards for
chemica! composition and purity as well as levels of different micro-organisms. (Ministry

of Agriculture, Livestock Development and Marketing Republic of Kenya. n.d.)

8. science achievement

The intended learning outcomes of science curricula should be aligned with
the geals of science competency and science literacy, science achievement and
positive attitudes toward science as learning outcomes for science curricula have been
considered. (National Research Council. 1996: 75 — 76 ) The National Research
Council (1996: 91) emphasizes the importance of appropriate selection of content and
teaching strategies for implementing science in the classroom to address concerns
pertaining to science achievement.

Within the science class room talking is a central to the teaching and learning
process. Talk is highly organized even if it does sound like noise. Different sorts of talk,
invelving different people, are used for different purposes. Teachers explain, give
instructions, use talk to manage the lesson and the students, promote discussion and
learning. Students talk to each other as well as the teacher. Talking particularly
discussing, debating and sharing ideas, helps to make science more human and
interesting to students, and widens its appeal to those who might otherwise see science
as being to impersonal. Teachers are under pressure to get through the curriculum and
talking take time. But for effective learning to take place, students need to be given a
chance to really talk about their ideas.

There are many things, teachers should realize one is that as Bruner (1966: 5)
suggests, the intellectual of the child is no clockwork sequence of events; it also
responds to influences from the environment, notably the school environment.  Thus
instruction in scientific ideas, even at the elementary level, need not follow slavishly the
natural course of cognitive development in the child. It can also lead intellectual

development by providing challenging but usable opportunities for the child to forge



49

ahead in his development. Experience has shown that it is worth the effort to provide
the growing child with problems that tempt him into next stage of development. (Bruner.
1966: 5)

Questions are an important part of classroom talk, and students’ questions
play an extremely important role in developing their understanding of science.
Questions and the search for answers are central to science itself.

Besides, Questions are used as a tool for assessing students understanding of
science. To assess science achievement, questions are important in the role of
questioning how students understand science. Assessment is the purpose of questions.
Assessment is not simply concerned with testing the recall of knowledge, or what
students can remember from the previous lesson. More importantly, questions can be
used to find out what ideas and understanding students have in relation to the science
topic being taught.

To measure science achievement, questions is important and should related to
their level of cognitive demand.

Amos (2002: 8 — 9) concludes that Bloom questions in Bloom's taxonomy of
education objectives and questions can be put in two broad groups- lower order
guestions and higher order question. Recall, Comprehension, Application are Lower
order question and Analysis, Synthesis and Evaluation are higher order questions.

Bloom’s Cognitive Taxonomy is a system of classification that identifies 6
levels of complexity of thoughts. The levels are knowledge, comprehension, application,
analysis, synthesis, evailuation. (Bloom; et al. 1956: 3 — 5)

The six competences and skills are demonstrated as follows; (Bioom’s
Taxonomy. 1956: online)

Knowledge :

- observation and recall of information
- knowledge of dates, events, places

- knowledge of major ideas

mastery of subject matter

Question Cues: list, define, tell, describe, identify, show, label, collect,

examine, tabulate, quote, name, who, when, where, etc.



Comprehension :

understanding information

grasp meaning

translate knowledge into new context
interpret facts, compare, contrast
order, group, infer causes

predict consequences

Question Cues: summarize, describe, interpret, contrast, predict,

associate, distinguish, estimate, differentiate, discuss, extend

Application :

use information
use methods, concepts, theories in new situations
solve problems using required skills or knowledge

Questions Cues: apply, demonstrate, calculate, complete, illustrate,

show, solve, examine, modify, relate, change, classify, experiment, discover

Analysis :

1

seeing patterns

Organization of parts
Recognition of hidden meanings
|dentification of components

Question Cues: analyze, separate, order, explain, connect, classify,

arrange, divide, compare, select, expiain, infer

Synthesis :

use old ideas to create new cnes
generalize from given facts
relate knowledge from several areas

predict, draw conclusions
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- Question Cues: combine, integrate, modify, rearrange, substitute, plan,

create, design, invent, what it? , compose, formulate, prepare, generalize, rewrite

Evaluation :

compare and discriminate between ideas

- assess value of theories, presentations

make choices based on reasoned argument
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- verify value of evidence
- recognize subjectivity
- Question Cues assess, decide, rank, grade, test, measure, recommend,

convince, select, judge, explain, discriminate, support, conclude, compare, summarize

9. Science process skills
Jink (1997: online} makes a conclusion of the science processes from
Commission of Science education of AAAS. (American Association for the Advancement
of science.) There are 13 skills divided into 2 groups. As follows ;
1. The Basic Process skills: There are 8 skills.

1.1 Observation : This is the most fundamental of all of the processes.
Observation may he defined as the gathering of information through the use of any one,
or combination of the five basic senses; sight, hearing, touch, taste, and smell.

1.2 Measurement : This process is an observation made more specific
by comparing some attribute of a system to a standard of reference. An example is
when the length of an object is expressed in terms of the length of a meter or when the
mass of an object is expressed by referring to a standard such as a gram.
Measurement and observation are the only process skills that are actually two forms of
the same thing.

1.3 Quantification : Quantification refers to the process of using
numbers to express observations rather than relying only on qualitative descriptions.

1.4 Classification : Classification is the process of grouping objects on
the basis of observable traits. Objects that share a given characteristic can be said to
belong to the same set. The process is somewhat arbitrary depending upon the
identifying trait selected.

1.5 Communication : This process actually refers to a group of skills,
all of which represent some form of systematic reporting of data. The most common
examples include data display tables, charts and graphs. The process is conceptually
fairly simple and is frequently based upon some type of two or three dimensional matrix
with the axes representing the system variables and the cells of the matrix representing

the interactions.
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1.6 Relationships : The process skill of retationships deals with the
interaction of variables. This interaction can be thought of as a kind of influence--
counter influence occurring among a system's variables.

1.7 Inferring : Inferring is an inventive process in which an assumption
of cause is generated to explain an observed event. This is a very common function
and is influenced by culture and personal theories of nature.

1.8 Predicting : This process deals with projecting events based upon
a body of information. One might project in a future tense, a sort of trend analysis, or
one might fook for an historical precedent to a current circumstance. In either case, the
prediction emerges for a data base rather than being just a guess. A guess is not a
prediction. By definition, predictions must also be testable. This means that predictions
are accepted or rejected based upon observed criteria. If they are not testable they are
not predictions.

2. The Integrated Process Skills. There are 5 skills.

2.1 Operational definitions : An operational definition is one that is
made in measurable or observable terms. An aperational definition should not require
interpretation of meaning nor is it relative. The meaning of the defined term must be
explicit and limited to the parameters established for the definition.

2.2 Controlling variables : This process is also a kind of group process
because one may engage in several different behaviours in an attempt to control
variables. In general, this skill is any attempt to isolate a single influent of a system so
that it's role can be inferred. The process is an attempt to achieve a circumstance or
condition in which the impact of one variable is clearly exposed. The use of
experimental and control circumstances, standardizing procedures and repeated
measures are only a few of the ways in which variables might be controlled.

2.3 Hypothesising : Hypothesising is, again, an intrinsic and creative
mental process rather than a more straight forward and obvious behaviour.
Conseqguently, developing this ability is probably less a product of linear training but
more a function of intuitive thinking that emerges from experience.

2.4 Interpreting data : This process refers to the intrinsic ability to
recognize patterns and associations within bodies of data. Obviously there is a direct
contribution of the previous process, communication, to interpreting data. The better the

data is represented the more likely one will detect associations within the data.
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2.5 Experimenting : This process is a systematic approach to solving
a problem. Usually experimenting is synonymous with the algorithm called scientific

method which follows these five basic steps in figure 4 :

PROBLEM ™ HYPOTHESIS [™ PREDICTIONS g TEST OF > EVALUUATION
PREDICTIONS OF
HYPOTHESIS

FIGURE 4 STEPS OF EXPERIMENTATION

In experimentation each step emerges from the previcus one. The purpose of
the process is to judge the extent to which a hypothesis might be true and to set a
standard whereby that judgement is made. Consequently, scientists tend to think in
terms of probabilities of truth rather than absolute correctness.

Harlen (2000: 73 — 77) explains that in order to build understanding at any
level it is important for learner to be able to :

- Raise guestions that can be answered by investigation

- Develop hypotheses about how events and relationships can be
explained.

- Make predicticns based on the hypotheses

- Gather relevant evidence to test the prediction: planning

- Gather relevant evidence to test the prediction: observing

- Interpret evidence and draw valid conclusions

- Communicate and reflect on procedures and conclusions

These things involve processing ideas and information and so they are
describe as “process skills.”

Harlen (2000: 80) also suggests that the ability to use scientific skills is the
willingness to use them. This means willingness to question preconceived ideas in order
to test them, to regard ideas as tentative, to change them in the light of evidence. It is
important also to add a moral value of sensitivity for the environment, both natural and

made, in the course of investigating it.
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10. scientific attitudes and Attitude towards science

Scientific attitudes or attitudes towards science are one of the learning
outcomes for science curricular. (Parker; & Gerber. 2000: 236 — 242)

When science is presented as a collection of facts, students are left with the
perception that everything that there is to be known about science is already known and
can be found in their text book. This is a miss understanding of the nature of science
because science is constantly changing. History is replete with examples of scientific
discoveries that changed the perceptions of the world. An understanding of a nature of
science help students to realize that change is the rule rather than the exception.
Rakow (1986 15) argued that moreover the understanding the dynamic natures of
science, students need to develop attitudes that characterize the enterprise of science.
He presents science attitudes as follow;

- Curiosity

Willingness to suspend judgment

Open-mindness

Skepticism
Farmery (2002: 7) presents that scientific attitudes suggest the notion of
science as a way of thinking, i.e. through the demonstration of curiosity, through the use
of questioning and the ability to think through problems. Further attitudes that science
teaching and learning build up include care for the environment, care for plants and
animals and care for the pupil themselves. Nott (1992: 13) considers that education
about scientists, as now included in the primary curriculum, aids in both the acceptance
of scientific ideas and gives pupils understanding of the nature of science. He suggests
that through this type of study, children develop more positive attitudes towards science.
Harlen (2000: 22 — 23) states that the goals of science education should
include fostering the attitudes and values of :
- Curiosity
- Respect for evidence
- Flexibility in the ways of thinking
- Critical reflection
- Sensitivity in investigating the environment
Harlen (2000: 129) points that skills and attitudes are components of the

complex activities which is called inquiry or investigation. It is important to look at the
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components so as to help students develop skill in all aspects of the development of
understanding. To Gathering evidence about process skills and attitudes is likely to
require a combination of :

1. Observing children’s actions

2. Questioning and discussing

3. Studying in written work designed to reveal the use of process skills
and attitudes.

Bruner (1966: 114) states that curiosity is almost prototype of the intrinsic
motive. Qur attention is attracted to something that is unclear, unfinished, or uncertain.
We sustain our attention until the matter in hand becomes clear, finished, or certain.

The word “intrinsic” motive for learning; Bruner (1966: 114 — 117) defines
as one does not depend upon reward that lies outside the activity it impels.

Attitudes, feelings or perceptions of science are recognized as important
for science achievement and for selection of science-related careers by students.
(Parker; & Gerber. 2000: 236 - 242) According to Hornung (1987), lack of student
enthusiasm, interest, or motivation in science contributed to reduced participation in
science classes and to shortages of scientist and technologists in industry. (Parker; &
Gerber ; citing Hornung. 2000: 236 — 242) Moreover, Science attitudes were found to
have a positive correlation with science achievement and participation in advanced
science course. (Lee; & Burkam. 1996: 613 — 650 ; Simpson; & Oliver. 1990: 1 - 18)

Student science achievement and attitudes toward science vary according
to factors relating to self, school, and home. (Parker; & Gerber. 2000: 236 — 242) To
investigate the effect of those factors on achievement and attitudes, Simpson and Oliver
(1990: 1 — 18) summarized major findings of a longitudinal research study conducted
between 1980 — 1981 and continued between 1985 — 1986. They found that the quality
of classroom instruction was identified as alterable variable affecting student science
achievement and attitudes toward science. Even though factors related to home and
self contributed to student attitudes toward science, science classroom instruction had a
greater effect on attitudes, as measured in the Simson-Troost Attitude Instrument.

Parker; & Gerber (2000: 236 — 242) suggest that one of the approaches which
can support the reformation of science curriculum, as recommended by the Nationat
Research Council (1996) is the science intervention program. They found that students’

science achievement and attitudes toward science improved as a result of the influence
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of the 5-week intervention program. As observed by Parker; & Gerber (2000: 236 — 242)
of their program, middle-grade students who had typically performed below average in
school became more knowledgeable of science content and skills when involved in
refevant, inquiry-based active learning experiences. Student attitudes toward science

improved, with both quantitative and qualitative data supporting theses finding.

11. Assessment

Evaluation and measurement decisions should be made in terms of the
purpose for use them. This principle helps a teacher focus on the purpose and use for
the evaiuation being planned. No evaluation or measure should be planned until the
teacher has identified the question teacher is trying to answer and how the data from
the measure are going to be used.

Teachers have an instructional problem to solve. They select the appropriate
form of evaluation. Then they develop a measurement instrument or procedure. Using
the measure, teachers collect the desired information. Using the information, teachers
solve the instructional problem.

Evaluation of student learning is an integral part of the instructional process.
Instruction, weli done, is more complex than standing before learners and lecturing on
the topic at hand. 1t begins with careful planning of what is to be learned and how
students can best be helped to learn the material. From the first, teachers may think of
ways that students will show what they have learned. As students study and learn,
teachers observe and test and in several other ways collect information (evaluate
students) on trouble spots and misunderstandings and skills finally mastered.

Teachers, need to know the meaning of two terms, measurement and
evaluation so that they will be able to understand significant concepts.

Unnamed (1) (n.d.) states that measurement as used by teachers is a process
of collecting information about the performance of a student or a class. It is a
descriptive process. Measurement often includes the assignment of a number to
express in quantitative terms the degree to which a pupil possesses a given
characteristic. One of the most common tools of measurement used by teachers is the
paper and pencil test. It measures many kinds of performance well. It is obviously not
the only tool. When a teacher makes value judgments about pupils' performance, then

she is doing more than measuring. She is using measurement data to evaluate. All
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teachers evaluate pupils. Evaluation takes place when a teacher determines which
students have satisfactorily completed a science course and which ones have not.

Teachers have many reasons for evaluating students. Primary reasons for
evaluating pupils are those reasons which are an essential part of a teacher's main
responsibility--helping students improve in knowledge and skills, feelings and attitudes;
helping student learn. Secondary reasons for evaluating pupils are those reasons which
are not central to the teacher's responsibility to help students learn but which are often
met through evaluation. The needs of others involved in education--parents of the
students, administrators, etc.--are met through evaluation.

Harlen {(2000: 108 — 121) suggests role of assessment in science classroom is
integral to teaching and is concerned with helping leamning, not with assessing
outcomes or with [abelling students’ achievement. It involves students, so that they can
judge their work and be helped to recognise the next steps they need to take. Thus in
this context of assessment has the role of supporting learning, identify students’ ideas
and skills, giving both teacher and student information about progress, and providing
the basis for action to support further learning.

Farmery (2002: 149) presents that the mode or method of assessment is also
stated at the planning stage. it is important to use a range of strategies for assessment,
to allow for all children to demonstrate their progress in science, irrespective of their
abilities in other areas of the curriculum. A child may have an excellent understanding
of a particular science concept but lack the writing skills to demonstrate it during a
written assessment; it is therefore essential that the student and beginning teacher
develop an understanding of a variety of modes of assessment.

Boston (2002: online) states that the diagnostic use of assessment to provide
feedback to teachers and students over the course of instruction are called formative
assessment. It stands in contrast to summative assessment, which generally takes
place after a period of instruction and requires making a judgment about the iearning
that has occurred (e.g., by grading or scoring a test paper).

The assessment of the learning outcomes and the process of evaluation have
always been a key aspect of good science teaching. Formative assessment provides
essential feedback to students and teachers as to where they are starting from the
progress they have made towards attaining specified teaching and learning goais.

Summative assessment provides evidence as to what has been achieved at the end of



58

teaching unit. There are many ways of teaching and learning science.

Fairbrother (1993: 239 — 248) states that Formative assessment is an integrai
part of teaching, it is on going and is used for diagnostic purposes to provide feedback
to both students and teachers to improve the learning and teaching process. Summative
assessment tends to be one-off and final, and concerned with achievement. It is
strongly associated with sitting in judgment and awarding grades. He concludes two
major conflicts between Formative and Summative assessment, the first is that of
needing to use the information on student performance for two different purposes, that
is, to indicate achievement for the award of final grade and also to provide feedback to
improve performance. Information about earlier performance cught to become
redundant as performance improves; and performance will fluctuate anyway, being
influenced by a variety of factors, such that numbers alcne do not give a proper
reflection of ability. The second conflict occurs because the teacher has to fili two
different roles, that of helper and that of judge. Students will reveal their deficiencies to
someone who is genuinely helping them to overcome the deficiencies, but they will be
reluctant to reveal their weaknesses if the revelation might count against them,

Rodrangkar (2001: 3) states that the following evaluations are currently applied
in the education system :

1. While-learning Evaluation is used for teachers’ planning and practicing.

2. Diagnostic Evaluation is used to indicate which objectives students
have not achieved or what their weak points are and how the teacher can help them.

3. Accumulative Evaluation is done for reporting students’ progress back
to the parents and related people.

4. Curriculum or Programme Evaluation is emphasized in terms of the
objectives in a particular curriculum, not including all contents and activities.

The new National Education Act of B.E. 2542 was officially adopted this year.

Chapter 4 National Education guideline :

"Section 26 ... Educational institutions shall assess learners’ performance through
observation of their development: personal conduct: learning behaviour: participation in
activities and result of the tests accompanying the teaching-learning process

commensurate with the different levels and type of education”

(The national Act B.E. 2545 in Thailand)
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According to this section, that means the assessment is focusing not only the
test but all of everything that present students or pupils performance. It is called
Authentic Assessment.

However, most educators acknowledge that written tests assess only a very
limited range of student abilities and may restrict the ability of capable students to
express themselves in other mediums. Critics have noted that grades, in and of
themselves, provide no evidence of what has been taught, what has been gained, or
how well it has been measured.

National Research council (1996: 75) gives the topic of assessment
considerable attention, an emphasis that highlights the importance of assessment to
science teachers, who are called upon to evaluate diverse skills. Contemporary
teachers must feel confident in using authentic assessment it to measure achievement
of science standards and benchmarks. (Project 2061. 1997: 1 - 2)

Kaewdang (n.d.) suggests in term of Authentic Assessment that the
assessment is the key factor that can affect the learning behavior. Without the reform
of assessment, it is rather difficult to reform learning.

Pearson Education Development group (Undated: online) states that authentic
assessment aims to evaluate students' abilities in 'real-world’ contexts. In other words,
students learn how to apply their skills to authentic tasks and projects. Authentic
assessment does not encourage rote learning and passive test-taking. Instead, it
focuses on students' analytical skills; ability to integrate what they learn; creativity;
ability to work collaboratively; and written and oral expression skills. It values the
learning process as much as the finished product.

Authentic assessment refers to a method of evaluating the students
knowledge, ability and skills which are closely related to their daily lives and
experiences. Authentic assessment emphasises students’ performance and thus is also
called “Performance assessment”. Examples of methods for authentic assessment are
science communication assessment, group work assessment, and portfolios.

(Kanjanawasi. 2002: 283 — 301. ; Dachakupt. 2003: 188 — 212)
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12. Research framework

Because of educational problems in Thailand, especially about science
education, reforms have been made to improve Thai educational system. The basic
education curriculum should be related to present situation. Teaching and learning
experience should have connections with currently sociat situations. Learners or
students should be given opportunities to fully develop their potential. Teaching and
learning processes should be adapted by emphasizing student-centred iearning
concepts with teachers as the role of facilitators.

Each school can design their own curricutum of any subjects, such as science
extra curriculum, which is based on appropriateness and consistent with education
standards (or core curriculum) from the ministry of education. (IPST. 2003: 3 - 4)
in addition, the designed curriculum should allow the school to utilize real environment
or similar context in the community as a resource of learning. The so-called community
resources will provide the learners with direct experience. According to Science
Education Standard B.E.2542, community resources are considered as important as the
school itself.

Having studied documents relating to this research, learning concepts and
formats of curriculum development, and being interested in the importance of
community resources, the researcher thinks that the curriculum development which
emphasized on community resources is a mean of solving educational problems.
Therefore, the researcher has designed the research framework by making a start on
studying reforms of educational systems, looking at The National Education Act BE.
2542 and Science Education Standard and learning curriculum development with an
emphasis on community. Community resources in the researcher’s concern are The
Royal Chitralada Projects, which are criginally initiated by His majesty the King.

To develop an extra science curriculum with emphasis on community, the
researcher mainly refers to concepts of curriculum development by Tyler (1949); Taba
(1962); Utaranan (1989); & IPST (2003), all of which focus on community resources. In
addition, other key components for learning and teaching processes, such as activities,
materials, and evaluations, are considered with suitability as stared in Review literature.
Curriculum development with emphasis on community resource can be divided into

seven procedures as follows :
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1. Study Basic information; core curriculum, community resources,
curriculum development, teaching-learning style, school, student background.

2. Give or design the purpose of curriculum and design curriculum.

3. Choose content related to core curriculum and community resources
and design; course description, unit of learning, teaching and leaming style, instructional
media and lesson plan.

4. Evaluate curriculum before implementation of the curriculum by experts
and re-develop.

5. Implementation of the curriculum.

6. Evaluate curriculum after implementation of the curriculum from the
result of learning achievement, attitudes and science process skill.

7. Validation of the curriculum.
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With the aforementioned basic knowledge in curriculum development,

researcher has developed an extra science curriculum emphasized on community

resources. Its procedures are concluded in graphic model (Figure 5), as follows

Lt
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Chapter 3
Research Methodology

This Chapter describes in details of research methodology as the research and
development (R & D). This research is to develop and assess an extra science
curriculum with emphasis on community resources "The Royal Chitralada Projects” and
implement the curriculum on students at Chitralada School Year-8.This research is
conducted in both quantitative and qualitative ways. Research methodology is described
in five sections as follows:

1. Review literature.

2. Curriculum development and document concerning an extra science
curriculum,

3. Develop research instruments and validate.

4. Evaluate an extra science curriculum from the resuit of the
implementation of the curriculum with students of an experimental group of Year-8
(MS2).

5. Analyze data and validation.

Review literature
To review books, researches and published papers for out of classroom
learning, field trip and the using community resources as a place to study and draw out
science and details of classroom planning using student-centred learning approach. The
processes are as follow,
1. Review literature on curriculum and curriculum development.
2. Review literature on the modern theory of teaching and learning;
student-centred learning and educational psychology.
3. Study :
3.1 The new National Education Act of B.E. 2542
3.2 Details of Strand and Benchmark of a group content in learning
science from IPST (2003)
3.3 Obijectives or purposes of teaching and learning science for lower

secondary grade (keystage 3).
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4. Study the overview of Chitralada School objectives after the reforms of
the education curriculum (National act 2542).

5. Study on community resource(The Royal Chitralada Projects) related to
science extra curriculum : Out of classroom learning and field trip,

6. Study content and details of nutrition, dairy farm, milk processing and
quality control.

7. Study the idea and possibility and plan for an extra science curriculum
related to community resources and how to achieve the final proposal.

8. Review teaching and learning strategies: Inquiry, constructivism,

9. Review ICT as a too! in modern teaching and learning science.

10. Review community resources : The Royal Chitralada Projects
(Chitralada Dairy Farm, Chitralada Milk Collection Centre, Milk Processing)

11. Review: Science achievement, scientific attitude.

12. Review: Assessment of science achievement and scientific.

Curriculum development and document concerning an extra science

curriculum

Researcher studies on the style of curriculum development from curricutum
development educators and integrated their idea and produce researcher's steps as
follow;

1. Study basic information on National act 2542, Science education
standard: the basic education curriculum A.D. 2544 (The core curriculum) (IPST. 2003:
1 - 35), Community resources (The Royal Chitralada Projects), school, students’
background, teaching and learning strategies, and curriculum development.

2. Design Curriculum purposes related to the core curriculum and
community resources.

3. Choose the content related to the core curriculum and community
resources. Design Course description, Unit of learning and Lesson plan for each unit of
learning which is included teaching and learning strategies, instructional media, and
evaluation. Details are as follow;

3.1 Develop document concerning an extra science curricuium

(Appendix 3) related to science education standard: the basic education curriculum A.D.
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2544 and community resources : The Royal Chitralada Project (Chitralada Dairy Farm,
Chitralada Milk Collection Centre, Milk Processing).
3.2 Design overview of approach.

3.2.1 Study details of content related to ‘The Royal Chitralada
Projects’.

3.2.2 Contents are allocated in each week.

3.2.3 Develop 6 units of learning (Appendix 4) (learning activity,
student work sheet, way of assessment). The learning activities and topics are; field trip,
milk, the dairy cattle, pasteurization, milk quality control (MBRT Test), milk processing
and dairy products. Students’ activities composed of 6 units of learning in 7 weeks.

(2 periods a week)

Overview of approaches are presented in table 1

TABLE 1 OVERVIEW OF APPROACH

Week1 Week2 Week3  Weekd Weekb Week6 Week?
Unitt Unit2 Unit3 Unit4 Units Unité Unit6
Field trip Milk  The farm MBRT  Pasteurization Milk Milk

Processing Processing

MBRT is a Methylene Blue Test.

3.3 Validation of content and units of learning.
3.3.1 Present units to the research committes. (supervisor)
3.3.2 Present units to five experts (Appendix 1) and conclude
their comments and re- develop.
3.3.3 Try out units of learning activities with students from Year 8
{MS 2) who are not the experimental group from Chitralada School.
3.3.4 Re-develop unit of learning.
3.4 Develop lesson plan which is contained name, period, fearning
objective, content, activities, evaluation.
3.5 Validation of lesson plan.

3.5.1 Present lesson plan to research committee. (supervisor)
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3.5.2 Present lesson plan to five experts and conclude their
comments and re- develop.
3.6 Prepare instructors.
3.6.1 Explain details of an extra science curriculum with emphasis
on community resources, lesson plan and teaching-learning style.
3.6.2 Explain how and what to measure on achievement, science
process skills and attitudes.

4. Evaluation curriculum before an implementation of the curriculum by
five experts (Appendix 1) in content, curricuium design and evaluation by using
curriculum assessment form.

5. Implementation of the curriculum on students at school connected to
community resources.

6. Evaluation of curriculum after an implementation of the curriculum from
the results of the experiment.

7. Validation of the curriculum

Develop research instruments and validate (Appendix2)

Before implementation
1. The assessment form of an extra science curriculum draft

1.1 Develop a five level rating scale questionnaire to assess
curriculum in term of the suitability and develop questionnaire of three level rating scale
to assess the consistency of the curriculum.

1.2 Ask the research committee to comment on suitability of the
questionnaire.

1.3 Ask five experts (Appendix 1) to assess suitability and consistency
of an extra science curriculurn by marking questionnaires.

1.4 Analyze data from experts marking questionnaire.

1.4.1 Suitability: use basic statistic of mean (_)_(—) and standard
deviation (SD). Each answer from the questionnaire of five Level Rating scale is
weighted as follows :

5 means the most suitable
4 means very suitable

3 means suitable
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2 means not very suitable

1 means the least suitable

Result of the suitability can be categorized into 5 levels
4.51 — 5.00 means the most suitable
3.51 — 4.50 means very suitable
2.51 — 3.50 means suitable
1.51 — 2.50 means not very suitable

1.00 — 1.50 means the least suitable
X of suitability which indicate the suitable curriculum is over 3.51

1.4.2 Consistency analyze from Index of consistency (I0OC). Each

answer from the questionnaire of three level rating scale is weighed as follows :

Consistent is weighted as 1
Unsure is weighted as 0
inconsistent  is weighted as -1

IOC which indicate the consistency of curriculum is over 0.5

Learning achievement
1. Anindividual examination paper to assess science learning

achievement. (The Pre and Post test)

1.1 Study topics of assessment and evaluation of learning especially
now to produce questions

1.2 Design structure of the assessment on cognitive domain in three
aspects. knowledge, comprehension, and application.

1.3 Present to research committee and experts (Appendix 1) to
consider

1.4 Redevelop structure of the assessment in accordance with
experts’ commems.

1.5 Develop an examination paper to measure science learning
achievement using multiple choice items. The total number of items is 75.

1.6 Analyze content validity from Index of Consistency (IOC) by

experts. The criteria are as follows :
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Score +1 means experts who gives the mark is sure that question
represent the content of an extra science curriculum.

Score 0 means experts who gives the mark is not sure that
question represent the content of an extra science curriculum.

Score -1 means experts who gives the mark is sure that question
does not represent the content of an extra science curriculum.

1.7 Calculate I0C of each question and choose question from the
content validity criteria as follows :

IOC 2 0.5 means that question can be applied in the examination.
IOC < 0.5 means that question can not be applied in the
examination.

1.8 Try the selected and adapted science learning achievement
examination paper with 102 purposively selected students from Year-9 students at
Chitralada School. (non experimental students)

1.9 Analyze results from answer sheet. Define score as 1 and 0.
Calculate the level of difficulty {p) and power of discrimination (r). Choose questions
from the level of difficulty (p) .20 -.80 and the power of discrimination > .20

1.10 Try the complete science tearning achievement examination
paper with 102 purposively selected students from Year-9 students at Chitralada
School. {non experimental student) to find the reliability (ry) of the science learning
achievement examination paper by KR-20

1.11 Complete the science learning achieverment examination paper.
Ready to use.

2. The behavioural observation form on the field trip to community
resources.

2.1 Study on science field trip and authentic assessment.

2.2 Develop the behavioural observation form on the field trip to
community rescurces using a 5 level rating scale in order to observe four aspects 1) curiosity,
2) responsibility, 3} participation and 4) data collection.

2.3 Ask for the research committee comments.

2.4 Ask for three experts comment and re-develop.

2.5 Complete the behavioural observation form on field trip to community

resources. Ready to use.



69

Criteria of percentage scores are as follows :
= 80%  means very good
70 - 79% means good
60 — 69% means fair

50 — 59% means pass

Science process skills
1. An individual examination paper to assess science process skills.
{The Pre and Post test)

1.1 Study topics of assessment and evaluation of learning especially
how to produce questions.

1.2 Design structure of the assessment on science process skills: 1)
observation, 2) measurement, 3) classification, 4) communication, 5) controlling
variables, 6) hypothesising, 7) experimentation, and 8) data interpretation.

1.3 Present to research committee and experts to consider.

1.4 Redevelop structure of the assessment in accordance with
experts’ comments.

1.5 Develop an examination paper to measure science process skills
using multiple choice items. The total number of items is 60.

1.6 Analyze content validity from Index of Consistency (IOC) by
experts. The criteria are as follows

Score +1 means experts who gives the mark is sure that question
represent the content of an extra science curriculum.

Score 0 means experts who gives the mark is not sure that
question represent the content of an extra science curriculum.

Score -1 means experts who gives the mark is sure that question
does not represent the content of an extra science curriculum.

1.7 Calculate |1OC of each question and choose question from the
content validity criteria as follows :

IOC 2 0.5 means that question can be applied in the examination.
tOC < 0.5 means that question can not be applied in the

examination.
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1.8 Try the selected and adapted science process skills examination
paper with 102 purposively selected students from Year-9 students at Chitralada
School. (non experimental students)

1.9 Analyze results from answer sheet. Define score as 1 and 0.
Calculate the level of difficulty (p) and power of discrimination (r). Choose questions
from the level of difficulty (p) .20 -.80 and the power of discrimination > .20

1.10 Try the complete science process skills examination paper with
102 purposively sefected students from Year-Y students at Chitralada School. (non
experimental student) to find the reliability (r,) of the science process skills examination
paper by KR-20

1.11 Complete the science process skills examination paper. Ready to
use.

2. The presentation assessment form after the learning activities.

2.1 Study on science presentation, science communication and
authentic assessment.

2.2 Develop the presentation assessment form after the learning activities
using a 5 level rating scale in order to assess skills of science communication in four aspects
1.} Content presentation, 2) use of illustrative materials and media, 3) organization of
presentation and 4) scheduling/ time spending.

2.3 Ask for the research committee comments,

2.4 Ask for three experts comment and re-develop.

2.5 Complete the presentation assessment form after the learning
activities. Ready to use.

Criteria of percentage scores are as follows :

=~ 80%  means very good
70 — 79% means good
60 — 69% means fair
50 — 59% means pass
3. The science communication assessment form.

3.1 Study on science communication and authentic assessment.

3.2 Develop the science communication assessment form using a 5-level
rating scales in order to assess skills of science communication in four aspects 1) selection of

the topic, 2) presentation of the content, 3) use of visual aid or illustrative materials and 4)
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application of information communication technology.

3.3 Ask for the research committee comments.

3.4 Ask for three experts comment and re-develop

3.5 Complete the science communication assessment form. Ready to
use.

Criteria of percentage scores are as follows :

> 80% means very good

70 - 79% means good

60 — 69% means fair

50 — 59% means pass

Scientific attitudes
1. Scientific attitudes questionnaire

1.1 Study on attitudes assessment and how to produce attitude
gquestionnaire.

1.2 Develop questionnaire comprising 66 statements to measure
personal scientific attitudes towards thinking, action and decision for seeking scientific
knowledge. The statements concern curiosity, perseverance, rationality, thoroughness,
honesty, and acceptability.

1.3 Ask for the research committee comments.

1.4 Analyze content validity from Index of Consistency (IOC) by

experts.
1.5 Choose 40 statements in the range of 10OC between 0.67 and

1.00
1.6 Try questionnaire with 102 purposively selected students from
Year-9 students at Chitralada School. (non experimental student)

1.7 Mark the questionnaire (criteria are in Tahile 2 as follow) :
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TABLE 2 SCIENTIFIC ATTITUDE QUESTIONNAIRE CRITERIA

Attitude for the positive sentence Attitude for the negative sentence

Totally agree 5 mark Agree 2 mark
Agree 4 mark neutral 3 mark
neutral 3 mark less agree 4 mark
less agree 2 mark The least agree 5 mark
The least agree 1 mark Totally agree 1 mark

1.8 Find out the power of discrimination and reliability of each
sentence by (t-distribution) and select 30 statements.
1.9 Try 30 selected statement questionnaire with 102 purposively

selected students from Year-9 students at Chitralada School. (Non experimental

student) to find the reliability of the questionnaire using {(X - coefficient) of Cronbuch.
1.10 Re-develop the guestionnaire.
1.11 Complete the scientific attitudes questionnaire. Ready to use.
2. The assessment form of group working{cooperative learning)
2.1 Study on cooperative learning and authentic assessment.
2.2 Develop the group working assessment form using a 5 level rating
scale in order to assess learners’ cooperative learning.
2.3 Ask for the research committee comments.
2.4 Ask for three experts comment and re-develop.
2.5 Complete the group working assessment form. Ready to use.
Criteria of percentage scores are as follows :
> 80% means very good
70 - 79% means good
60 — 69% means fair

50 - 59% means pass
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Evaluate an extra science curriculum from the results of the
implementation of the curriculum with Year-8 (MS2) experimental

students
This research is a research and development methodotogy. There are three
out standing variables: science learning achievement, science process skills and
scientific attitudes. Researcher uses “One-group Pretest Post-test Design” (Vongratana.
2001: 383) as a research methodclogy.
1. Science learning achievement
Research Methodology is One group pretest- post test Design

(Vongratana. 2001: 383) as in Table 3

TABLE 3 RESEARCH METHODOLOGY FOR ACHIEVEMENT OF STUDENTS

Achievement Achievement
Group Experiment
Pre test Post test
E Ty X T,
Where
E represents Experimental group
T, represents Achievermnent mean scores of students for the Pre-test
T, represents Achievement mean scores of students for the Post test
X represents The implementation of an Extra Science Curriculum

with emphasis on community resources
2. Science process skills
Research Methodology is One group pretest- post test Design
(Vongratana. 2001: 383) as described in Table 4
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TABLE 4 RESEARCH METHODOLOGY FOR SCIENCE PROCESS SKILLS

Science process skills ) Science process skills
Group Experiment
Pre test Post test
E T, X T

Where
E represents Experimental group
T, represents Science Process Skills mean scores of students for the
Pretest
T, represents Science Process Skills mean scores of students for the
Post-test
X represents The implementation of an Extra Science Curriculum
with emphasis on community resources
3. Scientific attitudes
Research Methodology is One group pretest- post test Design

(Vongratana. 2001: 383} as described in Table 5

TABLE 5 RESEARCH METHODOLOGY FOR SCIENTIFIC ATTITUDES

Scientific attitudes Scientific attitudes
Group Experiment
Fre test Post test
E T, X T,

E represents Experimental group

T, represents Scientific attitudes mean scores of students for Pretest.

T, represents Scientific attitudes mean scores of students for Post-test.
X represents An Extra Science Curriculum with emphasis on community

Resources.
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Procedures

1. Curriculum implementation by follow up the complete curriculum draft and
the lesson plan on experimental students.

2. Data collection (The pre and post test scores, individual work, cooperative

work, science communication and attitude assessment).

Analyze Data and validation

Researcher analyzes data using programme SPSS/PC’ to compare

achievement score of students before and after experiment
® Basic statistic mean (})and standard deviation (S.D.)

@ Statistic for research analysis is t-test
In addition, researcher then presents descriptive information on authentic
assessment to support the guantitative results of the experiment. The authentic
assessment allows researcher to understand the implementation of an extra science
curriculum with emphasis on community resources. The assessments are taken to use

as later suggestions.



Chapter 4
FINDINGS

This chapter presents the findings of a development of an extra science
curriculum with emphasis on community resources. The findings are presented in the
foliowing order: 1) curriculum development: the findings of developing the draft
curriculum  2) evaluation of the draft curricutum before implementation and

3} curriculum implementation.

Curriculum development: the findings of developing the draft curriculum

The draft curriculum was evaluated and developed into the version for actual
implementation with the experimental populations.

To begin with, researcher reviewed literature about the development of an
extra science curriculum with emphasis on community resources. The Royal Chitralada
Projects were used as the community resources. In addition, researcher studied Thai
National Standards, Science Education Standard: the basic education curriculum AD
2544. Also, researcher made a review of science instruction strategies, focusing on
inguiry and cooperative learning and assessment of science instruction. Then
researcher defined problems and needs concerning the development of an extra
science curriculum with emphasis on community resources. Next, researcher formulated
the fundamental principle and objectives of the curriculum, content structure, methods of
learning activities, subject definition and units of learning. In each unit of learning,
contains a lesson plan including strand, benchmark, content,_ learning activities and
evaluation of learning, all of which are based on student-centred learning.

Details of an extra science curriculum are ;

1. The draft curriculum consists of
1.1 Fundamental principle, main aim and objectives of the curriculum.
1.2 Curriculum structure and its content.
1.3 Methods of learning activities.
1.4 Evaluation of learning.
1.5 Subject definition.
1.6 Units of learning.

1.7 Lesson plans.
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2. The subject content

Researchers developed the subject definition, strand and benchmark,
prioritised the content with emphasis on community resources (The Royal Chitralada
Projects) and utilize science from the resources to develop the units of learning.

Unit 1 Field Trip to the Farm and its Dairy Processing Places

Unit 2 Mitk

Unit 3 Dairy Cattle

Unit 4 Quality Control (MBR Test)

Unit & Milk Processing

Unit 6 Dairy Products

The assessment of the draft curriculum bhefore Implementation

Before implementation, the draft of an extra science curriculum with emphasis
on community resources was assessed in order to identify any faults which can be
improved and redeveloped in terms of suitability and consistency of the curriculum by
experts in curriculum development and science education. The resulting of the
assessment is as follows:

The result of suitability

TABLE 6 LEVEL OF SUITABILTY OF THE DRAFT CURRICULUM

N=5
ltems Level of suitability
5% S.b.

1. The curriculum principle is suitable. 440 054 Very suitable
2. The curriculum principle is relevant to necessity
in daily life. 420 044 Very suitable
3. The curriculum principle is suitable for learners’
development. 460 054 The most suitable
4. The curriculum objectives are clear. 460 054 The most suitable
5. The curriculum objectives are feasible and
practical. 4.80 044 The most suitable

6. The curriculum content is appropriate to

learners’ age. 420 044 The most suitable
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tems N=S Level of suitability
X S.D.
7. The curriculum content is feasible and practical. 4.80 0.44  Very suitable
8. Units of learning
8.1 Unit 1 Field Trip to the Farm and Dairy
Processing Places. 4.80 0.44 The most suitable
8.2 Unit 2 Milk 420 0.44 Very suitable
8.3 Unit 3 Dairy Cattle 360 0.54 Very suitable
8.4 Unit 4 Quality Control (MBR Test) 3.80 044 Very suitable
8.5 Unit 5 Milk Processing 440 0.54 Very suitable
8.6 Unit 6 Dairy Products 4.40 0.89 Very suitable
8. The content structure in each unit of learning
meets the objectives. 420 044 Very suitable
10. The content is suitabie for the learners’
development. 4.60 054 The most suitable
11. The duration of the implementation is suitable.  4.20 0.44  Very suitable
12. Content classification (in each unit) is suitable. 460 0.54 The most suitable
13. Content prioritization is suitable. 3.80 044 Very suitable
14. Learning activities are appropriate to learners’
age. 440 054  Very suitable
15. Learning activities encourage active learning
approach. 460 054 The most suitable
16. The community resources “The Royal
Chitralada Projects” are suitable for the curriculum
content. 4.80 044 The most suitable
17. The field trip to “The Royal Chitralada Projects”
is suitable for the curriculum content. 460 0.54 The most suitable
18. Teaching methods in each activity of learning
are suitabie. 420 0.47 Very suitable
19. Instructional media and learning material are
appropriate to learners’ age. 440 0.54 Very suitable
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TABLEG (continued)

ltems N=5 Level of suitability
¥ S.D

20. Instructional media and learning material are 460 0.54 The most suitable
suitable for the content.
21. Instructional media and learning material 440 054 Very suitable
encourage learning.
22. Evaluation in each unit of learning is 4,60 054 The most suitable
appropriate to learners’ age.
23. Composition of the curriculum is suitable. 420 0.44 Very suitable

From table 6 The evaluation of suitability of the draft curriculum from experts’
marks indicates that the composition of the draft curricutum is ranged from very suitable
to the most suitable.

fn the level of the most suitable, the curriculum principle and the content in
each unit of learning are the most suitable the learners’ development. The curriculum
objectives are clear, feasible and practical. The curriculum content is appropriate to the
learners’ age. The field trip to the community resources in Unit 1 and content
classification are the most suitabte for the curriculum content, especially The Royal
Chitralada Projects as the community resources. Instructional media and learning
material are the most suitable for the content. Assessment in each unit of learning is
appropriate to learners’ age.

In the level of very suitable, the curriculum principle is suitable and relevant to
necessity in daily life. The curriculum content is feasible and practical. Units of learning
2-6 are very suitable. The content structures in each unit of learning, duration of the
implementation, content prioritization and teaching methods in each learning activity are
very suitable. Learning activities, instructional media and learning material are
appropriate to learners' age. Instructional media and learning material encourage

learning. In addition, the composition of the curriculum is very suitable.
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TABLE 7 CONSISTENCY OF THE DRAFT CURRICULUM
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ftems N=»°
1oC
1. needs and main aims 1
2. main aims and objectives 1
3. needs and objectives 1
4. objectives and content 0.8
5. main aims and content 08
6. objectives and learning activities 0.8
7. content and activities in each unit of learning 0.8
8. content and lesson plans 0.8
9. activities in units of learning and lesson plans 1
10. lesson plans and instructional media and learning materiat 1
11. lesson plans and learning assessment 1
12. content and learning assessment 1
13. instructional media and learning material and learning assessment 1
14. activities in units of learning and learning assessment 1

From table 7 the evaluation of consistency of the draft curriculum from experts’

mark indicates that the composition of the draft curriculum was consistently determined.

IOC which indicates the consistency of the draft curriculum is over 0.5.
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Experts’ suggestions on the draft curriculum

TABLE 8 EXPERT SUGGESTIONS ON THE DRAFT CURRICULUM

Topics (of suggestion) Suggestion

Principle - Needs for the curriculum should be added in the document
concerning curriculum
Curriculum objectives - Objectives should be concerned with possibilities
Curriculum content - Content should be most related to dalily life.
- Content should be ordered according to its difficulty.
- Unit of learning MBRT should be implemented before unit of
learning milk processing.

Curriculum Implementation - Learning activities should be varied

According to experts’ suggestions and comments, researcher re-developed the
draft curriculum, prioritized the order of learning units and improved tearning activities to

make the complete curriculum for further implementation.

Curriculum impiementation

Findings from the evaluation of the draft curriculum by experts were used to
revise the curriculum. The inquiry cycle with the five steps of the learning cycle :
1) engagement, 2) exploration, 3) explanation and conclusion, 4) elaboration and
exchange experiences, and 5} evaluation and application was used throughout the
curriculum which was implemented with 69 MS 2 students of Chitralada School in the
second semester, 2004. The total experiment took 14 hours (7 weeks).

Chitralada School is located near The Royal Chitralada Projects. Both are on
the ground of Chitralada Palace.

In addition, cooperative learning and science communication skills are also
applied through the learning activities.

More details of the documents concerning an extra science curriculum with
emphasis on community resources, lesson plans and learning activities in each unit are

shown in Appendix 3
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The data were collected using quantitative and qualitative forms, including 1) pre-
and post-tests of science achievement, 2) pre-and post-tests of Science Process Skills,
3) Scientific Attitudes Questionnaire, 4) The behavioural observation on the field trip to
community resources, 5) The group working assessment form, 6) The presentation
assessment form (after learning activities) and 7) The science communication
assessment form,

1. Testing on Research Hypotheses

While implementing an extra science curriculum, the data were collected to test
the research hypotheses as follows :
1.1 Pre-and post-tests of science learning achievement
Hypothesis 1: After an extra science curriculum has been applied, the
experimental students will get higher learning achievement than before using the curriculum.
According to this research hypothesis, students who participate in an
extra science curriculum with emphasis on community resources are expected to gain
higher post-test scores than pre-test scores.
The pre- and post-tests are constructed using multiple choice items.
The total number of items is 30, 5 items for each unit. The reliability of the tests
measured by KR-20 is 0.83. The tests are used to evaluate students’ abilities in three
aspects: 1) knowledge, 2) comprehension, and 3) application of scientific knowledge
and methods, the results of which are 36.66, 33.33 and 30.00 percent, respectively.
The pre- and post-test scores of the students’ achievement are

presented as mean (M) and standard deviation (SD) in Table 9

TABLE 9 PRE- AND POST-TEST SCORES OF STUDENTS' ACHIEVEMENT

Test n M S.D.
Pre-test 69 14.35 415
Post-test 69 23.20 423

n = number of students df = n -1
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The mean post-test scores of the students are 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 10

TABLE 10 T-TEST RESULTS OF PRE - AND POST-TEST SCORES OF STUDENTS'
CHIEVEMENT.

Test df M S.D. t p
Pre-test 68 14.35 4,15

18.538* .000
Post-test 68 23.20 4.23

t 05 ar65)= 1.1669  df=n-1  p = probability

The t-test results of pre- and post-test scores of the students’
achievement show that the mean scores are significantly different at the .05 level. This
indicated that the students’ post-test scores are higher than the pre-test scores, which
supports the research hypothesis 1.

In conclusion, the first hypothesis is well supported with the evidence
showing that all students’ post-test scores are higher than their pre-test scores.

1.2 Pre-and post-tests of Science Process Skills

Hypothesis 2; After an extra science curriculum has been applied, the
experimental students will get higher science process skills than before using the
curriculum.

According to this research hypothesis, students who participate in an
extra science curriculum with emphasis on community resources are expected to gain
higher post-test score than pre-test scores.

The pre- and post-tests are constructed using multiple choice items.
The total number of items is 32, 4 items for each skill. The reliability of the tests
measured by KR-20 is 0.88. The tests are used to evaluate students’ abilities in eight
skills: 1) observation, 2) measurement, 3) classification, 4) communication, 5) controlling

variables, 6) hypaothesizing, 7) experimentation, and 8) data interpretation.
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The pre- and post-test scores of science process skills are presented

as mean (M) and standard deviation (SD) in Table 11

TABLE 11 PRE- AND POST-TEST SCORES OF STUDENTS' SCIENCE PROCESS
SKILLS

Test n M S.D.
Pre-test 69 17.93 6.47
Post-test 69 2357 4 87

n = number of students df=n-1

The mean post-test scores of the students are 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 Tabie 12

TABLE 12 T-TEST RESULTS OF PRE- AND POST-TEST SCORES OF STUDENTS'
SCIENCE PROCESS SKILLS.

Test df M S.D. t D
Pre-test 68 17.93 6.47

9.834* 000
Post-test 68 23.57 4.87

t (.05 df 68) = 1.1669 df =n-1 P = probablllty

The ttest results of pre- and post-test scores of the students’ science
process skills show that the mean scores are significantly different at the .05 level. This
indicates the students’ post-test scores are higher than the pre-test scores, which supports

the research hypothesis 2.
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In conclusion, the second hypothesis is well supported with the evidence
showing that alf students’ post-test scores are higher than their pre-test scores.

1.3 Scientific Attitudes

Hypothesis 3: After extra science curriculum has been applied, the
experimental students wili get higher scientific attitudes than before using the

curriculum.

According to this research hypothesis, students are expected to have
more positively scientific attitudes after they participate in an extra science curriculum with

emphasis on community rescurces than they do before they participate.

The data are collected by using 5-scale Likert questionnaire to assess
students’ scientific attitudes through the curriculum. A questionnaire consists of 30 items
and assessed students’ scientific attitudes in six aspects: 1) curiosity, 2) perseverance,

3) rationality, 4) thoroughness, 5) honesty, and 6) acceptability. The reliability of the

attitude assessment using {Ql- coefficient) of Cronbuch is 0.92.

The students’ scientific attitude results before and after implementation

is showed in table 13

TABLE 13 SCIENTIFIC ATTITUDES BEFORE AND AFTER IMPLEMENTATION

Test n M s.D.
Before 69 4.15 0.31
After 69 4.33 0.27

n = number of student df=n-—1

The mean scores of the scientific attitudes after implementation are
higher than before. A t-test analysis is conducted for testing the significance of

difference of gained scores. The results are shown in Table 14
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Test df M S.D. t p
Before 68 415 0.31

4.916™ .000
After 68 4.33 027

t (os: die) = 1.1669 df=n-~1 p = probability

According to the t-test analysis, the mean scores of students’ scientific
attitudes are significantly different at the .05 level. This indicated that the students’ post-
test scores are higher than pre-test scores, which supports the research hypothesis 3.

In conclusion, the third hypothesis is well supported with the evidence
showing that after the implementation all students’ have more positively scientific attitudes
than before the implementation.

2. Others findings
While implementing an extra science curriculum the data were collected to

support this research as follows:

2.1 The behavioural observation on the field trip to the community

resources

The behavicural observation form for the field trip to the community
resources is constructed using a 5 level rating scale in order to observe four aspects 1)
curiosity, 2) responsibility, 3) participation and 4) data collection.

The data were collected and were assessed by the students themselves,
their friends and teachers from the behavioural observation form on the field trip to the
community resources, The results are presented in mean, standard deviation (S.D.) and

coefficient of variation (C.V.) as shown in table 15
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TABLE 15 RESULT OF THE BEHAVIORAL OBSERVATION ON FIELD TRIP TO
COMMUNITY RESOURCES

Students themselves Friends Teachers
Marks

M s.D. C.vV. M S.D. C.V. M sS.D. CV.
20 15710 2646 0168 16246 2614 0160 16449 1676 0.101
% 78.550 81.230 82.245

From table 15, the assessment results of the behavioural observation
on the field trip to the community resources “The Royal Chitralada Projects” of
experimental students from Chitralada School MS2 can be concluded that the
percentage of scores shows that three groups of assessors, which are students
themselves, friends and teacher, assessed the students’ behaviour at the level of good,
very good and very good respectively.

The assessment results of the coefficient variation (C.V.) from these
three groups (students themselves, friends and teacher) are fairly close.

2.2 The assessment of group working {cooperative iearning)

The group working assessment form is constructed using a 5 level rating

scale in order to assess learners’ cooperative learning. Group working skills are behaviours

that can be observed by students themselves, their friends and teachers.

Hibbard (1998: 97) presents his idea of group working through the form of
assessment on this character that a skill of group working is how well the learners do in
cooperative learning leading to working systematically. They should behave according to their
roles in group, share their sensible ideas among themselives and listen to others’ opinions.
Each learner should be willing to fulfill any tasks given by the group and follow the group
agreement. They should create a good relationship, while taking part in monitoring and
improving their group work. Advantages or disadvantages of their group work should be
defined. Every member of the group should be part of the achievement. On the other hand,
each of them should be responsible for any failure. In addition, they should be both a good

leader and a good follower.
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The data was collected three times in week 2, 3 and 5 using the group
working assessment form which is created by researcher. The results are presented in mean,

standard deviation {S.D.) and coefficient of variation (C.V.), which are shown in table 16

TABLE 16 RESULT OF GROUP WORKING (COOPERATIVE LEARNING) BY THREE
GROUPS OF ASSESSORS.

Students themselves Friends Teachers
Week

M SD. CV. M S.D. CV. M SD. CVv.

2 (50 marks) 40.231 7392 0183 43913 5969 0135 44478 2435 0054

3 (50 marks} 42217 5005 0.118 44739 4673 0104 46.333 2263 0048
5 (50 marks) 43840 4998 0114 45579 4466 0098 46.971 1271 0.027
SUM (150 marks) 126.288 134.231 137.782

% 84.192 89.487 91.854

From table 16, the results of group working assessment of the experimental
students from Chitralada School MS2 can be concluded that the average scores in the
third time of the assessment are higher than those in the second and the first time by
three groups of assessors, students themselves, friends and teacher respectively.

it can be considered that the average summation and percentage
assessed by three groups of assessors, which are the students themselves, their
friends and teacher, show that the students' behaviour of group working is at the level
of very good.

The coefficient variation (C.V.) resuits from these three groups of
assessors (students themselves, friends and teacher) on each occasion are not
distinctly different from one another and declined every time they were assessed.

The details of group working data are in Appendix 5

2.3 The presentation assessment after the learning activities

The presentation assessment form after the learning activities is constructed
using a 5 level rating scale in order to assess skills of science communication. The
presentation after the learning activity is assessed in four aspects 1.) Content presentation, 2)
use of illustrative materials and media, 3) organization of presentaticn and 4} scheduling/ tme

spending. They are assessed by the students themselves, their friends and teachers.
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The data was collected three times in week 2, 3 and 4 using the
presentation assessment form after the learning activity. The results are presented in mean,

standard deviation (S.D.) and coefficient of variation (C.V.), which are shown in table 17.

TABLE 17 RESULTS OF THE PRESENTAION AFTER LEARNING ACTIVITY BY THREE
GROUPS OF ASSESSORS

Students themselves Friends Teachers
Week

M SD. CV. M S.D. CV. M sS.D. CV.
2 {20 marks) 15,173 2376 0.156 16.869 2689 0159 16.724 1402 0.083
3 {20 marks) 16.724 2375 0142 16956 1594 0094 17.188 1417 0.082
4 (20 marks) 17.159 1685 Q098 17.144 1.018 0.059 174863 1170 0.067
SUM (60 marks) 49.056 50.969 51.375
% 81.760 84.948 85.625

From table 17, the results of the presentation assessment after learning
activity of the experimental students from Chitralada School MS 2 can be concluded
that the average scores in the third time of the assessment are higher than the second
and the first time by three groups of assessors, students themselves, friends and
teacher respectively.

It can be considered that the average summation and percentage
assessed by three groups of assessors, which are the students themselves, their
friends and teacher, show that students’ behaviors of the presentation after learning
activity is at the very good level.

The coefficient variation (C.V.) results from these three groups of
assessors (students themselves, friends and teacher) on each occasion are not
distinctly different from one another and declined every time they were assessed.

2.4 The science communication assessment

The development of science communication skills is as important for
learners as decision making and higher-ordered thinking. Students who have such skills are
able to present their idea and share their knowledge with others. Presentations can be oral or
written, with clarity and logic. Learners are required to practice these skills regularly. One of

science learning activities which encourage the development of science communication skills
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is the use of Information Communication Technology (ICT). Computer can be used to develop
learners’ ideas and their imagination into useful and creative work. 1PST (2004:22-26)

The science communication assessment form is constructed using a 5-level
rating scales in order to assess skiils of science communication. The experimental students in
each group prepared their presentation by using PowerPoint and made posters of the topic
they selected from the content in the extra science curriculum with emphasis on community
resources. The science communication is assessed in four aspects 1) selection of the topic,
2) presentation of the content, 3) use of visual aid or illustrative materials and 4) application of
information communication technology. The science communication (the presentation by
using PowerPoint and the use of posters) is assessed by the students themselves, their
friends and teachers. The data were collected during weeks 6 and 7 when unit of leaming 6
was applied.

The results of science communication (presentation by program
PowerPoint} are presented in mean, standard deviation (S.D.) and coefficient of variation

(C.V.), which are shown in table 18

TABLE 18 RESULT OF SCIENCE COMMUNICATION (PRESENTATION BY
POWERPOINT PROGRAM)

Students themselves Friends Teachers
Marks

M S.D. CV. M SD. CV. M sD. CVv.
20 17.927 11479 0065 17437 1091 0062 17405 1.602 0092
% 89635 87.185 87.025

From table 18, the assessment results of science communication (presentation
by PowerPoint program) of experimental students from Chitralada School MS2 can be
concluded that the percentage of scores from three groups of assessors, students
themselves, friends and teacher shows the students’ behaviour at the level of very

good.
The assessment results of the coefficient variation (C.V.) from three

groups, (students themselves, friends and teacher) are fairly close.
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The result of science communication (the use of posters) are
presented in mean, standard deviation (S.D.) and coefficient of variation (C.V.), which

are shown in table 19.

TABLE 19 RESULT OF SCIENCE COMMUNICATION (POSTER)

Students themselves Friends Teachers
Marks

M SD. CV. M S.D, CV. M 5D. CVv.
20 18.768 1582 0084 17.927 1342 0.074 17.304 1638 0.094
% 93.84 89.635 86.52

From table 19, the assessment results of science communication (the use of
posters) of experimental students from Chitralada School MS2 can be concluded that
the percentage of scores from three groups of assessors, students themselves, friends
and teacher shows the students’ behavior at the level of very good.

The assessment results of the coefficient variation (C.V.) from three

groups, students themselves, friends and teacher are fairly close.



CHAPTER 5
CONCLUSION AND DISCUSSION

This chapter presents the conclusions of the study related to the objectives,
hypotheses, research instruments, research procedures conclusions, implementation and

recommendations.

Purpose of the Study

Purposes of the study are:

1. To develop an extra science curriculum for Year-8 (MS2). This satisfies the
requirement in Strand 1: living things and living processes Benchmark 1.1, which
emphasises the scientific process. The extra science curriculum will be developed upon
community resources, (The Royal Chitralada Projects)

The details of Strand 1 living processes Benchmark 1.1 are as follows -

- To survey, explore, analyse and define behaviours of living things

- To find, discuss and discover biological technology for increasing
products from agriculture and aiso for developing animal and plant breeding and to use
the technology for the manufacture of products from agricuiture.

- To survey nutrition and food which are related to human daily life and
gain knowledge to choose suitable food for consumption in respect of gender and age.

2. To measure and compare student's scores of achievement, science
process skill and scientific attitudes before and after an extra science curricuium has
been applied.

3. To evaluate an extra science curriculum with emphasis on community
resource (The Royal Chitralada Projects) for Year — 8 (MS 2) (science extra course).

Active learning approaches are applied in the curriculum.

Research Hypotheses

The research hypotheses of this study are:

1. After an extra science curriculum has been applied, the experimental
students will get higher learning achievement than before using the curriculum.

2. After an exira science curriculum has been applied, the experimental

students will get higher science process skills than before using the curriculum.
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3. After extra science curriculum has been applied, the experimental students

will get higher scientific attitudes than before using the curriculum.

Research Instruments
The research instruments used in the study are as follows :
1)} An extra science curriculum with emphasis on community resources.
2) The assessment form of an extra science curriculum.
3) An individual examination paper to assess science learning achievement.
4) An individual examination paper to assess science process skills.
5) Scientific attitudes questionnaire.
6) The behavioral observation form on field frip to community resources.
7) The assessment form of group working.
8) The assessment form of the presentation after the learning activity.

9) The assessment form of science communication.

Research Procedures
The research procedures are as follows :
Step 1 : curriculum preparation:

Researcher studied literature concerning the development of an extra
science curriculum with emphasis on community resources, studied related documents
and gathered information on community resources “The Royal Chitralada Projects”
which are related to the science contents from books, documents and a visit to the
community resources.

Step 2 : curriculum design:
The following procedures were used in the curriculum design step:

2.1 Compitation of documents concerning curriculum: the researcher
produced the draft curriculum that consisted of 1) fundamental principle, main aim and
objectives of the curriculum, 2) curriculum structure and its content, 3) methods of
learning activities,

4) evaluation of learning, 5) subject definition, 6) units of learning and 7) lesson plans

2.2 Select teaching and learning styles: active learning approaches such as
inquiry, cooperative learning and use of Information Communication Technology (ICT)
which are incorporated into the curriculum. The contents and the activities are based on

community resources “The Royal Chitralada Projects”.
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2.3 Develop lesson plans and assessment tools: lesson plans and
assessment tools were examined by experts and redeveloped by the researcher.

2.4 Develop documents concerning units of learning and activities for
students. These documents were examined by experts and redeveloped by the researcher.

2.5 Assess the draft curriculum with emphasis on community resources before
implementation: five experts used the assessment form to assess the draft curriculum.

2.6 Conduct a preliminary study: the preliminary study was conducted to
teach MS 2 students at Chitralada School who were not the experimental students.
The aim of this phase is to check the lesson plans, units of learning and activities and
to familiarise the teacher with the learning strategy.

Step 3 : curriculum implementation

This step is aimed at implementing the curriculum to student in a
classroom environment. The curriculum was instructed by a science teacher of
Chitralada School.

Step 4 : evaluation of curriculum after implementation and validation

This step is to evaluate curriculum from the results of the experiment after
implementation : The pre- and post-test of science achievement, science process skills
and scientific attitudes. The researcher was acted as an observer when the process of
the implementation was being applied and had a discussion with the teacher who
applied the curriculum. The responses and recommendations of the experts were used

to evaluate and validate the curriculum.

Conclusion

Research findings can be concluded as follows :

1. Curriculum development

The curriculum is developed in accordance with the 1St standard strands of

Thai National Education Standards in Science regarding living things and lving
processes, Benchmark 1.1. The learning activities are integrated with community
resources and instructed by using the active learning approach which a strategy
consisting of inquiry, cooperative is learning and the use of Information Communication
Technology (ICT). Lesson plans are developed by using an inquiry process of five
phases . 1) engagement, 2) exploration, 3) explanation and conclusion, 4) elaboration,

and 5) evaluation and application. (IPST. 2000: 14 — 15)
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This curriculum can be used in an extra or elective science course for
lower secondary school students. The main principle of the curriculum is to illustrate
investigation of students through the inquiry process and to integrate community
resources into the curriculum. The active learning approach is required for the learning
strategy. Students use community resources to gain basic knowledge and inforrnation
for planning their investigation. They choose topics to investigate, plan and design their
survey. The students work on a science project in groups and present their interesting
topics and their findings to other students in class. The teacher facilitates them and
assesses their learning outcomes in the inquiry process, cooperative learning and the
use of Information Communication Technology (ICT). Students cooperated among
themselves in process of learning.

The experts assessed the draft curriculum which then was revised and
implemented with students in two classrooms.

2. Curriculum impiementation

The findings from the curriculum implementation provide two types of data:
1) quantitative data for testing the research hypotheses and 2) qualitative data for
supporting curriculum implementation.

2.1 Testing Research Hypotheses
After the curriculum had been implemented, data were collected to test the
research hypotheses and the results are as follow :

2.1.1 Hypothesis I: After an extra science curriculum has been
applied, the experimental students will get higher learning achievement than before
using the curriculum. This hypothesis aims to test the students’ learning cutcomes in
their achievement scores after they complete an extra science curriculum with emphasis
on community resources. The pre- and post-tests scores are used to test this
hypothesis by comparing the mean scores with a pair-wise t-test.

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

2.1.2 Hypothesis II: After an extra science curriculum has been
applied, the experimental students will get higher science process skilis than before

using the curriculum. This hypothesis aims to test students’ learning outcomes in science
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process skills after they complete an extra science curriculum with emphasis on
community resources. The pre- and post-tests scores are used to test this hypothesis
by comparing the mean scores with a pair-wise t-test.

According to the t-test results, it is found that the pre- and post-test
scores of all the students 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
second research hypothesis.

2.1.3 Hypothesis IIi: After an exitra science curriculum has been
apptied, the experimental students will get higher scientific attitudes than before using
the curriculum. This hypothesis assumes that the students will gain the positive scientific
attitudes after they participate in an extra science curriculum with emphasis on community
resources than before they participate in the curriculum. The scientific attitudes are
evaluated by a 5-scale Likert questionnaire before and after the implementation. 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 results, it is found that the pre- and post-test
scores of all the students were significantly different at the .05 level. This indicates that the
students gained higher post-test scores than pre-test scores and the result supports the
third research hypothesis.

2.2 Data supporting the implementation

The supporting data were collected through 1) behavioral observation on
the field trip to the community resources 2) group working skills 3) the presentation after
learning activity and 4) the science communication. The details are given as follows.

2.2.1 Behavioral observation on the field trip to community resources:
according to the data, it was concluded that the students’ percentage scores were at the
good and very good level. They were also aware of the importance of the community
resources “The Royal Chitralada Projects”. They learned science by having experience
in the field trip and the science they learned was related to their daily life. It is obvious
that they gained scientific knowledge from the science field trip to the community
resources.

According to the active learning approach, not only did the students
improve their investigative abilities in science from the resources, but they also

developed their social skills. They learned to work in team as a cooperative learning



97

method and exchanged experiences with other students and also with the experienced
people in the community resources. They were able to ask experienced people for
collecting data related to their investigations. They also had scientific attitudes of
curiosity. In addition, they gained more confidence.

Science learning activities: After the science field trip to the community
resources “The Royal Chitralada Projects” which is based on the student-centred approach,
the students collected data on topics of their interest in groups. They planned and worked
together, prepare for their presentation and made posters as science communication skills
systematically.

2.2.2 Group working skills or cooperative learning: according to the
data, it can be concluded that the average score increased every time the students
were assessed. |t can be claimed that this learning activity is a good practise of learning
science because it is based on the student-centred approach as strategy of cooperative
learning. In regard to this learning strategy, the students improved their ability of group
working. That is, when the students were engaged in cooperative work, they could share their
ideas and skills with their friends, so that a suitable learning style of cooperative learning led
to quality of group working results.

2.2.3 Presentation after learning activities: according to the data, it can be
concluded that the average score increased every time the students were assessed. The
scores from three types of assessors are not distinctly different in each time. It can be
noticed that presentations after learning activities help students practise communication
skills by making a presentation of their findings.

2.2.4 Science Communication: according to the data, it can be shown
that the percentage scores of science communication by the presentation of PowerPoint
programme and by making posters are in a very good level.

In science education, Dachakupt (2001: 135 — 137) recommends that
students should have science communication skills to help sustainable development in the
society. Science communication is an important skill for students to learn how to think and
present their idea and their findings systematically.

In conclusion, both data indicated that the students developed their
abilities in science learning, measured in terms of science achievement, science process
skills and scientific attitudes. Besides, their social abilities such as cooperative {earning and

science communication were increased.
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3. Curriculum evaluation
The curriculum was evailuated by a group of experts through the

assessment of the draft curriculum before implementation and through the resulits
evaluated after the implementation. According to recommendations of the experts on the
curriculum, an extra science curriculum with emphasis on community resources is a
good example of the development. Student learning activities helped demonstrate active
learning approach such as inquiry, cooperative learning and science communication.
Students who participated in this curriculum learned the processes of investigation and
scientific methods. They also did the science-learning activities which are related to the

community resources. Obviously, they understood science concepts.

Discussions
The following are discussions on the study results :
Students’ Learning Qutcomes
1. Science achievement

In regard to students’ learning outcomes in their achievement scores, the
pre- and post-test scores show that the mean pre- and post-tests scores of the students
are significantly different at the .05 level. The results support the first research hypothesis
because the mean post-test scores are higher than the mean pre-test scores.

Science achievement is evaluated by pre- and post-tests. The tests focus
on 1) knowledge, 2) comprehension, and 3) application of scientific knowledge and
methods. The results support the first research hypothesis because students who did all
learning activities in this curriculum gained higher post-test scores than pre-test scores.

In regard to the instructional approach, the students were allowed to focus
on the active learning approaches; inquiry, cooperative learning and science
communication. 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
results are simnilar to the findings of Haury (1993: online), who found that students who
participated in the inquiry approach gained higher cognitive learning outcomes. Hands-on
activities were major factors to enhance their learning outcomes. Verilette (2000: 236)
found that students who participated in the intervention programme which instructed
through inquiry processes in 5 weeks gained significantly higher post-test scores than pre-

test scores. Stohr-Hunt (1996: 101) claimed that students who did hands-on activities once or
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twice a week gained more standard test scores than students who did hands-on activities every
2 — 3 weeks. University of Northern lowa (1997: online) presented project called Physics
Resources and nstructional Strategies for motivating students {PRISMS). The project
blends such inquiry-based strategies as exploratory activities, concept development, and
application activities into a learning cycle. The studies showed that the PRISMS
students achieved at a higher level about physics than those taught by more traditional
methods.
2. Science Process Skills

According to the comparison of the scores of science process skills, it can
be found that the mean pre- and post-tests scores of the students are significantly
different at the .05 level. The results support the research hypothesis because the mean
post-test scores are higher than the mean pre-test scores.

Science process skills are evaluated by pre- and post-tests. The test focus
on abilities in eight skills : 1) observation, 2) measurement, 3) classification,
4) communication, 5) controlling variables, 6) hypothesising, 7) experimenting
8) interpreting data. The results support the second research hypothesis because
students who did all learning activities in this curriculum gained higher post-test scores
than pre-test scores. The results are supported by the study conducted by Haury (1983:
cnline) who found that the inquiry approach helped students more to improve the skills
in writing graphs and interpreting data. Ledermam (2002) presented that scientific
inquiry goes beyond the development of science process skills such as questioning,
observation, measurement, data interpretation and data analysis and theses processes
are then jointed with knowledge, reasoning and critical thinking to construct new
scientific knowledge. There are some studies which investigated the learning of
integrated science process skills. For example, Allen (1973: 123 — 151) found that third
graders can identify variables if the context is simple enough. Bredderman (1983: 499 —
518) found that teaching science in elementary schools produces clear evidence that
students in process-approach programs learn more than do students in traditionai
textbook-based programs. Both Quinn and George (1975: 215 — 221) and Wright (1981)
found that students can be taught to formulate hypotheses and that this ability is
retained over time. A project called Physics Resources and Instructional Strategies for
motivating students (PRISMS) blends inquiry-based strategies as exploratory activities,

concept development, and application activities into a learning cycle. The studies



100

showed that the PRISMS students used higher level reasoning science process skills
than those taught by more traditional methods. (University of Northern lowa. 1997:
online)

3. Scientific Attitudes

In regard to students’ scientific attitudes, the pre- and post-test scores
showed that the students’ mean pre- and post-tests scores are significantly different at the
.05 level. The results support the research hypothesis because the mean post-test scores
are higher than the mean pre-test scores.

Scientific attitudes are assessed by a questionnaire and scores before and
after the impiementation are then compared. The scientific attitudes questionnaire focuses
on six aspects : 1) curiosity, 2) perseverance, 3) rationality, 4) thoroughness,

5) honesty and 6) acceptability. The results support the third research hypothesis
because students who did all learning activities in this curriculum significantly gained
higher scientific attitudes after an extra science curriculum had been applied.

The research on scientific attitudes of the students who did activities
through the curriculum instructed by the active learning approaches, can be supported
by the findings of Ebrahim, McCormick and Meade. Ebrahim (2004: Online) compared the
effect of the student-centred approach to that of a traditional approach on the students’
attitudes on learning science. It can be found that students who were taught by the student-
centred approach developed better positive attitudes than those who were taught by the
traditional approach. Meade (2002: Online) found that undergraduate students who learned
chemistry by using the inquiry learning cycle gained positive attitudes. As a result of
Meade's study, the students did group activities and they had opportunities to do many
things they had never done before in their science courses. McCormick (2000: Online)
stated that students who learned biology through the inquiry approach had better scientific
attitudes. Manopichatewattana (2004: Abstract) claimed that her students were happy and
they enjoyed learning science through active learning activities. They had positive attitudes
towards science subjects. PRISMS project integrates inquiry-based strategies as
exploratory activities, concept development, and application activities into a learning
cycle. The results are shown that the PRISMS students had more positive scientific
attitudes than those taught by more traditional methods. (University of Northern lowa.

1997: online)
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4. The behavioural Observation on the Field Trip to the Community
Resources

According to the results of the behavioural cbservation on the field trip to the
community resources “The Royal Chitralada Projects,” it can be found that the students’
percentage scores were at the good and very good levels. They were also aware of the
importance of the community resources. They learned science by having experience on
the field trip and the science they learned was related to their daily life.

The behaviour is assessea by a behavioral observation form on the field
trip to the community resources. The form was constructed using a 3 level rating scale
in order to observe four aspects 1) curiosity, 2) responsibility, 3) participation and
4) data collection. The results were supported by the study conducted by Harvey
(1951), an initial researcher on field trips, who designed a study to compare the science
attitudes of ninth graders. The contrel group of students experienced formal classroom
instruction, while the experimental group planned and organized their own field trip, with
the instructer’s guidance, incorporating scientific method. There was a positive change
in the scientific attitude of the experimental group due to the field trip. Concurrently, the
study demonstrated that the pre-trip instruction was of significant benefit to the
experimental group's success. (Ruddmann. 1994 ; citing Harvey. 1951) Meyers and
Nulty (2002: online) Their study is about the development of teaching and learning
strategies which integrate the use of lectures, web-based resources, practical and field
trips. Their students expressed conspicuous levels of satisfaction, enjoyment, interest
and engagement from their learning experience together with significantly enhanced
learning outcome. Also Knapp and Barrie (2001: 351 — 357) presented their analysis on
two field trips. Their quantitative analysis was conducted on two field trips to a science
centre and an ecological oriented programme. The results of their analysis showed
significant gains in science related knowfedge following both field trips. Knapp (2000:
65 - 71) found that a science field trip can produce events that the student will
remember long after the programme is completed. Folkomer (1981), MacKenzie &
White {1982) reported in their studies that the ability of students who participate in field
trip to observe, memorize, and recall facts, was significantly higher than that of the

control group who did not participated in field trip.
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5. The assessment of Group Working (Cooperative Learning)

According to the results of group working, it can be found that the students
improved their cooperative learning skills. The results confirm practicality of the
implementation of an exira science curriculum with emphasis on community resources.
The results were supported by the study of Richmond and Striley (1994) who found that
the integration of science in school is an instructional strategy to enhance and develop
students’ thinking skills, decision making and social skill development. Furthermore,
Manopichatewattana (2004: 152) presented that from her students were encouraged to
practice cooperative learning approach, so they had a chance to develop this social
skill. Simiiarly, Wahyudi and Treagust (2001: 7 — 30) found that cooperative learning
helped students to develop their working skills and they had a chance to analyse, give
their opinions and solve problems with their friends. Meade (2002) presented the results
of the study on group working {cooperative learning) that this strategy helps
undergraduate chemistry students improve their science learning. Johnson and Johnson
(1997: 24 — 31) claimed that cooperative learning helped students understand each
other and share their knowledge. Slavin {1994: 10 — 11) presented a research on
cooperative learning that Contained more than 70 high-quality studies are about the
evaluation of various cooperative learning methods over periods of at least four weeks
in reguiar elementary and secondary schools; sixty-three of these measured effects on
students achievement. These studies all compared the effects on cooperative learning
to those of traditionally taught control group on measures of the same objectives
pursued in all classes. Overall, of 63 studies of the achievement effects of cooperative
learning, 57% found significantly greater achievement in cooperative than in control
classes. 41% found no differences and 2% in only one study that did control group
outperformed the experimental group.

6. The Presentation After Learning Activities

In regard to the assessment of students’ presentation after learning
activities, the results show the improvement of their presentation skills, including
1) the presentation of content, 2) use of illustrative materials and media, 3) organization of
presentation and 4) scheduling/ time spending. Students were given a chance to practice
presentation skills on their friends. The results were supported by the study of
Anantavorasakul (2001: 183 — 201), who presented that the presentation after learning

activities in "Storyline Approach” is needed.
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When an extra science curriculum with emphasis on community resources
has been applied, students will be encouraged to do presentation after learning
activities by using ICT. Cox; et al (1999: online) presented in their findings that the
using of ICT in teaching and learning processes would make the lessons more
interesting, easier, more diverse, more motivating for the students and more enjoyable
for teachers and their students. The contribution of ICT to enhancing students’ own
views of their learning potential has been reported. Cox (1997) presented in his findings
that frequency of the use of ICT appeared to lead to an increase in positive scientific
attitudes and enhanced commitment to a learning activity. At secondary level Cox
reported that 75% of students believed that the use of ICT made their subjects more
interesting. (Newton; & Rogers. 2001: 21 ; citing Cox. 1997)

7. Science Communication

According to the data, it is found that students developed skills of science
communication on the presentation by using PowerPoint and making posters. The
results show the positive changes of these skills in four aspects 1) topic selection,

2) content presentation, 3) use of visual aid or illustrative materials and 4) application of
information communication technolegy (ICT). Even though the students worked on the
different topics, they used simifar processes of learning activities: collecting information
from the community resources and from documents concerning students’ interesting
topics, designing and doing surveys, analysing data and making conclusions. Each
group presented their studies and findings to class and they shared knowledge and
experiences.

According to this learning strategy. it is suitable to teach students to work
on science projects because the strategy provides them an opportunity to select a topic,
plan, design, and conduct experiments and draw the conclusions of their study.

it can be noticed that the use of ICT doés not cause problems to the
learning process. The students could easily search for appropriate information.
Moreover, the use of ICT could support them to do science communication. The result
was similar to the findings of Teanrungroj. Teanrungroj (2005: 151) indicated that the
use of ICT contributed to the creativity in science communication and ICT can be used
in designing the posters. Patarakin and Visser (2003) and Neo and Neo (n.d.) also
found the power of new technology in facilitating creativity and cooperative learning.

Therefore, these learning activities support the implementation of an extra science
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curriculum with emphasis on community resources. Davies. (2003:online) established
that 75% of teaching characteristics identified as pertinent to teaching creatively
depended upon effective communication skilis. He found that characteristics of creative

learning depended entirely upon communication skills.

Recommendations
The following recommendations arise from the development and
implementation of an extra science curriculum with emphasis on community resources
in order to further enhance the effectiveness of this instructional strategy in teaching
science and to enhance students to achieve all expected learning cutcomes.
1. General Recommendation
1.1 Application of the Curriculum

1.1.1 The activities in the curriculum are based on strategies, including
active learning approach, inquiry, cooperative learning and science communication. The
results show that the achievement and science process skills in the form of students’
post-test scores are significantly different from the pre-test scores. The results indicate
that students who did study in an extra science curriculum with emphasis on community
resources had higher post-test scores than pre-test scores, significantly in both science
achievement and science process skills. These learning strategies with emphasis on
community resources help students learn science contents and lead them through a
sequence of learning in which they become engaged in a topic, explore that topic, are
given an explanation for their experiences, elaborate on their learning as specified in the
National Educational Standard (Wilder; & Shuttleworth. 2004: 25) Therefore, this way
should be used in other science classes, science subjects and it should also be applied
with other community resources in order to promote students’ science learning
achievement and science process skills.

1.1.2 The results of this study show that students gained higher
scientific attitudes than they did before the implementation. They enjoyed learning an
extra science curriculum with regard to active learning approaches and the emphasis on
community resources. They could conduct their own experiment and also worked
cooperatively with their friends. The results are consistent with the study conducted by
Billings (2001: Online). Therefore, integrating local wisdom from local resources with

science instruction is a practical and useful way to enhance students’ understanding in
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science. This is also claimed by Madoazo; & Rhoton (1999: 27) and Keating (1997: 25)
that students who learn through these strategies will enjoy learning science by asking
people from the community and surveying community resources.

1.1.3 While students were participating in an extra science curriculum
with emphasis on community resources, they conducted their own surveys, prepared
and wrote the experiment reports as their science projects to present their interesting
topic in the last week of the implementation by using PowerPoint and making posters.
So, they could conduct their science projects as required in the eighth National
Education Standard for each level of learning science. This means that through
participation in this curriculum, students can conduct science projects and do science
communication by sharing knowledge with their friends. From this reason, this
curriculum should be promoted among science teachers in the area around the Royal
Chitralada Projects as an example of a successful curriculum which is based on the
students-centred learning, active learning approaches, inquiry, cooperative learning and
science communication with emphasis on community resources “The Royal Chitralada
Projects.”

1.2 Application of the Instructional Strategies

1.2.1 The duration of the curriculum should be extended for covering
all strategies in the curriculum which are active learning approach, inquiry, cooperative
learning and science communication. The focus is on students’ investigation. They
should work cooperatively. They should plan, design, and conduct their own surveys to
the community resources and experiments before they process or analyse data and
draw conclusions. However, students in the secondary school level do not have
enough experience in planning and designing experiments because they are still
accustomed to the traditional teacher-centred instructional strategy. They do not have
enough time to practice science communication by using ICT as a tool for searching
science knowledge. Students of this level need more time and practical science process
skills to prepare themselves in dasigning their own experiments, processing and
analysing data before drawing conclusions. They also need more time to practice their
science communication by using ICT and searching for their interesting topics. Extended
learning time will help students practice enough science process skills before they can
conduct their own experiments. This will also enhance their manipulative skills.

1.2.2 The participating teacher was prepared to instruct this curriculum

by studying an extra science curriculum with emphasis on community resources
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regarding planning the activities. The teacher also observed a class during the
preliminary phase to become familiar with organising learning activities. So, teachers
who would like to implement this curriculum in their class should carefully study from the
Lesson Plan and Guide Book. They should visit community resources at least once and
explore interesting knowledge in the resources.

1.2.3 Teachers who would like to implement this curriculum in their
class should not only study an extra science curriculum with emphasis on community
resources but also should gather more information regarding community resources.
This will enable them to give better advice to students on planning their investigation as
well as designing their experiments.

1.2.4 Teachers should prepare enough necessary laboratory studies and
instructional materials for students such as reading extracts from journais and textbooks,
VCD's, Internet and science communication samples presented by PowerPoint and
samples of posters.

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

1.2.6 Each group of students should study different topics in depth,
based on their interest. In this study, they then share their findings and experiences
with other groups. This is why teachers should spend more time advising each group
to plan and design their surveys. Teachers should also act as counsellors and
facilitators for students and encourage them tc use community resources as a best
place to acquire their knowledge. Moreover, teachers should spend more time reading,
making comments, sharing ideas and helping their students prepare their presentations.

1.3 School Policy

According to the Thai Basic Education Curriculum (BEC), teaching
methodology should focus on the student-centred instructional approach. Learning
activities should be based on the local wisdom and resources. School principals should
encourage and suppaort teachers to develop the local school curriculum based on the
student-centred learning, active learning approaches emphasising schools’ own

community resources.
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2. Recommendations for further studies

Recommendations for further studies are as foltows :

2.1 Other community resources in the Royal Chitralada Projects should be
used as learning resources. The resources should be mobilised for the development of
science curriculum and applied to science students in different levels, It is also
important that strand and benchmark from the core curriculum should be taken into
consideration.

2.2 The process of curriculum development with emphasis on community
resources should be applied on students at Key stage 4 in the subjects of physics,
chemistry and biology by integrating active learning activities, inquiry, cooperative
learning and science communication.

2.3 The outcomes should be shared with science teachers in other
schools which are located near the community resources “The Royal Chitralada
Projects.” They should be suggested to adopt the curriculum with emphasis on
community resources and the science instruction theory, which works very well on this
research.

2.4 Virtual community resources should be developed as a virtual field trip
into the curriculum and learning activities for other schools which are located far away
from The Royal Chitraiada Projects. It is also suggested by Nix (1999: online). He
stated that virtual field trip enable the principles of student-centred inquiry and
constructivism to be practiced. For the purpose of this study, a virtual field trip is an
inter-related collection of images, supporting text and/or other media, delivered
electronically via the World Wide Web, in a format that can be professionally presented
to relate the essence of a visit to a time or place.

2.5 Schools located near to community resources should develop a
curriculum with emphasis on community resources in order to promote the development
of those resources. That will in turn lead to development in the whole nation.

2.6 The qualitative data such as the interview with the experimental

students should be added in the process of curriculum implementation.
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Experts for research instruments

. Mrs. Surewan Panthanara

Dr. Sununta Manusmongkol

Dr. Parin Chaivisuthangkura

Dr. Chanin Umponstira

Associate Professor Dr. Rojana Keawjam
Assistant Professor Payao Yindeesuk
Miss Kobnual Chittinand

Mrs. Kunwadi Buachot

Miss Bungorn Nuanjan

10. Dr. Potjanee Thimsak

The Royal Chitralada Projects
Srinakharinwirot University; Prasarnmit
Demonstration School (Secondary)
Srinakharinwirot University
Naresuan University

Mahidol University

Chulalongkorn University

Chitralada School

Ministry of Education
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and youth in remote area of H.R.H.

Princess Mahachakri Sirindhorn



Appendix 2

Research instruments



o a £ a,
HUUNARIUIANRINONIN WA IRINLAERS

| 7]
o =
ARNTANANW1IN2

RULMAROUNIRNA 30 T8 Miia@ay 30 Wil

fms inSawinaSasmang x muuﬁaﬁgﬂ@i’mﬁqm'lum:muﬁﬁma‘u

¥ 1 e

1. *mslfszlpmignsfuanvasninenT lasImysunszo 18 aIudasae

4
L 2
1 o

Aa a P
TrdlatuaaslwiAudedingiiiu

. mwﬁmunﬁﬁammwﬁaanémmmmgﬂ% ne

2. m3lfyaleRerufadonmn

f. msmﬁ‘mmnﬁvmiﬂuwasjﬂagﬂﬁaaiﬂﬂﬁéﬂuauﬁv’oQJJVszLﬁu 40 §1n

3. mMIkderanusawseafld (eG4
2. lassmimiunszasdaudnismdiinnufionssudunisineasens guanmau
\unawund 40 1 dalaliliTeguszasdvaslassmsdmnizasdauiasan

n. dulassmanesas Sadulasoninihies

9. (HulasmsnTwRoneansd Wi mun A sTINT6

fl. Lﬂuimamiﬁaammﬁmmmnﬂﬁﬂsznaummmnﬁulﬁtﬁﬂﬂsﬂwﬁgﬂq@

1. flulasemsdslindonanauunn
3. Imamwia"lﬂffﬂ’a'l@L‘fluT,ﬂNmiﬁa‘qsﬁﬂ‘lﬂmamsahuws:aaﬁmu‘%mam

. gUuETINUY

1. auinsiugnTIiY

a. thliasa

3. WITNINanas
4. dmiwadusaramauslofiszsslwinuasnslisnnn Tasmrdmnizas
mawdasaanlsitle

N, WINUYINwUe

. ﬁwumi’uﬁ‘iwmuuﬁﬁoﬁuﬂlﬁ"%’w‘fj‘ra

a. SuFaunaninuasnafielfulunds

3. LLu:ﬁﬁ‘ELﬁm{muLLrimumﬂﬂﬁ“Lﬁmuﬁqﬂ



5. lasam
f
2

129

A =y
(BUTIRG e ER TN
. TmamiﬁlumﬂamatﬁaﬂﬁﬂﬁaLLﬂanaﬁﬂmﬁgﬂs:naums
v o & ad [ ‘ ' | o ' N
. Tavmansarnduiiness Idarmodsud it nswenTluta lidnisuda

nar lsudinam lsunzensanu

ﬂ
Nl

:l'e.a o J -l l‘: o 1 = ar 1 o
. Iﬂi\‘]ﬂ'liﬂ"i]ﬂﬂ']“ﬂ%ll?’]ﬂ‘i’]F_IVLG]LLﬂtT]EJ?J’\UNﬂT?LL%ﬂIU%ﬂLLRZﬂW?LLUGNﬂﬂ']vlﬁ

aoe o X gl [ . = a ' o
J. Iﬂiﬁﬂ?ﬁ'ﬂ"ﬂﬂﬂ?ﬂuwﬂﬂiﬂﬂiﬂLLR:‘}"WEI'{I']EJ&JT]']'SLL’*UﬂIUHﬁLLﬂtﬂW?LLUJNﬂﬂ115

A oo I - v
'YJﬂﬂW?i’]llﬂlJLﬂuIﬂ'Nﬂ’]?u'ﬁﬂ\?LWaLﬂE(ﬂ'ﬁﬂi@nU

'3 | by PR
6. asAdsznaudmaninulwivy fatela

n
k|
£

. Tus@uiadu
s vaslar

. li@unanaiaua

3. ﬁﬂmaegTﬂEa

7. winznglafvanihme il fmiasdan

n.
.
128
3.

8. \fialan

.
1.
.
J.

wiloiugu szl ad

wilaldsunghudaning

wilafierdanszg szl wuddl

wilaldfunghanung fasualsfmiuasdusznaveg

50 Hel solwinuuasanisulfouwudasadnils
wnaziisuinsslnsorsvesldsawudouly
wuszanaznawiudawwinslassalusanluintund 3o
wuliifnnadfsuulsmamenwudenudun o woauEou

wnazanaznawdunawwislduwindiulasnse

9. nadaidumsilisulassadrsvasllsfiuenitudala

n.

gl

.

Za

Wonuania wImuaad luliwy
.M ldsuanusanusinanadwrasud i
Waldutnauwluiiwuudifa s nits

Maidaduudrazudanilgain



130

10. Luam&”[muwmaq'[awmumaﬂ':a'ﬂ vsuwsnalagiinlgemduinme mala
n. ndwvasldrmdurinliedulduszendoumanRiwoanin
3. livnduiulusfuiissioanannduiyaimsig
a. Lirndudalfdtordvlessuwseslavainiluazneu wavi it
gL IBUBANN
3. Hm’aﬁmﬂﬂﬂ'sﬁumﬁauﬁﬂuuﬁﬁgmawﬁ'ﬁ’ﬁmmﬁaum:m']:vl,ﬁ'riauﬁ'lf&a
Tsawsuia
11, Iﬂ@iﬁ1ﬂ1ﬂ%fﬂlﬂ1ﬂﬂ’]‘iﬁﬂE]Emi]’ml}uh ifiossnuanavunula Y
. Tﬂﬁwauﬁuﬂﬂaﬂ WIBRFULN
2. Tafiiflulindnde
a. Tefiliuuitasy
3. Teitlisse
12. Iﬂmm'lmummuumaUanumn‘naﬂ e irinsuann AaWusarls
n. adud
2. FIEA
A. laagladwiidou
1. AENRUTIRIL
13. msﬂ%’nﬂ‘gaﬁuﬁﬁmfﬁlﬁwaNﬁ@lﬁﬁq@ LLa:ﬂiwﬂ'ﬂﬁqmvl.ﬁurifi%mﬂ?alm
n. WU
1. damsgunw
. f‘fi'vaiﬂwaﬁuﬁ@mmwmn@mm:mﬂ
2. Mhnedovnemustanafiadandbuadla

1
o

14. 1aIanuiadausn waasritetlsiuiuniistosin i nauss

o PP ., & o af v . a 0
n. quqmﬁgnLwammakaimnmwuqquulmﬂﬂﬂ‘szmm 120 C

]
A ot

AI =1 1 ; : dl 3 9 =y " O
. Lwnthg;JLwaemL'ﬁﬂTiﬂIﬂumuu'nmu"hmmqmﬂ{]umnmw 500 C
f. amaﬁmﬂgﬁwﬁmuﬁiﬁm&wanmnﬂumamﬁmﬁaﬂmua:mn'lumwuﬁia
1 amqmmﬁﬂﬁﬁumﬁuﬁmulu 2 1lug ﬁmuﬁl.ﬁuvli'miﬁqmwgﬁ

0
Uszunmw 10 C

el =

15. nawaasladfityrlomiannndolauy as

-y

. :Uﬂﬂﬂlu%ﬂﬂ%ﬂﬁhﬂﬂ%&

2

2, %mmmm:gnﬁuué’wzleiin

o

a. ﬁ’mﬁngmﬁaﬁ'}uﬁaﬁamwmngamaaIﬂuu
3. Hlanuidndatizeaduitwiuaruiiaasnis



131

16. ﬁﬁuuﬁdwunnsﬁwﬂiﬂﬂwwn%éunuQLaﬁﬁdﬂaﬁhﬁhuuﬁqunwsakn%auuu
wimieetlsdadaly
n. ﬁﬁumﬁﬂﬂunﬂiaku%auuugLaﬁﬁﬁsaaéaﬂniﬂ
4. ﬁmuﬁmummm%ﬂuuugm*’ﬂﬁﬁamﬁ@,ﬁumua
Q. ﬁﬁuuﬁﬂnunwsﬁwTﬁ%ﬁnuugLavﬁlﬁ%zsuqawlunwsa&néﬁuwundw
3. 1?n¢mﬁﬂwunwsﬁ11§ﬁ§auuugLaﬁﬁ%:aﬂunsnLﬁuiiTﬁhwundwua:iﬂﬁbauﬁ@lﬁu
17. uwﬁﬂwunizuaunﬁswﬁméﬁUﬁ%ﬂﬁfknﬁuWéuwuﬁqﬂ
n. wiameaslsd
U, UHT
a. laludlud
3. nanszuwnsindfivlduune 9 fu
18. Talalalsmysnidaluuy
. UHT (ultrahigh temperature)
U. Pastuerization
f. Sterilization
4. Homogenization
19. WURA UHT eégnmimiaieasisdasals
n. wimaeslsanulduiunia
2. UHT hiulduinni
a. wimsailsdudalanldamngll 140" C
2. Aannde
20. Talelulsuusawiaanslsd
ﬂ.ﬁﬂﬁhﬁymmﬁ%ﬁﬁh@&ﬂﬁ3_4ﬁt
m.Lﬂunw5ﬁ1&un%éq§uvﬁﬂﬁﬁw?ﬁuuy€n§a
a. IigmamaamsaTudm
4. mmsmﬁuﬁqmﬂgﬁﬁaﬂﬁmu
21. ﬂél@ﬁagﬂﬂszaaﬁﬂaan15miaaqrun1wﬁﬁuu

Tl saafusmiiu

.
7. miLLﬂas:ﬁuqmmwﬁmu
A, LunNiuY ﬁﬁQmmws‘iﬂﬂﬁu:ﬂuﬁuﬁmuﬁﬁqmmwﬁ

“a

anvnnda
U 4



132

anwamnansaammessuLuadideluiiug 4 'nﬁﬂimu'lim'm:mmu%ﬁuug

waNeaudnute 22 — 24

ey nanfiapuannaiudwhiss (T lu3)
A 15
B 1.0
C 0.5
D 35

22. ﬁﬂﬁnﬁﬂ%ﬁmLﬁanumﬁamsgqoa‘immuﬁfm%amnﬁanuwnﬁm'lﬂ
n. Wy A
1 B

> e

wy C
Uy D

[

3

23. wuhn Lmﬂﬁt“’mﬂmﬂauagmnﬁq@]ﬁauwﬁ@'lﬂ

i}
n. Ul A
2. Ul B
f. UL C
Ui D
24, ialmz%ms‘i’aﬁumuqmmwwaauumnuuﬁﬁﬂmmwﬁﬂﬂuuﬁﬁqmmwgﬂﬁgn
. C B A D
2.0 A B C
l.C A B D
. D B A C

25. ATnsasesavannntsInyluaudsunuvselssnuulssiuytataie
9 U U

<o

1, ﬁwﬁdaﬂﬂaﬁnuuﬁuldﬁaaﬂuﬁduﬁdgﬁ
TUTH

AUNAY

howoN

nagaumsnauluiie
n. 1, 2

U, 2

f. 4

J. 3, 4




26. wuifipniundnduriuuitiarinnnaudwnidacly sliuuiuddnwos

agnaly

2 2 2

4.

=

= X a
AnlwwTzawadunss
J 1 =

WIMARINN IR
¥ @ &
wWisauazamuntaiu i lauiutn

avan udlFaNRMIWLT)

27. MIUENAINDaNININLULL nupdatele

.
.
f.

Wsduaasas loawaaas
Tseuasd loadwlimsaian

Tusauanas Tudwlimiaias

3. Wueaf ludwniatssann

28. msthunadtuldiusss wesatdunmirazlsunlsuselami

.

.

gl.
.

A3
TusGudu

4
UUWIFLDDT 138

VAL

o & aa o A A a W oe s [»
29. moiauusudafilguniwdios & ndu sa 3J’]LLﬁ?EﬂlﬂﬁJlﬁLﬂWﬂE}aﬂJ‘JUTaﬂ

v oa & a w &
;duﬂﬂﬂmﬂmmmmummmmw E]ZVL?

.
1.
fl.

3.

LLTNTEALNNON (Gouda Cheese)
IO THALTAGT (Chedda Cheese)
weudeniiailzauds (Processed Cheese)

Tnﬁﬂbgﬂ

30. wanmsdanlunsvnuuns fs

.
u.
.

MTITLREUY WA AN THUWY
MTWULE WRININITIEAE WY
NTABLY LAY NMITIrawd tUwTounn

AVTWIL W30 msTsmenuatialanans e

133



LUUNAFDUIAN NEENTLUIBNIINWINYAEAT

s

WS NANBIUN2

WULNOFIUNIRAA 32 18 MhIa & 30 w1

fras WinSourinelasmane X aauuﬁaﬁgnﬁaoﬁqﬂlummwﬁma'u

a ar [ a g a
wRandanaldtnulimalyaduiauunn

= r-x.- L3 J 1
g[SIB LRSI RET H Y 973

Fee Foe £

'u‘Swuauu‘ﬁ’é’unga:mt@maa@iﬂ

L =L oz

e

=

PRI ARG RIEEERURRG ke plolb
2. wolsafiundlaufiouuafise
2. '1'1'91@LﬂuﬁaﬂaL“‘ﬁan’mﬂ%auuﬂaamnmiﬁamm
n. Fussuudluiunau
2, mm:mum'ﬁﬁuugﬁ%ﬁ'\ﬁ‘m
a. ﬁﬂgu'lmgmﬁanﬂ'mumsh
1. uwugarhi andasaaniizoias
3. ynsfudanaviosiufoudamannane dearuledadumaiuiineaainms
FNAYBIYNTTY
0. wampanysuinndldiemeasusiaann
2y, Tuilomadeuinafusismzduaniia
a. ashiwsunn usslinady Dauuse
3. amadaudnItanuazavd e unsazaniu it
4, ﬂ'alﬂﬁgmnml’ﬁ’ﬂi:mﬂé’uﬁamnﬁq@
n. wuddw1n Lifluuss ddnadnian
9. wuiifvn vew fimuTen uasou
A, wad&wws ldaus vew dduns
3. wuiEu ww wendule auiSeadnites
5. un3sudaaimyiaezlnhafewinnasuiwinaatauiueud
n. dmn YSas
U, 198 YIag
f. a1 ey

40 JHIR AU



135

. ms’ﬁ"nfwﬁnmaﬂﬁ:ﬁwﬁaﬁalﬂgnﬁmmnﬁq@
n. 45 a3
2. 45 Houa
A. 45 Dlaniy
3. 45 Hau
. ﬁwﬁaomﬁaﬁwwﬁnmaaqawaﬂﬁwﬁwwmwaﬂsﬂmnmﬂ'ﬂﬂ%aﬁmﬂ%
N. JURWT U LLﬂduqaﬁﬂﬁﬁﬂﬁﬂﬂﬁﬂéﬂd A 1uen
Y. FURIITIIUK LLmuqqﬁmﬁfnﬂmﬁme g luszaum o
a. yniiavastauuwl i LLﬂnuqaﬁ’mﬁﬂﬁﬂmuma Sueaiy
1. endaviastnauuliliiuiu Ltmuqaﬁ’mﬁnﬁﬂmnmo guaniinaun
. mslfinteafiatumsialifianuamaefowiosfign amjidossls
n. andudayadsznaumyia
2. Ufianusinsldieiasda
. lEnsUszinmizneumiia
3. ﬁuﬁnﬂayjannﬂ%ﬁﬁﬁmﬁﬂ
aiwad danduvesmseaniiudsninnlay dald
Usanit 1 da ufladn ﬁﬂé’umﬂg LI HAR
Jszandl 2 da wininda Auunsfia fu neunie
NNVIHNY JIABLTE 9
. thewadlFamusniuinmusilumssalssanaansodalaeait

n. dssanfi 1 Ao wiledn wWininde Auunsfia eaunia G
Ussnndl 2 @o umnes ﬁﬂﬁ&ﬂﬂﬂg

u. Useandl 1 e uilon wIninda Huunsiia @u
Yszandl 2 @8 aawnia Lues 1,{"16?116'1{1"5

. Uit 1 fa utloiu ﬁﬂﬁwmug LM BaR
Usslanft 2§ wininde fwunsfie Su aaunie

3. dszandt 1 @ ﬁnﬁ'umug

Uszinn®l 2 da wilsdin wWinundo Aunniia Aaunda Au Lunuaa



L [ -3 L= 1 [ 1 s A‘
10. dunuwdadudvedlannssunszadfiiunguasii

¥
=l

NAUN

¥
=

[N

n
7,
. dszlomilun iUl
3.
1. WERHFUYM ALY nianldsn
.
7,
@.
3
12. uuﬁﬁunﬂ'ﬁL%uﬂuLﬁauuﬂnﬁauwﬁL%W’%‘ag@ Gialdasany

1 & ¥ (7] 17 A‘ L I '3
n’mtmtﬂunqummuuiﬁaz”lnﬂummm
Qmmmammi
mslansduiilan

= Pl 5
HuAL uuglath UUWIFIDT IR
UUAY UUWIRAT LIS wughai

= (4 =
wugLasi UUWIRLIDT LIF uudiu

~t s '
uuglasl uudy UNWIRLIDS LIF

1 WUNIRLIATIIH nugari wuUan o
G ol A 1l AI.' o s o
2 wiludsdauy waiagluiaesiaun Wy LI TUnY

-y
. M3RNLED

SNUFUNIIUR]

136

14 il

A e AL a o &) E | A oA a s A
LWUANLIE NN ﬁu']lﬂu?:lﬂﬁﬂuLﬂuﬁﬁTﬂu?:ﬂ:L']aqﬁu LADMNLEUATILIHUSE FUWILIUL

wWRpwIuFu lwizazaAniundn
PINNIINARDI
uilumzuz A Walawsduug nandlilumsilaou

wGpday wulumsus onmousfiuuefSeduwuinllian

walunnoue B Lﬁa'l,ﬁm%ﬁuug ManlElumsiasu
walunmoue C Lﬁa‘ldm%ﬁuUQ nanlFlumsauus da 120 wid

.
.

ABC
BAC
ACB
CAB



137

A . ¥ . Q [ v v o ' o PFEEY
13. Wwadnhigmnund 25°C weduaudan uazduiiifansaludn 20 wid Wniaua:
Lﬂﬂunﬂﬂuﬂmmﬂué’uﬁuﬁﬁzqumﬂq?ﬂﬁunm‘l@i’mwﬁa'lﬂ

= O
n. aomnii( C)
r 3

[

181 (W)

[ >

1987 (W1H)

\ I8 (MW7)

& o A
14. gnayin avngeuliuowszmnsladfiouaslannluviunvianile wud Slauy

v

75 % leuile 15 % fgﬂai'a'm}:l,ﬁan"‘J%'m':ﬁ']Lauaﬁagauwl@%w:ﬁamwwmuvléffmau
LLa:Lﬁﬂﬁ]dwﬁq@a

n. NTILER

7. ngmmq

A RHUDEMW

J. Lmu;‘]ﬁmnau



138

15. faaasmasunsfsInunnfadulasidsraunnieadudssinanaisdnlain

Huiue uaranaanniududnasmianinBoussifanldisnisiudale

.
.
f.

J.

S Ieptiald)

| o
UL a9
Waullunsw

| [
VUL U993

16. RNGHUGDININERD T INNIVIBHE AN U LATIN TRIBWIZAIAF I

Favaenaand Tw.a.2s40utvlaatiuiunsmmun 7 1 wnFouasinaualap

n.
1.
fl.
J.

umuqﬁuﬁa
unuﬂﬁqanau
a3

= [
VUL U995

17. L;Jsumaaalﬁ'ﬂnﬁuﬁuﬁ*ﬂaﬁu@ﬁmﬁ’u aglRTgiV! ’nmmmﬁuua:ﬂ@ﬂlu

Guriadioaiu lasudssusnladonloudu wasiaesdavnionly sundzuaesims

Ya
NARDINA DT 19
. mﬂﬁﬂumaﬁnuazma‘[uﬁﬂﬁauﬁ

1.

mﬂﬁ'ﬂmmaﬂn uasn9lun lwuasn

a. msldlamannuazmiluiinandeningu

J.

mﬂﬁ'ﬂUmqﬁnﬁﬂﬁ'ﬁﬂaaam’l ;m’.i'lmﬂﬁ'ﬂiume‘lu

a . 5 o d o -~ a o \ c A N
18. Fu@IWI dhnsunnSearnlanufilalanusiuiasaaudlnulainnasiwdSuno

[ et P 4 é o L = = & A “:' L “:' b dl.
wing fiu 2 e denilohldduauden ndrowieasfias g antuihdinadionm

Auly SuawsnsuyAgiummaassivi

.

V.

f.

<a

unAudgmAIMIamMIIRY
wufildfuanuioniinmamamigs
HURLATUAIUTOW Lﬁmﬂ%ayﬂﬁﬂﬂ’i’mwﬁhjvlﬁuﬂ’n;J"S“'au

uaflaldfuanuiounazunfldiuanuiouudiriounlng ggmaremisazg



139

19. m'sa:mmu%ﬁuu:ﬁﬂumﬁﬁmaauqmmwuumoé’auﬁmﬂﬂm‘ﬁﬁuugaﬂuﬁmuﬁ
JuuafiSoann ﬁ'ifﬂL3u°11aam'ﬁﬁuuyuﬂﬁﬁmﬂuﬁm’rﬂmu‘l'a”nmﬁaﬂ UINTIO WY
Alanyufin 2 uih ﬁﬁﬂ‘%mmtmﬁummaauﬁam“ﬁﬁuuQ udFnaiionanduly
mwssmé‘ﬁoﬂmalﬁgmnwmmaaqazm‘ls
. Lam'lunmﬂ‘é‘uu‘&maauuﬁmﬂmsa:mym‘ﬁﬁuuQ #lFeunn wasiua
wuafiguaant wuiildiaatesnhluvmsilfond
9, L’aaﬂ.un'mﬂ%‘w%mmwﬁﬁmmmzmmw‘ﬁﬁuq flFeten wiug
wuafiFeasndt wuiildsunnlumswdoud
f. L'Jmﬁua@iaﬂw*:u“ﬂlﬁwammLﬁaamnﬂ?mmumﬁﬁnﬁwLmﬂﬁﬁ'ﬂmnum:
RSN
3. mm:mULu‘ﬁ‘éuugﬁwa@iaﬂ‘immmﬂﬁﬁﬁluﬁmu
20. msmaaoﬂgﬂﬁmﬂmw%’amﬁu 2 nszilas Iﬂmmmuﬁa@hm Tndlaunu 1w
YU TIWI% mqmaaﬁ’u%m fu vwauasriiausmmue Az ominfise e
nazdlaslufinilenaluiiuda ‘Luﬁaao"l.ﬂm:}'ﬁ@ nanlumImaass 5 T Mmaasais
auydsIu fa
n. ﬁwﬁmmﬁﬂLﬂu@iamm‘%mul,ﬁuimaaﬁuﬁ'mﬁm
2. shevesduindmaiwiinmasmivladaiy
a. usnfhulldvidndansaisenmsvssduindo
3. whewpsduinademnaiaiulavssdududen
21. mimimaaaﬂﬂﬂﬁﬂq‘ﬁu 2 wlay laodwueriiavasfin Wutuaing
qmwgﬁua:ﬂ?mmmfﬂﬁwlﬁmﬁauﬁu wlaaft 1 lﬁﬁwﬁmcju‘lﬂﬂﬁ%'mmo Fruuadhi 2
I&uusaidad mudsiuiadole

n. ak

U W

3
Y
N

s
=
)
B,
2



140

22. MYME8I naandlagladiatagiu 3 oia Ao Auwnilon SunTouazfuniuasly

- [ c‘ v oa :‘ [
NAANARDI THAAT 1 NREA aHNATUTTINUATINADS l.l.mmu'mﬂuﬂaaﬂ nafad LuEn

udraanaly lﬁwaa@ﬁumgﬂmm:mﬂé‘lmma:mﬁwmmnu m:mwgﬁnm“ﬁ’a

dudiaaaTrilaa: 1 o L“?iUuﬁmaam:mmgﬁnai’*ﬁ’aﬁu@"lmma% NULOLEWRERIA pH

asgn Taladiasuilsan

.

.

.

3.

w

W

A1 pH

TV RRIGIN

m'smﬁﬂuﬁmaom:mmgﬁn aiTaduGaIAaT

J 1] s { 1 o) —_~ L =
wnmadmlavalasligasomsdn g Awdsghlauueiyidulalasldgasamsiia

1a mn’ﬁ'ayja@ia"lﬂﬁ aAausonuta 24 — 25

23. lunmeaasidadinaz laniliawiu

n.
9.
.

1.

81
ﬁuiﬂ,ﬂuu
9IMINTY Uasiutlauy

ﬁutﬂﬂw LRZDIWIT

A’w L L L)
24. Tuminasasiidaiinazlslweanens

fl.
.
.

4.

AN
ﬂ'ul‘.ﬂﬂuu
2TNT uaziuglauy

ﬁmﬂﬂuu LAZATWS

25. THNGURAIMINARAL “mﬁaﬁﬂﬁﬁmﬁaﬁqmwnﬁ@‘hma‘%aﬁa"l,;]" azfanly

u

qﬂmrﬂﬂ‘lum'smaaa

.
.
fl.

d.

infa duds fanef 1h

indin s mesdwadinaf ¥
infde suds dnined waaadaen
inde duds Tnmned inefuelinad



141

y a g4 a “ ° | A ' 'SP o
26. awsinadaniilnuasduhasrildlifialinmdan mmmaamﬁawgﬂﬁawﬂgm
ganaInsinennely
r= ] (8 - A’M - A('
n. nRvufovasdliznauratamssiainuniadn
o AVL - oo PR (3 5
2. e s Uae i e Tnae e nTsv i aIadsznay
f. ﬁﬁﬂﬂﬁﬁimﬂﬂﬂﬂadﬁu‘lﬁﬂﬂa 2 najuﬁansqmmuguLLa:nsiammaaa
1. e msildnessarulifiiule 2 n@uﬁanaﬁwmuquLLa:néjumaaa
27. lumsmaaaafanasausuudzuiii auduumansonuusla” dnGoudadng
'Lmﬁaimﬂuﬁaa'lﬁ’tuﬂ’rm@aaoﬂﬁﬁmnﬁqﬂ
N. NIZABRIIT LEILAA
a. Lauﬁhm NIxa T8RN
A. lauduu ma@l"l,vlwﬁaanmmﬁ

3 Lausﬁ;’su URIUAR

TtTauafirnvualasudiniuta 28

U

o

1 o 1 + k] = = = J
NFNTRMTLANULLLNINAR I NaMIE AU “4] UTI'TI%W“HL"U?ILJL@UIG]LTHM

q

33rTaly” DaornTun 3 Al LEAINAEINITI

wnSuu LHWNIINARED
] -
AR 1 Nysn19h 2
A ladly sotin "Laﬂﬁﬂqu Tasatin
'I,aiijﬂ T vl,aﬂa%ﬁﬂ A1
C lﬁﬂu T6N lﬁﬂa Tsivonin

28. Mnfoya lasvnisneassiia

n. A lLez B
U A user C
f. B umse C

<o

94 A Bua: C



142

s o - 1 ¥ Ai' ] B o A
29. Aid mmasas lasursgduiuaslunszesfigariniu dwamsly 9 awede

nizilag m:ﬂaqLL@ia:'l,ui'mmmﬁmhﬂuﬁnmo dnafiu udnhond@anunnesale

+ & + e + 3 [ g v
niztlams 3 naxdadqg az 10 wae seiniztedaz 15 cm mm‘lﬂngnumua:

Funamaaiyressuiniivnm 7 4 sinmsnesssdanandeamsdnmaila

30.

. usalinadomaisdadiulavasneg

A‘ n{nl v = = 4
9. iafillnadamsTydvlavasiiy

a. gumpifinadamaaigiaulavaais

3. PRnmhilnadensedguiulanasis

A [] J G ol ) )
FIMNHAMTNEN2IV IR U 'H;ﬂI.iilui]:ﬁ?"ﬂNﬁﬂ’l‘iﬂﬂﬂa\ﬂﬂaﬂﬂ{lvh

NIINARDY

HANTINARDILU DLV EHIRT

T L™ v L 7
. Lﬁwﬁﬁaglumﬁﬁmwwm;}

‘lﬁmm:mm}ww Tifihdwnisat

WNETeEaNBpITWan b

L
°

L7 L

i

Q.

wizay I sazmagu laigiing

W T
WEuasazan mrnuw“’l.uﬁ’m

L7
&

i

Qr

!

(™

)

[—J na

"L@Tmm:mmguma Taufidaunias

A, WA ez
2,
f

3. &y HITNWanLazULTUY Fruvauaniyuaanani i usureLan

L3

11

auAs Werdjioudecldasszaogunn
Y wadnwenuazuray Saud@ilbivihduszansldlui

31, mnmsmaaaﬂﬁnﬁuﬁwﬁmﬁmﬁ'uﬂ%mmvhﬁ'u‘[um:ﬂaauu‘tﬁﬁwmﬁﬁu

2 nzilos niztlastuusnalasnlay ﬁnns:ﬂaaﬂalu@fﬁﬂ 20 %e 8 U U WANHE WA T

dalun

nizilald ANWATAUIN
T9lerenlal 93IBNNY
lagiia luBauazitunan
mnmi’\aagﬂ‘lﬁd’l

n. @nWNIHAAIMIITYUBIAUN

9. WRIDNARSNITIT NI TUDIAUON

f. ’nﬁmaaﬁuﬁ’mu@iaqnamwms

3. AuuszaawIlnadan ATy VeIaua)




v

32. Uai 2 talutSnlasanidiuntsasdauiasaadawatndiaueny
vafi 1 Hfedugowaw enniuiuaz 5 S RIET
var 2 Liinintawaun
& . & . o o \
negastalRostafialusFuimiohg fu wsdnngin
deh 1 damilaiadyduled
usfl 2 Ynfialiauysol Yinalaniiaseas
L3 e | b
mnmagaummm:a;ﬂm’]
N, NIRuTaWaw AT ks AvauuRILaaLAtaia
2. Ushaluvan2 lsadasas
a. amniuteh 2 higausuysal
AILANaMa LRz a NIz AUMIRIE I @

o

143



144

nuusadniIaafneIngdaaas

ArBune
1. woudszdiuisuin 30 98 luudsstoiitesineliifanasy 5 gasldiim
¥ 15 wifi
2. 'lﬁ’ﬁfm‘%uud'mﬁammLwia:"ﬂ'aLLé’aﬁmsm@iw'ﬁaﬂm%w:moﬁmﬂuj?mmae
ffﬂL’%ﬂumnﬁqmé’ﬁamm'%lammU v astuzasinuazlinisasuannnii 1 gaq

ﬁwau*’uaqﬁnl.%nu'l.ﬂﬁﬁa'lﬂgn-ﬁﬂ wazludnanamaSaniIngrsans




145

Eulliak)

AU
P
NINAFA

uila

JEVE: 1

" o L
itAudag
=
NAaR

1. TR IRFININORDIAITAWLFINYN 8L
- - L
nTzAasati

2. ﬁuamnj’hLﬁaﬁ'ln'ﬁmamu.ﬁwmxl,ﬂu

aeinaly

3. mﬂﬁl.'fﬁmmfoiaﬁﬂujuan‘[iaﬁ'uuﬁﬂﬁum

s J o =
NINATNVUUITLAELIAN

] o - o o P Lo
4, LTE]GU’NL'Sﬂ\‘lL&JﬂﬁﬂLWﬂuQﬂﬂulLﬂﬂu'LNELiﬂe

dfua:wmmuﬁuﬁu‘lﬁiﬁaqﬁfu

&4, a a9 '
5. VNASIAYHNMINARIaUBINIINIINANTS
naaasaniusgngls

V
o

a N ° L« )
6. auﬁﬂ’ﬂﬂ’ﬁﬂ’]ﬂ’ﬁﬂﬂﬂ@d“a’lﬂ‘]ﬂ'a'\‘ll.ﬁuﬁﬁﬂ

Yl"l‘YTlEJ

7 Sa‘ﬁ'ﬁ\i'ﬂ?ﬂﬁ?ﬂ@ﬂﬂdﬂ’ﬁﬁulﬁ]ﬂd?’m’] aein3

m*maiam

8 mﬂ-ﬂmmmewmmmwaunﬂmmmﬂu
aﬂﬁﬁﬂ LﬂuammEmLWﬁ:a:m'lﬂuanuu

LL’uaLmso'lﬂ

9. LLmJ.,mnmmnlumsﬁmmaﬂmm‘lums

naapsRwinwEise

10. LQJE]WUI?J‘Y]U?WIY\NTI BN @BIAN ‘jﬂﬂ'r"l’]

A E]ULL@.-Y]W]RQG“'WH@EJUHQ’]U ‘]’Jﬁ

1 . ﬂ’]'Sl]T‘LI&J BlALT Uﬁ'ﬂﬂu‘}’l LRASATIUARAY

EJEJ’]\‘JHJJ ! auwmﬂuaw NI

12 aunwhnwaasﬂmsmaaaﬂaumﬂmawa

'Q’m Tﬂ?"ﬂ@]ﬂﬂ\! ﬁul_l a‘uua HI9TALI

13, M HRUNA TN T8 el
vwa"nmmﬁaﬁuﬁ’uuwmmmuauwmmﬁfuﬁaﬁ

ﬂm@ﬂ

14 ﬂ']TSUﬁ‘L‘I’I']ILEﬂW’IiIﬂF]iU 5 %N"ﬂ«.ﬂ'ﬂ.%

5'Nﬂ’] pudausaaz laTuase I TATUT U

15, m'suaumuLﬂumﬁwnwaumﬂamwsm
‘5’1\‘1ﬂ’1 HAZW Ummimaau"ﬁmuaflmwauﬂa’lu
16. mMadsurorumun it

Us:lpmidantsdnm

17. wadawimisveseddiuaduar lsiaon

o
LW




146

NUNT

AUeE
A
anfige

3
uiila

TaiAu

laiRuean

=
Nﬁﬂﬂﬁsﬂ

T ' a Y
18. Tiiauduazliseunsialunsmauuiimn

AU

19, aupaNTuTafionaarNawasas Livindhife

CigLinlal

A a s oA g
20. WawuwikiRevasnmezhan b duiuily
Auamaziud 1ﬂ‘1@'ft.ﬂmg

. -l s d v 1 1 B
21, auilanunnalanassseulaslale
ATITNIU

r- L P o g
22, DRI RIATNE BIVININARDINRILATI
WuFenaasasyin

23. miﬁ'uﬁnwanwé’mnm’lﬁ”lﬁmnﬁq@rﬁ’aUlﬁ'

1 o ;
ﬂ’liﬁ'gﬂ“ﬂﬂﬁ'iﬂ@a'ﬂ{ld'l LA TALIUYU

24, \hinrsuastnuanulseassluunelszs

aduauanolunmmesas

25. winfedatanuionulesududalndiuie

w9 & [ = & A
ik Vig! ﬂﬂ'ﬂiKWG(LVIQ“GL?'Iuﬂﬂi’]llﬂﬂﬂ?-ﬂ%uﬂ

26. auwravlafiNantivvantaunniasnaunls

ﬂ%"uﬂ‘ga

1 ARAENAUNARTITAN Y IR AW L

28. mIanUssuazily Lauawammmaaoﬁﬂﬂﬁ

= -
LLanLLlauume

y e ' a
29, MIUBNLEITEITH RN M Inenasas
w oA & o P '
‘LWLLHLWBMLU%LSBGYIH’IQNH

A A ] A L U B = L
30, Wavnenludnlaudanvaldauauindu

guavinaua




uuulssdivuangas

ABUR9

Lmuﬂiztﬁwﬁngmi{ﬁwﬁ'vQ’r‘ﬁurmmu'l“ﬁ‘lun”ﬁﬂ'mﬁwé’ngmamuﬁnm
S:ﬁnﬂ’ﬁuuﬁnmmauﬁuﬁ'ﬁﬁﬂmmﬁmﬁﬁmﬁuﬁgsm’nmﬂmamimum:aaﬁ
Fudasaa LLuuﬂizLﬁuﬁﬁﬁgmjmmEJﬁ%’}ﬁ'ﬂujtﬁamnaaummmm:amta:m’m
FeanNaITznINasdlTznaumI guaamdngasuazanaidunangas Lﬁamﬁaﬁaﬁ‘lé’mﬂ
mﬁh:Lﬁu”lﬂﬂ%’uﬂ;om’f’lmﬁngm‘[ﬁaugstﬁﬁﬁmmaLﬂu 3 Aow

Aani 1 ﬂi:tﬁummmm:auiﬂﬂmsﬁmsmmuﬂsznammG]maam"ngm
Juminzaudssladuldun MANMIVBINANGAT IAIINUIYTVBINANGAT Tassaio dlom
13z AFiadszaumsalnisdoud Mefensin mhomaSou WA TN
ﬁaqﬂn‘m‘f mriauasszfines Srsduanaumnssudsi

]
=l

5 wneil Nemstdulienuminzauluszduiniias
4 wueie Nensdssfisianuwunzauluszauann
3 waieds Nomsddislienurnzruluszauyiunas
2 winshy Nomsdaminlanumnzauluszauias
1 wuwde 5'1umiﬂmﬁuﬁmmmm:auim:ﬁuﬁauﬁqﬂ
aowd 2 Uisfiuenugenadas unsRasanidnlsznausng g 1a9
wingayilianuseandaanuiesle Taofiszdunnusanadasmoil
+1 wanpie nemdsmdniianusaaadaany
0 wnefinemidsniuataliseandasdeiunasiu
1 wanafenemalsfiulizeandasieiuuaciu
aawd 3 Ummfivenudaduiuia ﬁgm;lmmmﬁalﬁ@%mmmwuammm
AaiurTolidaiauaunzdug ﬁﬂ:lﬂuﬂiﬂﬂ"ﬁﬁ@iamsﬂ{uﬂgaLLrﬂwﬁngmﬂﬁ‘ﬁifu
savaTase Uil
1. hwunendangas
RIWULAANGA?
RRGLaliraliblg
diew
wieMIEoud
ﬁaua:qﬂmnﬁ

myIawezlyziiiv

® N o oo s wN

aue



aaun 1 ﬂsztﬁumwumm:awawﬁngm

148

Nemsdsziin

TEAUAMBIRINERY
5 4 3 2 1
mﬂﬁqﬂ n | Ywnans | wiee ﬁauﬁgﬂ

1, %ﬁ’nmmamé’nqmﬁmm

NPV Y

2. ﬂé’ﬂmwamﬁﬂgmaamﬂﬁaaﬁu
L5 r-r-% a o
ANNGBINIIUFI ATz 1%

3. %ﬁnnﬁmamé’nqmmm:auﬁ’u
Or [ Thr-% A‘ e s
mswwm’lmnﬂwﬂuaﬁ'nu

4, qm,‘iwmwé’ﬂgmﬁmmﬁmw

5. gaaanansnangasiianuiiuly
Teuazivnlombfoswadanininly
5

3y

6. Lﬁamﬂé’ngmmmmnﬁ’uﬁ’mao

=

LI

32(
=

7. dowmangarmunzaunasily

U a3

8. ﬁﬁmimlmwiazwmﬁm‘:ﬁuuj
8.1 Mmﬂmiﬁ'uuj’ﬁ 1 NAUINIT

RAAULARTVIIDY

8.2 ﬁﬂmmiﬁﬂuj’ﬁ 2 WIAIWI5

DHNILINTBITIN

8.3 wiwmaFouin 3 Tanudad
nilam

4

8.4 ﬂmynm‘%uuj'ﬁ 4 1979

ATMNWLUNULODE

8.5 ﬁﬂmmiﬁuujﬁ 5 BUALT
auTnaule

3 el

8.6 minzm'm‘%uugﬂ 6 NIy

EjIﬁ:an%15




149

NN TUIzL®

TEEUAUNUNTAN
5 4 3 2 1
- w =
ninfga | ann | Yunans | des | desd G0

R < .
9. IﬂsuﬁﬂaLuammamanqm‘lmm
a:wﬂwmsﬁwﬁﬁmmmm:auﬁ
a:':hU'Lﬁ’mﬁ@ﬁﬁaﬂﬁnnwﬁﬂug’:

m‘sqtﬂmmﬂ

& a o
10. LuawImangasimunzaniy
ﬁ'@ummwaog (30

1. szs}:nm'lunmf%'uuﬂ"nwé'nqm
WANURUIZRY

A ' ;
12, mnmomamluuﬂ NEWUILNTT

L%quﬁmmmm:ﬁw

13. ﬁmumﬁamlmmuﬂ’m‘%wj
Gusdneuldagiamanzay

14, ﬁfﬂmmmn‘%‘uug”mm:mﬁ’u?&:

maag’ﬁnu

15. ﬁ%nsmmsﬁwj’mLa'%u'lﬁz.ﬁ@

NIzUIUNIEBUSULUACtive learing

16. undsFouzuru Tasomssu
WILBIARIUAATRA AT AIZRY
ﬁ’mﬁamﬁﬁngm

17. miﬁﬁuﬁnmudofﬁmj'qwﬂu
O TNITRIUNTZ 098 §IUI0Tae "]

RIPNEUNG VS EY]

18. ATNIRaulMLARAINTINAIT

ﬁuuiﬁmwmm:ﬁu

19. 'ﬁaua:qﬂnmfmﬁﬁﬂujmm:Lm'
i’waa;jﬁ‘ﬂu

- P a o
20. FauazguninimsiSuudinanzaw

AuLianiie




150

e vIUTzLB

TEAUANMUWNIETY
5 4 3 2 1
mﬂﬁqﬂ Wn | thunane | vae ﬁaﬂﬁqﬂ

] 3 = v
21. aaLLﬂ$Qﬂﬂ5Mﬂ'}§L5URE’H?H

dam’%n‘[ﬁlﬁ@mﬁﬁwj

22, St myiauazszifiunaluudaz
wismaTouilnnumanzauiuin
IG5

23 padUlsznavvasmAngasiay

N ENIAS N




] ~ .
@auN 2 Uit uaNuaaandng

151

TNIUTELAU

TEAUANURARAT DY

ROAARDY

Tainila

limaanans

1. mwm’mﬂuuanﬁmmwam an Eﬁ(@}?

Lihmnmm:qﬂq\mmwamﬁngm

. mwﬁ'uﬂmm:qmg:mm i} ﬂdﬂﬁﬂiﬁ@li

At A A’ -
X thﬂmu"uamangmnmuamdm

2
3
' L% o A o
4. q@};g‘mm By ﬂGﬁﬂﬂgﬂ?ﬂUL%E}%TJ"ﬂ’]
5
6

. '-gmjwmamamé’mjmﬁaﬂﬂﬁaoﬁuﬁamm

ﬂ’]il.%ﬂuj

& o ' a4 w
7. Luﬂ‘lﬁ'lﬂﬂﬂ'ﬂﬂi?l]‘luﬂu’lElﬂ’]ﬂiilug

8. Lﬁam%'mﬁ’uLLNums{f@msﬁﬁuj

9. ﬁﬁ]nisulumi’mﬂ'm%nujﬁuu.mmﬁmmi

= @
LIBUY

10. LLNumﬁmmsﬁﬂufﬁuﬁaLLa:thln‘mI

11. Lmunﬁ%’ﬂﬂm‘%nufﬁunwﬁﬂLm:ﬂmﬁuwa

12. Waw AT numsianas Uizt ueg

& € - [ L%
13. ﬁﬂLLﬂ:qﬂﬂiMﬂ15L5EIILEﬂUﬂ"ITJG]LLﬂ::

SRR

14, ﬁ%n‘ssuluﬂmUﬂ’lil,'%ﬂujﬁumﬁ@l.m:

SPEAR IR




152

=t a A = A A
@aun 3 UisiuanufaiuNuLAY

1. né’nmwawé’ngm .........................................................................................

M
o)
=
222
<o
=
s
—J
faid
=]
)
o
3
:)('
22
=
o)



153

AUEULD AMUTUHATIU MIAFIUTIN MIALT IV Dys

° &
ABUDY
a = = a = | r.‘l' ~ = =
1. Lmuﬁszwaqmnimnﬁl,muq%j’lummﬁuﬁnmt.ﬂumsawa'l.umm‘s:[,uqumnﬁwaa
ABouwnngdsziiu g dhe leun ddowlmiiuaues taw sz liugdiTou uszpmaulsmiingiioulu
szwinlfudfanssunistiaudanmn
<5 - =1 g J -~ lﬁl = 3 o = ﬁl S
wuuls: Luqucﬂnﬁumﬂ‘mug”lummﬁu%nmu Wuasasdiadsniudsziau Lwalﬁﬁnmu
L7 1 x.: kel ﬂ‘-: Ly ~| =3 o = 1 = 1 "
TaWauwawaariniu animseliaoumunuiiuess mmau*ﬂaaé’ﬂszmu‘[uﬁnmm:‘luﬁnama
Azunw RIS
2. lWsasmlinmomsdegauanuiiusasvinudiomlvesuus  aslugesiwlan
e W w
HABANUN AT IA Nz LU a3l

ar

Lmeamﬂﬁﬂ:Lmqumwmsﬁ“ﬂuj’l.umsﬁ'ﬂuﬁnmmaagﬁuu‘bﬁm waiRITIGadl

ﬂﬁlié’{]l,ﬂ(ﬂ 5 Asliisie 4 Azhlh 3 ALY 2 fIZULIbLL 1 AZLUU
AURWLD adlawamsusse | salananns aalafamsuisenn | laieslawens | o wnds
Tunlaliton u3sng AN | weamns aetiudin VIR Goud
arudm s Wawasutn § | ilewnfissnnedon | Tudinidaw
Fnowie Rl AVEENINUWAATT L?mgl]"lm%aa ol dasain (g
fmay Welwldshaay | dee Triaug 1y
A asann ufiln | annaeisiiie | Wessasiam o | Waseaan W | dme e
2 \fieman wanz Fanuny) Henangandivy | awng oy wnswng s Foud
warsmdoufann § JuAereuau | wolt Tuflevousrn | SuAarounu
Jufemeuaufinn | wamns fivin
¢
nsiEuI | dbefinssungy | dhiwfisns WHNIINNFLN UONIINNEL VI WAES
165 anmiAou naulad 50 @wasnhe ey | w1 1 Gowd
wsasnwfein | ilew sonana | Waanemudadin | #udaule g
TuSafidnen Aruuring
M Bunumadoya | sivrunadeys Furratarald | iurus bLisansoAv
swmTays 'L@Ta;:tﬁmmwﬁm IdaziBuawans | doolddand Toyaldlon | vunndoya
nnouaau 16 Uazdduar | essdegwonas | wn bl | 18ldsanen
Faz@aan § | diaedinfa wazlusaniienagny | dAguazlasl | fus
fpelsznay CRLTIgh] danlda
d3znau
S9BB e, dveiiiu

AULEY LB Qaau




154

- [ & [~ ] [ P
u.'umh:munnmmimmmﬂvgnqmmagtsuu

A g o w A = .
TOTIW s VAT N o WABY v Yo
ADBUDY )

1. wwulsadwinwemsvitueasditou hieFasolunsusidiunndnssusosiiou
nniuszidin g de 1éun Qt?uuﬂizl,ﬁumuma Lﬁauﬂﬁzl,ﬁmj'ﬁuu LL&:;"JJ"aauﬂsxLﬁugL?nuluizﬂéﬁa
U juananTsunmsFounsaeu luswinszmaiawiung

o . W - = A . [ a A v P
wudssiiunnsemahnassesdiTouis wedasdiadmiudsniu Lwalﬂ;‘funﬂmwmm
@mLaalu@‘ﬁuﬁnmmsﬁw’mﬁuﬁuﬁ'mﬁumwﬁu Ao IR RaUANAINTUITI AreauDs
9 [=Y L .Y 1= 1 =t
E']J'i:l.N%INNF-.I(HLLR:TN&INamaﬂ:u%%sl%ﬂ’l‘ﬂ'm%
2. IWietssdiumenidngemuanuinsedrinumommiuaiamen adlugasined
a 3 ) o a . o A‘
ATINUATMAUTEIIU AIAUAATURNIBTBIRUIYVENTZAUANH AT
5 WuAoDs AN 4 WNABDN & 3 BNAEDd Uunand 2 wenens wald

1 wanwlis eomUiunly

TEALATLUNL LW
TIUMNT

1 2 3 4 5

1. saudariienun Elil E]U’NMT"LJ‘U

2. ﬂguwwuwmmga"ﬂm‘n

3. SINURFIAMLAAA KDL AR E‘T&J

4. El B?J‘SUﬁdﬂT}ﬁJﬂﬂ W\WDE\GN au

5 1@ lll'ﬂ‘l_j Q'U I ‘H‘I"I‘;"Uﬁ.l ALRUIHIINN amum I.‘i'ﬂ

6. 'la'lim,a ﬂgmmma@nawaanau

7. NEIWTY Nl%ﬂ?i(ﬂi?'ﬁ] Fay ‘lJTLIlJE\N’W ‘H.T'Iﬂﬂd

8. Nﬁ?%??ul%ﬂﬁi'ﬁ ‘U'IJE]@] POUNWTDY "IJ'EJN’]’meJ

9 iJ'ﬂ’JWi'LIN@l‘ﬁﬂUl‘Lm’J’]&JaﬂLﬁ]LLﬂwﬂ'J’]NN@WR’IG]"lI E]Jﬂﬂ&l

10, mﬂmﬂam'ﬁnmmnawﬂ

AULDI RoEN Haan




I NI IS RN T BIIBHAN ISR AR NS SN

1556

o W a
UM szAumsisediu
Hinisan fun (5) A wold (3) denliulya (@ seandlulnm (n
Fd i Ed 3
I msitve msetundiom  (nefumdlon  [mseFuadionassd | nsefinmiiemimisz | nsoiuwmssial
dy =4 Y = 3 = ¥ kd ¥ = i ® l
ilom msziinnugnass |mszlinnugndesd nnwgndoanelduns gndeafiviudin  |gndpanaz Ty
a15e azdaTatmaunaz juazawnsolda [awrsoMaw lums nagidau i Ao sy
L E = v =) v v qw Y -
gunsalEawly | Tunsasuield afuwlaweld MU Y AseTenTe
a n v Y o o~ v
miatuie lapndne |gndewa liney tems 1a
MUy My
2. A3 le swiwlaoinig | 510 ladins 14 | swamTantinis 1 51091 Tnoiints 14 51097 Tae 13l
L ) . .
qunsel | Vdgdnsaliazde | gunsaluazde | gunseliasde gnsaiunzde mil¥gnsaiuay
a_ A ~ = =&
niade Usznsunis dsznauns Aszneunssnus | szrounisswai | Fodszneu
Uszneu | swawiigndes | swaugndosud | gndossazmunzey | gndeanazminzay
UBZIMINE TY Tunoozen | o Uneun
i
3. mIda lmseadidy finsindidy fimsdadwuduneu  [Dosuiaideluns [luimsuiaidely
F ]
5211 duantmazi e | Juasundaziite | lunstinaus Wdneld |tuauous Ligee msvinerusing i
MITINY Faeunndiwilon | sammugaaduy souen hifsoninzey |mzaudfuioni
¥ L d 1l ¥
minzauiuiions [Wevsiiuausd e naue
AtwaneuIn WOBUATT
4. M PISTINTUHEEN [ MITTHIIEAN [M3Tmaummizandu [masea dmuzan imsswau 'l
oo o e N | a e v PRy y ¥ a & . 1 3 @ Py
AfHuA fumiidmua 1a | dusaddmua 18 [ naidmue 18le [Buosddmus 1800 [meauionah
Toanudnfy lannwuddny ifieu | anudwaien anudion e vaz 'l
CERIEIT ASUBIN Tannudfng
a 3 o - .-
i~ I maduwmue | maldgdnsalwse | nudaszou ..
”B@ﬁu1‘lfﬂﬂf]i] & 4 FIDTMAOTHUA
ey #ailsznou A1551897U
NAUALIDY
D
........ ﬂqygwau




156

tnwain1sszfinnsialana (Presentation) nsiignaaanihafineg (Poster)

] = [
UWHIENITLS HHEYI 6

FUN AN

A szaumTUszn
CDRETITS FUAN (5) (4 walt (3) doauliintys (2) aoaunlulna (1)
1uwdu | madandszaud | nmdendindudl muBantedndl | mafendmiduds | nmBandmidnla
wWouws | anudiaula anuawla Tamu| erdhants wsla | livhaula fianufioates
vuass waasld | oadaananiu wasernnaanlvany | Wuads lideulss | fuifow wasly
Winflans Uselomi Houloy | Fenlszdrin fuTfadsdin e lassiiu
nS’umaammﬁ nufielszdiutie Figuszdrin
Fauloany
Findazdrdu
2.y msgbunadient  |mresunefiawians [metuisilawans: T o g P S —
wusun |mrlionwgndas (Senagnéasdua:  (flanwgndaavels  [aalise LIULEEE "L;ign@"aaua:hi
Wawt  [Fevmazanunio | mannldmeniuns [ussaunsoldmenlu | Srisanioldnnmn [eansolinewnls
e [Mnwlunns CIa TR msabinuldwald 163 m3sfngwIe
aFueladsnn Famsle
3. M3 masen nW R | maien W § maien nw & (Fosl nnden mw & swnsnidan
WiLaua | WRuauazmM s LHEIRAT AN wRrMwdsznauns | LEDaaznEn MW R DR
i diznaunis dsznaumaineue | dhwuassynsdoms| dizneumsiniaue | meUsEnountg!
feas | shusueusznnt | uszmiviessd Smunsrunazd Famsdeliwanzan | Fomsiumunzay
waz Zagns Daw MENZANLRSD AoIWNe Lt fiufiewianse fuiitewnanss
UMW L mansauuesd ATLIWE
AOINEINN
4. g (mmFenld mudanlfinaluladl {madanldinelulad [msdanlfinalulsd [madanls
walulal | malulad AVEWNALAZINT | STRMYALREMT  |FaEwmnduazns malulad
aaawng | esmwneuazns | semaluadesdelu | #oss Hwetasdis  Homniwedosfiol |asawnauasnis
WAZNY fommihuedadde | myvawwaeud | luniWawnsnud  mavaranuisls gesndueiade
Foms TN IWANEIL | ATURAINRRILUAS | ATINREINREILEA [IRNERUAUERO (N TG Ha
faruwmmame | mineaninEuens | manssuiuiuem YIEATIVRLIZHY
wazmwnzaunn  iludulng wald HAZIIANINY

WRINKERE




N13UILEUE Presentation

157

[ o
mM3LD
P sz msbuaus | mabaua N3 inalulad
FouEnngu . ¥ 4
LHEUWS Wamimsr | BeesuergUnIW | TEwne uas
nTFaRNT naiALiod
A
nRuIHaL
A3
L1}
ihafiine Poster
nslE
P U9z MIANEUS mMElaEuany malulad
TamEnNaL , ¥ p
: LW etz | RomsuaziUniw | mIEwnenss .
P naNAnLes
MsHOET
nauiau
........... o3
L1




Appendix 3
An extra science curriculum with emphasis

on community resources and lesson plan
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- uuﬁay;'lumimm (Poor) Methylene Blue 2ziURonnieolwaan 2 5211
- uu‘?iag'lummwalf (Fair) Methylene Blue 3zu/aouimeluiig 2 - 6

R e

wunagluiniad (Good) Methylene Blue 9xiu/Foudnioluiia 6 - 8
771409

uwﬁag’lummﬁlﬁﬂ (Excellent) Methylene Blue andBouinolunm
wnn 8 Flaa

8. \fannifsutufnuammassasSaudliiauenanumdnmaand lag
MInsNuaENTMEaIGewiungy g az 10 wifl
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ARAURZANIIENIDLNAAN W UY
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ANz
UaznN13
Wasukag

AN
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PYDIWIHY

a§ﬁnan11ﬂﬂaao

F;'lﬂ']&!‘ﬁ']ﬂﬂ‘l‘iﬂﬂ‘ﬂﬂﬂ

1. mnn’nm’mmuﬁm&lﬁﬂ"ﬂﬁﬂlmﬁumﬁﬁumnn’iﬂl.w*mmq'l@l?
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2. m'ﬂﬂﬁuuuﬂawaqmmzmn‘ﬁm‘ﬁﬁuugﬁmuﬁuﬁﬁﬂuﬁqmm;}ﬁmqﬁ’u
Jusgnvilinlae?
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WWIBN 5

= P @
BNTLIIFEINITOANLA

a = 2
FILAINANTOU]
wiodlsne? wndanla
v w -4
AT IRAINTEWIR
mﬂﬁmm%’amﬁaﬁﬂmuLau‘lmﬁua:ﬁgﬁuﬂ?ﬂuﬁmwauLﬁaﬁmmq
g L & A’ . I3
mMIAUINE UIRIY wieemile
1. mMswiReslad (Pasteurization) umslwanufaufissyinaie
= o fd' 6 [TRY <~ I o L 7] ] A A A’ ] [3 5
qauﬂmnm’lﬂmﬂhnmatﬂuWH leun wuafi3e Wam waz Das nywaeadlsdiin
o =3 r-3 - ] =) J 1 G s Qe
MIaeaUNIIas 95 - 99 % ﬂs:ammw'lumimmugauﬂ?ﬁmuagnummmjwuﬁ
i:ijqmnnﬂi‘ummm'luﬂ’ﬁemL%aq?}uﬂ%ﬂ‘ udsaamin Lmul“ﬁ'qmﬁgﬁﬁmﬁunmmu
{(Low Temperature Long Time, LTLT) LLa:uuu'l,'ﬁqmuQﬁgma']é’u (High Temperature
Short Time, HTST) RN uaNuTsuusdasmiiiiunuiineilasiumsnadadivle
'uaaq‘éuw‘%’ﬂuﬁmuﬁvlajvlﬁgﬂﬁqmU'IJJ ATEUAUNIWIALIDT Lsanrinlinuuuas
HRAA NN TR NEUIFAN TN TR 8T 138 uuFUArwNIzUIwMIn I aeadlsd ol
ANFNNIDTM STIWYNAUUNAY ‘3mi‘mmomnm'1ﬁfuﬁ;“1nﬁ'm’m InimMaaiaiug
W o o a &a ' . . o =
TWnsuaafidmue wurfiiefiSsninunsawaseslsd (Pasteurized milk) siaaifiuly

A =l

@Lﬁuumqﬂs:mm 370

-

SIS E) mﬁﬁ’l’[ﬁ'mbmﬂmamu"qﬂamgmﬂmumm{auﬁqmﬁgu
140 Wswlad (60 asmuaaidoa) uisuiuasnaias 30 wv ﬁ‘%aﬁqmwgﬁ 161
wiswlad (71.6 asmioaidog) Hwam 15 wf dlunsdifindesmriuaiianolasu
89 ﬂ’ﬁ'lﬁmuﬂ'nu%"auﬁqmwgﬁ 150 (65.5 aveiaaidag) wiswlad {uian 30 win
viagaunndl 166 wsulad (74.4 samiaidos) (Hwaa 15 wid AT
ﬁﬁmnqﬁmﬁﬁﬁlﬂuﬁﬁlﬁ ol indusaussdmusznavvesuntasuulasly
qmuﬂﬁﬁh“lumimama‘?l‘sﬁﬂzﬁwmm-%ﬂ ﬁaﬁﬁﬁa@luuuﬁamm
gy My wnaeeTlaligayseaed Ao
1.1 ¥i'ane pathogenic bacteria ﬂﬂ'ﬁﬁﬂﬁﬁﬁlﬁLﬁ@}Iﬁﬂﬂu oz
lsngad
1.2 aﬂﬂszmm@ﬁuﬂ‘%‘ﬁﬁa 9 ll¥lauas
1.3 viawmawlofens g luiug 1gu lipase, alkaline

phosphatase

a -~ 3 s J L
1.4 'ﬂ"]lﬁE]’]Ljﬂ’lil.ﬂl!‘iﬂ'l:ﬂﬂ?’)%']%‘ﬂ% (ﬂi:&l’]m 3



218

AAUNHNANY)
15 %’m:nqmau%‘lﬁ’mﬁauﬁﬁuuwﬂmuﬁﬁumﬁ
2. mianailsd (Sterilization) 1 IW3Fnsldaautewinynae
qauﬂ%‘ﬁﬁg\mmua:ﬂ’u&msﬁwmma«é’u‘l‘nﬁ ﬁﬂﬁuum'na‘%"liﬁﬁqmmwnwtﬁuﬁﬁua:
Lﬁn%'ﬂm"lﬁtﬂunmmuﬁqmmgﬁﬁm Tnomg’{wawmmmmnﬁﬂﬁwﬁﬁﬂﬁmuh
wozlnag ld mmﬁ%’mw'ﬁmuuﬁﬁmqmﬂﬁumuﬁ 2 956
2.1 mimaaTlidauwulunauzussy (in-container sterilization)
Lﬂuf‘a‘ﬁ'ﬁmiquaﬂﬁmﬂunwu: (nizilas) uazliamuiaugedsranm 116 svenuoaidos
Wwadszanu 20 wid Lﬁuﬁqmm“ﬁﬁ'm
2.2 szuugiasl (Ultra high temperature, UHT) Juasals
ATaugy 135-150 avaniraidos iwam 4-15 3w Lm”mmgmmumuuﬂaam%a
(Aseptic packaging) Temiusnilasiuuseuazaandiawle Lﬁnﬁqmm:;]ﬁﬁao Ui
fwsrsuuy s
2.2.1 TTUUHLBTALLLNIATI (Direct UHT system) Faui9
somiumaninlavhasluniasoes (Steam injection) LLa:n’]SWuwﬁﬂﬁm‘@\laﬁ’l (Steam
infusion) n13ftlavhusznBarmeidudarulavass yliniasmeieuiusindy uazdas
audamM I iiiue 1930137 (Flash cooling) mu'l,@‘i’qq;tywmﬂ AaaaSunoshi
ndudanler
222 szuuglerfiuuunaday (Indirect UHT system) szl
i‘fmw‘?aumﬂ'l,amfwgndqﬂnuLLNuﬁ%aNﬁfoﬁrﬁv’u LU RLEN s ue e (Plate
heat exchanges), LUUY® (Tubular heat exchanger) H%awaﬂﬁmfﬁ'ﬁl%ﬁﬂ I 5zuu
Scraped surface heat exchanger
NaﬂﬁmeﬁuugLa'nﬁﬁqmmmﬂn‘ﬁmmsﬁﬁlné’lﬁmuuwmma‘s"hfﬂa?
ﬁ%ﬁmm%’augaﬁl‘i Lifinadelviu Snadiniasdauinlaa uasdeoniiu Minlvlyséu

WFoamwiandasuasindausluuyunsdaanaznautasyin
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aunnd IR
ARG NGRS 2IFWLTU LIS
68.2 145 30 Wt
71.7 161 15 w1
88.4 191 0.1 Awh
95.6 204 0.05 w1
100 212 0.01 A
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2. | WG

3. Whole milk

4, Skimmed milk

5. Pasteurized milk

6. Sterilized milk

7. | UHT
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doldsnanaIau;

1. nizmummﬂ‘sgﬂuu

[

ﬁ’mu@uﬁmumi@mﬁ]ﬂmmwLLﬁaa:tﬁulumwuqmﬁnﬁﬂizmm 4 23en

& <

CRIGHE] LLé"ﬁqphum:munml,ﬂigﬂﬁauﬁﬁﬂﬂﬁwﬁﬂﬁm‘numﬁﬂau6]

1.1 uaasiliadn (Clarification) famywdafenisnwiedetmaulu
vhua e liliunnglwasivinm wielundnsmsiun Tasisimaaulyfietes
m;um"’i'm (Clarifier) 8819370433 Lﬁ"BLLEJm'\J‘uNG ITRIINEUN IR LU BININg Y
9N INUUY

1.2 n1SUENATN (Cream Separation)  (JwnsugnaIuaananiiuydy
Taolfie3asuonaia (Cream separator) Lﬂ“’::aauﬂnﬂ%uﬁﬁﬂi:ﬁﬂ‘ﬁmwgof] {aNIOUEN
luuaananiuldifoutmue wmdaluie luwawaniiog 0.02-0.05% ialosui s
nadnInLEneanin wedssnsnadumunsadiulilaTnadeiumsiidasmsle

1.3 Tala3lwidn (Homogenization) Aamisvnlwidialusuuanlonlfisia
Homogenizer tiaasuwiavandaluiulifuualasads 1 luaton wioidnniite
libvidaludwdemirudiwintwssstuluwmefiuimamislunbaTasiuume -
8719 Homogenize rianwianadtiaruibn

2. Tﬁauummuqam

mséy'ﬂsauuma’mqﬁmﬁm‘fmﬁaamnma:uuﬁummmﬁaTJ W.a. 2512 lay
ﬁwizmmmﬁamnﬁ‘hagﬁaqﬁwaaqaum'ﬂa mammﬁamwLﬁam”aumaagu‘ilﬁvm'[ﬂum
flimusndminsuusafingald Suwvaamdaaganiinanudainiszesnae 3ms
wiznjanlusandyldidiiumstomia laowszmmnudunasssineranunld
nnmMIFmhssusaailnundausrmaga s une I ATaa R N AR NUHY
ﬁnnu&lamﬁ%’u%amnam%n@%ﬂmu Humsuitfymuuduamadaunils
mzmﬂamﬁﬁlm:w"ﬂagﬁ”zgﬁwaaqammq whawzTrdufiunsatalssom Hatud 7
Fuan W.a. 2512 uasnisTrmuiain smuneaaudaTaen

JuAOUNITHAR

1. Tueawmidlaniosin: nﬁfi‘]'ﬂLm‘%uuqﬂmriua:i’mqﬁu
Tunaundaniseing mstedsugunInluazingiu FuUfiaeu

Tuan 03.00 u. lagiidminfiguaiuiandv(uusn) 4000-5000 Alansu anawnsal
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Tanunualn Lmemuaﬂamumﬂ (Cooling Tank) Lwam‘lﬂmmmwﬂrms}v.uﬂavlﬂ
TﬂuLmLﬂﬂtﬂiamnsmmmao?mﬂuuuammmuuaﬂnmﬂun']waﬂ Twiinhany
Azane MMmIarmIszmeny Tanedaas 2 78 uddRunndaluaunssuaums
firwnaly
2. MIITLRIUY
umwmnmumu Tﬂumuumnﬂamumﬂ duwviadauyliige
PEAULTINIEY sno‘nm,muuu'l@waamu"lammnwuaﬂum m'lwuu“lm‘umnmauummmms
stme wenshiudlanweananiu fmLﬂuiuuumimmuﬂ@amamuunnumamnm
Warhmsszmeuslszammily Ussano 3 $910s shuafiszmo g wdmifes o
MIATIVIAA MU Va8 Ma T uaIm Brix 'lmau‘l.mmmnmfnmmmuﬂn’mum
¥ b figenuduiumudaims S mautians uaP9de LNy
Lﬂmugw@lauﬂa'lﬂ
3. NTHUUL
Ul AimIHuuILIm 7.30 %, nwwuuuﬁua:ﬁaa@:mmam”aulﬁ’
aounnilaetie 100 ssraiomiinazoziam 45 wid miusanladon (Hot air) lulds
Meuwiuasdisasossuulauanausanludoeuuds %oﬁqmﬁgﬁ 103-108 adan AT a
EE A RIS IR ﬁﬂauﬁﬂuum:gﬂunm‘lﬂg&ﬁaﬁ’nw wazi i fiesthuangeanan
RnuILIIRlugINATREn sminuszanm 30 ﬁTan%’wqe
4. midaeses AetumanmIdemanyszaInaiesdng auUnsniua:
Niadauye fjﬁﬁuﬁaumm:tﬂuﬁv'umauﬁﬁwﬁtyu‘m’lun’nﬁnﬁm'nmzmm’gm:muuu
wdasdulimuglamhanuszanalsmuns fasliszerassiiimssaneuly
FudalylifiysednEmw awnannii gerlinnzfamuriedna g vldmsssmowutiuas
wlaldnmnmw
5. MIUTIIUATIINGRATII IR wrIRMILaanzuyld
QWaIRANTIIA 30 Alaniw/g Feluudariundaldszanm 560-700 Alanty doluss
Tiauuida ﬁﬂLﬂuuummsgm:ﬂaw:ﬁaaﬁﬂmlﬁlﬁmﬁ"]ﬁmaaﬁauqmmw Yinns
ararevluiFasraemiaray fenuBulazANIFzeIn o TaRaLIATIEINaMS
AIIVROUNIY Lﬁ'fmﬁ?]ﬁm:miguuNaaam:ﬂaaﬁ'mﬁ’nm:ﬂamz 1 Youd URzInaIT
aRIFumMsaly
3. Isaimauds
sl lsmmadunssruanssw 5 TaUIBIWITI AT IR
W.7.2530 lassmsdunszosdandasann ailnmeudatoundtounsenaounig

LﬂumsmﬁumnﬁUsawnmﬂﬂmﬁawmi’lazjﬁ":{]ﬁwa ONRULATY AKENITANITLING
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NRAA RGN 9 mﬂmmawa@mamummﬂmﬁauua"ﬂ’mﬂuﬂmmmmn@m.mn
wammunwumauwmﬂn‘lﬁwamnwn sEwimtnausulnmaGouimveiasiue
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wends undadnsidldannsanaznanlibdulunauiiGoniedy
(Casein) T@anﬁm%aagﬁuﬂ?ﬁl,aww: uaztdulodisliifiamsanaznauliudnwmsuos
Aaudafanarndohans Fonauuuniode (Curd) BAINIWINTMSFALETA 1iE
LmnmuﬁtﬂumaaLL"ﬁaaaﬂmﬂ"uaqmmLLé’ﬁoﬂnmﬁﬂlﬁtﬂugﬂi’mﬁmﬂu LAEILLT

wouiirdausniiviansuiede weuderiiamnien (Gouda Cheese) @aan
naaandausudiriaiia (Chedda Cheese) uaztusudoniiayauss (Processed
Cheese) %aﬁgmﬂs:mﬁmé‘nﬁa ﬁnLmLuﬂLLﬁoﬁﬁqmmwunwiaﬂuﬁ'm  nAu 58 W
Ltﬂigﬂ'lmi'l,ﬁlﬂuﬁuau%’umm;ju“’ﬂmmnﬂ'ru laslfinaudspfaimaniiningivlums
nRAWIzEEUIN ﬁﬂqﬁ’ua:‘bﬁluuuﬁmﬁmmmu,a:mauﬁwﬁﬂt%ﬂﬁ%ﬂm"@qﬁulumi
naauaudsplialyouss

Toean3n Thundasudiuuanudsfldmnmsnaudiunaulunisi
lasn3uTasmlusznoudis wdadmafornuy i shena ssvbtdwiladsn s
Tinos voaudsfilaisalodu ndu s us: & udnbhanlaludlud wiseeflsd oinifuri
TiRamsudem lauanduniastivlaania
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1. wudalsiaInlasin {Non — fat pasteurized milk) Lﬂuﬂﬁﬂﬁmﬁmﬁ
PINEMBBIMIRIINETIUNASUTT MU Tznan e luslu S tannn ue
gaxludonmimeaseiduasudulndidosiunusarnaly mm:ﬁm%’mgﬂﬂaﬁ
ANANEI Q@Taamimquiﬂwﬁﬂ HE901Y NMINRAT AN RN TE LMY
laludlug uszrImaas lsdud3nhusrgselunmus

2. wadna (Butter) \Dundnineid ldanniesufildaniatasusnasuanle
vazlgmilasondunannsatuilosiufifisnwasseslumdwi S owutasiwinly
ludu Taydufimabhedul s lunsdalaandsuasndaiiumn Weldlunsuiaus
TUR UG

3. Tuiian3ondia (Drinking Yoghurt) (iusda i msuufiinsiay
L%ﬂq‘ﬁun‘%‘ﬁm‘lﬂ Wollduwihemausnlagluuldidunsaudngn vlwidedulode
innfuﬁﬂmﬁﬂmmuuauﬁ’uﬁu%au ﬂ@au@ianﬁ'u 1o waubiiiuiiadon vmssiude
L uTTgaslumaue

4. WNTWRITH (Sweeten condensed milk) T uwnRanmrwuTUTuE Y
NIOUDNINIIRY Tﬂun’m@mfwmam‘lﬂLﬁa’ﬁwﬁmmqmnﬁﬁnm uazyin v a i
PR urslunaaamTiue tranzdmiuldlumswnwn

5. twpudsuazuuaila (Cheese and cracker) \IunaaAmusialdinouds
TALTIGY (Processed Cheese) Lm:wwﬂdmamﬁmmﬁﬂﬁagﬂ ﬁu'a’qwﬁg'lumiaa
WRIRAN

6. mmtﬁaﬂ;mwfwﬁﬂm (Processed Cheese Spread) LIwunudaly
LL@ieLﬁuLﬁmﬁ’uﬁ'wﬂﬁﬂﬁaglumuuﬂaﬁmumﬁa wifuduoudedulaifounis psglu
NRDIWANEEN

7. Tuidalosmdnuuiandn (Low fat set yoghurt) iluniasoi@iing
Laméagﬁuﬂ?ﬁqﬂjmwm‘lﬂ liAadulode leodunsuulude dafinslauoy
ralifszan 20-30% TiAtutenawsdaniolofeillelduouna gonss
FITNDI@

8. lasn3uluiiia (Yoghurt ice cream) \Jundaimsiuaniianudefiledan
myhausanloaniy Sdsznoudieuuan twaa siamanto msirnldmduils
\@eariu (Emulsifier) uazasfivhlWase (Stabilizer) tﬁugfﬁuﬂ%’zﬂmﬁﬂﬁﬂugauﬁﬁ
gumwinditaduluifie mnifuwauﬁ’mmw}‘g@aé’ﬂﬁﬂﬂﬁﬂ‘lﬁ’lﬁ@lmﬂ,lﬂaﬁa (Freezing)

Imnaﬂﬁ’um‘%aaﬂu"laﬂn%uLLﬁwmmﬁm
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Details of group working data
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Students’ activities
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Sample of students’ works
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Chanawat Bunnag. (2005). A Development of an Extra Science Curriculum with
Emphasis on Community Resources. Dissertation, Ed.D. (Science Education).
Bangkok: Graduate School, Srinakharinwirot University. Advisor Committee:
Assoc. Prof. Dr.Nason Phonphok, Assoc. Prof. Dr. Kanjana Chookruvong,

Dr.Manat Boonprakeb.

The main idea of this study was to investigate how improve of students in
learning science using community resources with the active learning approaches being
integrated into an extra science curriculum, The purposes of this study were as follows:

1) To develop an extra science curriculum with emphasis on community
resources (The Royal Chitralada Projects).

2) To measure and compare student's scores of achievement, science
process skills and scientific attitudes before and after an extra science curriculum has
been applied.

3) To evaluate an extra science curricuium for grade 8 with emphasis on
community resources.

This study was a research and development methodology. Research
methodologies were as follows:

1) Prepare the document concerning an extra science curriculum with
emphasis on community resources.

2) Design the curriculum.

3) The implementation of the curriculum.

4) Evaluate the curriculum and re-develop.

Method of learning activities are active learning approaches included inquiry,
cooperative learning and science communication. Learning contents are dairy farm,
milk, milk collection centre and dairy processing in community resources “The Royal
Chitralada Projects.”

The subjects were 69 students from Year-8 tevel (MS2) in the second
semester of the academic year 2004 from Chitralada School. Eight research instruments
are the assessment form of an extra science curriculum draft, an individual examination
paper for science learning achievement, an individual examination paper for science
process skills, scientific attitudes questionnaire, the behavioral observation form on the
field trip to community resources, the group working assessment form, the presentation

assessment form after the learning activities, and the science communication assessment



form. The statistics used in this study were defined in two categories: 1) basic statistics:
mean, standard deviation, and coefficient of variation and 2) statistics for testing
hypoiheses: t-test independent and t-test for one group.

The findings were as follows:

1} The evaluation of suitability and consistency of the draft curriculum
from experts’ marks indicated that the draft curriculum can be applied with students in
junior high school.

2) The students’ achievement post-test scores are significantly higher than
the students' achievement pretest scores.

3) The students’ science process skills post-test scores are significantly
higher than the students’ science process skills pretest scores.

4) The students’ scientific atlitudes post-test scores are significantly higher
than the students’ scientific attitudes pretest scores.

5) The behavioural observation average scores on field trip to community
resources are in a good and very good levels assessed by three groups of assessors,
which are students themselves, friends and teacher. The average scores of students by
three groups of assessors are fairly close.

6) The group working average summation and percentage are in a very
good level. The average scores in the third time of the assessment are higher than
those in the second and the first time by three groups of assessors, students
themselves, friends and teacher respectively. The coefficient variation {(C.V.) results
from these three groups of assessors in each time are not distinctly different from one
another and decline at every time when they were assessed.

7) The summation and percentage scores of the presentation after
learning activities are in a very good level. The average scores in the third time of the
assessment are higher than the second and the first time by three groups of assessors,
students themselves, friends and teacher respectively. The coefficient variation results
from these three groups of assessors in each time are not distinctly different from one
another and decline at every time when they were assessed.

8) The assessment results of science communication: presentation by
PowerPoint program and the use of Poster can be concluded that the percentage of
scores from three groups of assessors, students themselves, friends and teacher are in
a very good level. The coefficient variation from three groups of assessors are fairly

close.



it can be concluded that an extra science curriculum with emphasis on
community resources affected students’ achievement, science process skills and
scientific attitudes. Community resources play an important role in teaching and
learning. Learning atmospheres are both active and cooperative. In addition, they create

creative thinking in science communication.
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