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Srinakharinwirot University. Advisor Committee: Dr. Manat Boonprakob,

Dr. Chinda Tambunchong, Assoc. Prof. Chusri Wongrattana.

The purposes of this study were 1) to develop a leaner-centered science curriculum
on “Chemicals in Daily Life” for lower secondary students (grades 7-9) and 2) to assess the
effectiveness of the curriculum. The curriculum was developed under the research design of
Research and Development (R&D) consisting of 7 stages as follows: Stage 1: studying
basic data, Stage 2: curriculum design, Stage 3: curriculum evaluation by experts, Stage 4:
conducting a pilot study, Stage 5: curriculum implementation, Stage 6: curriculum evaluation
after implementation, and Stage 7: curriculum revision.

The curriculum is composed of six components: 1) principles of the curriculum, 2)
aims of the curriculum, 3) curriculum contents, 4) teaching-learning processes, 5)
instructional materials, and 6) assessment and evaluation. The curriculum contents
consisted of 7 learning units: 1) Household chemicals, 2) Hazardous substances, 3) Toxic
substances in the environment, 4) Pesticides 5) Contaminants in foods, 6) Hazardous
substance pollution, and 7) The impact of chemicals on health and environment. The
teaching-learning processes were based on the learner-centered approach using four
instructional techniques: 1) Cooperative learning, 2) Problem solving, 3) Teaching by
questioning, and 4) Small group discussion.

The experimental design of the Randomized Control-Group Pretest-Posttest Design
was used to assess the effectiveness of the curriculum. The participants were the
researcher, three coresearcher-tearchers, and three classrooms of eighth-grade students,
which were randomly selected from eight classrooms using cluster sampling. Two
classrooms were designed as the experimental group (experimental group : room 1 (45
students), and experimental group : room 2 (43 students)), which was taught with the
learner-science curriculum while the control group (46 students) was taught with the
traditional method of teaching. The two coresearcher-tearchers who taught the experimental
group were trained to use the curriculum before the instruction. The data were gathered
both qualitatively and quantitatively. The qualitative data were analyzed and interpreted in

terms of content analysis and the quantitative data were analyzed by using the program of



Statistical Package for the Social Sciences for Windows version 10.0 (SPSS for Windows
version 10.0).

The results of the study indicated that the curriculum was effective as shown by the
experts’ evaluation and by curriculum implementation:

1) The results of the curriculum evaluation by experts showed that the curriculum
was appropriate at the high level and the curriculum components were internally consistent,
and the lesson plans were appropriate for implementation at the high level.

2) The results of the curriculum implementation showed that:

2.1) The mean scores of the learning achievement of the experimental groups
were higher than those of the control group at the statistically significant .05 level.

2.2) The mean scores of problem-solving ability of the experimental groups were
higher than those of the control group at the statistically significant .05 level.

2.3) The students’ opinions of the experimental groups toward instruction showed

positive attitude with the mean scores at the high level of performance.



The dissertation titled
“A Development of Learner-Centered Science Curriculum on “Chemicals in Daily Life” for

Lower Secondary Students”

by

Numphon Koocharoenpisal

has been approved by the Graduate School as partial fulfilment of the requirements for the

Doctor of Education degree in Science Education of Srinakharinwirot University.

................................................... Dean of Graduate School
(Assistant Professor Dr. Pensiri Jeradechakul)

September 2005

Oral Defense Committee:

........................................................................................ Chair
(Dr. Manat Boonprakob)
........................................................................................ Co-advisor
(Dr. Chinda Tambunchong)
........................................................................................ Co-advisor
(Associate Professor Chusri Wongrattana)
........................................................................................ Reader
(Associate Professor Dr. Nason Phonphok)
........................................................................................ Reader

(Assistant Professor Dr. Naruemon Yutakom)



This study was financially supported by
The Institute for the Promotion of Teaching Science and Technology (IPST)
and

Srinakharinwirot University



Acknowledgements

This research could not have been possible without the assistance, support, and
guidance of many people. | wish to express my deep gratitude to my advisor Dr. Manat
Boonprakob for his very kind assistance, generous guidance and encouragement
throughout the course of this research. | am extremely grateful to my co-advisors Dr.
Chinda Tambunchong and Associate Professor Chusri Wongrattana for their valuable
suggestions, and generous assistance. Special thanks go to Professor Dr. Peter W.
Hewson, my supervisor from the Department of Curriculum and Instruction, University of
Wisconsin-Madison for his advice and assistance. | also want to thank my readers
Associate Professor Dr. Nason Phonphok and Assistant Professor Dr. Naruemon Yutakom
for their helpful discussion and valuable suggestions. Specific gratitude goes to Associate
Professor Dr. Prayong Pongtongcharoen for editing this dissertation and valuable guidance.

| extend appreciation to the five experts who evaluated and made suggestions to the
draft curriculum and the research instruments: Associate Professor Somchit
Savathanaphaibul, Associate Professor Dr. Prasert Sriphairote, Associate Professor Nipa
Sriphairote, Assistant Professor Dilok Dilakanon, and Ajarn Arunee Koonsombat. In
addition, | wish to thank the science teachers and the students of Phutthirangsriphibul
School who participated in this study.

Special thanks go to the Institute for the Promotion of Teaching Science and
Technology (IPST) for financial support throughout my study. In addition, | wish to express
my gratitude to many professors at Srinakharinwirot University for their valuable guidance
and generous assistance. Additionally, | would like to thank many people in the Science
Education Center at Srinakharinwirot University for their support, assistance, and
encouragement.

Finally my special thanks go to my parents, my siblings, my niece and my friends for
their love, friendship, understanding, encouragement and support throughout the entire

study. Without them, | would have never been able to achieve this goal.

Numphon Koocharoenpisal



TABLE OF CONTENTS

Chapter Page
1 INTRODUCTION . ..o e 1
Background of the Problem..................oooiiiiiiiiiiiie e 1
Research Objectives. ..o, 3
Significance of the Study...........ccooiiiiiii i, 4
Scope Of the StUdY........oiii i 4
Population and Sample..........c.coouiiiii 5
Variables. ... .. 5
Definition of Terms...... ..o 5
Theoretical Framework ...............oieiiuiieiiiei e 9
Research HypotheSes...........c.ouiiuiiiii e 11

2 REVIEW OF THE LITERATURE. ... 12
Reform of Curriculum and Learning in Thailand................................. 12

Implementing A.D. 2001 Curriculum and Improving the Quality of

Teaching and Learning Processes ................ccoeeeeeeuueeeeeennnn.. 13

Basic Education Curriculum B.E.2544 (A.D.2001)............cccuvveennnn... 13
Learning Substance and Standards of Science Subject.................... 14
Curriculum DeVeIOPMENt. ... ...t 14
Definition of CUrTICUIUM.............iiiii e 15
Models for Curriculum Development.............ccouiiiieeiiiieeieieeeeen . 15
Research on Curriculum Development...........cc..oveveeeeiieeeiieeeien. 18
The Learner-Centered APProach..............ccceeeveuieeeieiiiieeeeeiiieeeeeen 20
Learner-Centered CUrmfiCulUM................cooeiiiiiiieeiiiie e 20
Learner-Centered Curriculum Development...................coooiiii, 21
The Learner-Centered Curriculum Process...............ccceeeeviieeeeenin. 22
Learner-Centered Psychological Principles.................cccoeevueeeeenn... 24
Characteristics of Learner-Centered Classrooms.............cccovvuinnns 26

The Comparison between Learner-Centered and Teacher-Centered

NS UCHON . - et e, 27



TABLE OF CONTENTS (Continued)

Chapter Page

2 REVIEW OF THE LITERATURE (Continued)

The Learner-Centered Approach (Continued)

A Model for Designing Learner-Centered Instruction....................... 28
Research on Learner-Centered Approaches..............cc.cocveiinannn. 29
Instructional Techniques based on the Learner-Centered Approach.. 32
Cooperative Learing.........c..oeuiuiiiiiii i 33
Problem SoIVING.......ccuiiiiie e 40
Teaching by Questioning...........coiiiiiiiiiii 44

Small Group DiSCUSSION. ... ...vueneeiee et eeeeas 48

The Literature on “Chemicals in daily life”..................ccooiiiiiin. 51
3 RESEARCH METHODOLOGY........ciiiiiiiiii e 54
Stage 1: Studying Basic Data ..............coeuuiiieiiiiii e 56
Stage 2: CUrriculum DESIGN..........uuieieeeeee et o7
Stage 3: Curriculum Evaluation by Experts............cc.ccooooiiiiiiiiinnnnn 67
Stage 4: Conducting @ Pilot Study...........ccvoiveiiiiiiiee e 70
Stage 5: Curriculum Implementation...................ceeeeeiiiiieeeeeiiee e, 71
Stage 6: Curriculum Evaluation...............c..oeeevieeeiiiiieeie e [
Stage 7: Curriculum REVISION.............ivueieiee e, ”
4 FINDINGS. .....cooiiiiiiiiiiiiii ettt 78
Section 1: The Results of Studying Basic Data...................cocoiiiinni. 78
Section 2: The Results of the Curriculum Design..............cocooiiiiiinnt. 80
Section 3: The Results of the Curriculum Evaluation by Experts............ 81
Section 4: The Results of Conducting the Pilot Study.................cc...... 84
Section 5: The Results of the Curriculum Implementation..................... 85
Section 6: The Results of the Curriculum Evaluation .......................... 97

Section 7: The Results of Curriculum ReVISION...........eeeeeeeeeeeeieeeeen., 98



TABLE OF CONTENTS (Continued)

Chapter Page
5 CONCLUSION AND DISCUSSION. ...t 99
Research ODJECHIVES. .........cuuiiiiiie e 99
Research Hypotheses ..., 99
Research INStrUMENtS ..o e e 100
Research Methodology..........oovviiiiiii e, 100
CONCIUSIONS. ...t e, 102

DS CUSSIONS. - . e ettt e et e e e e e 106
ReCOMMENAAtIONS. ... e 114
BIBLIO G RAPHY . .o 116
AP P EN DD X o 127

VT A 260



Table

1
2

10
11
12

13
14

15
16

17

18
19

20

LIST OF TABLES

LEARNER-CENTERED PSYCHOLOGICAL PRINCIPLES
COMPARISON OF TEACHER-CENTERED AND LEARNER-CENTERED-
PARADIGMS
THE PROCESSES OF TEACHING, LEARNING AND THE DESIGN OF-
INSTRUCTION

THE FRAMEWORK OF INSTRUCTIONAL TECHNIQUES FOR LESSON

EXPERIMENTAL DESIGN (THE RANDOMIZED CONTROL-GROUP

PRETEST-POSTTEST DESIGN)
THE SCHEDULE FOR THE CURRICULUM IMPLEMENTION

DATA OF LEARNING ACHIEVEMENT PRETEST SCORES
ANALYSIS OF VARIANCE RESULTS FOR PRETEST SCORE OF

LEARNING ACHIEVEMENT TEST AMONG GROUPS..............coccivenee

DATA OF PROBLEM-SOLVING PRETEST SCORES
ANALYSIS OF VARIANCE RESULTS FOR PRETEST SCORE OF

PROBLEM- SOLVING TEST AMONG GROUPS.........ccooiiiiiiiiieenn,

DATA OF LEARNING ACHIEVEMENT POSTTEST SCORES
ANALYSIS OF COVARIANCE RESULTS OF LEARNING ACHIEVEMENT

TEST AMONG GROUPS. ... ..o
RESULTS OF PAIRWISE COMPARISONS OF THE DIFFERENCE OF

THE LEARNING ACHIEVEMENT SCORES
DATA OF PROBLEM-SOLVING POSTTEST SCORES ........cccociiiiiiinennn.
ANALYSIS OF COVARIANCE RESULTS OF PROBLEM-SOLVING TEST
RESULTS OF PAIRWISE COMPARISONS OF THE DIFFERENCE OF THE

PROBLEM-SOLVING SCORES ..ot
21 STUDENTS’ OPINIONS TOWARD THE INSTRUCTION

QUESTION TYPES BASED ON BLOOM'S TAXONOMY ......ccovviiiiiiiiiinienen,
LEARNING UNIT FOR THE SCIENCE CURRICULUM...........ccovviiiiiien,

THE RESULTS OF CURRICULUM APPROPRIATENESS EVALUATION.........
THE CURRICULUM CONSISTENCY EVALUATION.......ocoiiiiiiiiiiiieee,

29
46
59

60

71

75

82

83

86

86
87

87
88

88

89
89

90

90



LIST OF FIGURES

Figure Page
1 The Theoretical Framework....... ... 10
2 A Model for Curriculum Design of Taba............ccooiiiiiiiiiiiiie 16
3 The Curriculum Planning Process of Saylor and Alexander.................... 17
4 The Conceptual Framework for Curriculum Development....................... 55

5 The Conceptual Framework of the Curriculum Implementation................. 75



CHAPTER 1
INTRODUCTION

Background

According to the Office of the National Education Commission [ONEC] (1999a :
Online), a published report on the study of science education carried out by the Ministry of
Education revealed that school science education in Thailand needs to be improved in both
content and teaching-learning processes. In addition, Pisarn Soydhurum (2001 : 16) pointed
out that science learning skills of both primary and secondary students are rather low.
Science teaching and learning still emphasizes rote learning rather than the development of
the critical thinking and essential learning skills.

Thailand has announced the National Education Act in 1999 and Amendments
(Second National Education Act B.E. 2545 (2002)). The 1999 National Education Act
serves as a basis for the education reform of Thailand. One of the important aspects of the
national act is learning reform. According to ONEC (1999b : Online), learning reform is at
the heart of education reform. This reform tries to create learner-centered learning which
focuses on helping students develop independent thinking and analytical skills as well as
promoting the development of students’ ability to think and learn through interactive
education in the classroom. The main goal of learning reform is to help increase the
capability of teachers using learner-centered and participatory learning principles.

The National Education Act of B.E. 2542 (A.D.1999) authorizes the application of the
Basic Education Curriculum B.E. 2544 (A.D.2001) (The national core curriculum), which
provides a framework for the development of the school curriculum. Educational institutions
must establish their own curricula on the basis of the substance and standards stipulated by
the Ministry of Education. Learning reform according to the National Education Act
A.D.1999 will focus on the learner-centered approach. The goals are to foster the well
balanced development of each individual as learner is the most important. Learners shall be
encouraged to develop themselves in line with their natural inclinations, and to fully realize
their own potential (Ministry of Education. 2002 : 1-3).

The learner-centered approach aims to enhance the learning process of the learners
by creating a learning environment and situation regarding the students use and to enhance

their learning skills such as critical thinking and problem-solving skill (Coombe; & Kinney.



2003 : Online). In addition, the application of the learner-centered approach helps teachers
develop schemes of work and use new teaching and learning strategies and assessment
methods for classroom activities that develop critical thinking.

Learner-centered teaching prepares students to become life long learners by engaging
them to seek knowledge by themselves. In addition, teaching based on learner-centered
approaches promotes students’ use of various learning skills such as reading, writing,
thinking, gathering data, analyzing data and presenting data as well as working in group
and using communication skill with each other. According to the Ministry of Education
(2002), a development of curricula using learner-centered approaches to promote the
development of all students’ capability is necessary.

Therefore, the researcher aims to develop the science curriculum based on learner-
centered approaches. A learner-centered approach is founded on the concept that the
learner is central in the learning process. Learners learn primarily because of what they
bring to their classroom experience in terms of their perceived needs, motivations, past
experiences, background knowledge, interests, and creative skills. Learners are active as
opposed to passive recipients of knowledge. They may assume a decision-making role in
the classroom, often deciding what is to be learned, through which activities, and at what
pace. Teachers, on the other hand, act as facilitators, helpers, and resources (Campbell; &
Kryszewska. 1992).

According to the curriculum orientation guidelines of the Basic Education Curriculum
B.E. 2544 (A.D.2001), developing curriculum and instruction should be focusing on:

( integrating content from daily life

( making greater use of activities, rather than textbooks

(c) using different learning materials in a variety of ways

( making students the center of learning activities

( reducing explanation and helping students construct knowledge from various
sources.

The science curriculum content of this study was based on the Basic Education
Curriculum B.E.2544 (A.D.2001) in which the subject of science consists of 8 substances.
For this study, the researcher focused on Substance 3: Properties of Matter standard 3.2
for lower secondary students (grades 7-9) in the topic 4 which is about chemicals in daily
life and the impact of chemicals on health and environment.

Scientific knowledge and rapid technology advancement have caused tremendous

changes. Nowadays, chemicals are involved in everyday life, such as in industry,



agriculture, public health, consumer products, household products and so forth. Many of
these chemicals are used for a variety of purposes in Thailand.

Most chemicals used in a society are harmful to man and can affect the environment
in various ways. Chemicals are involved in most products and industrial processes today,
and the use of chemicals without the awareness of their toxicity has increased dangerously.
Some chemicals are broken down very slowly by natural processes and can be
accumulated in the food chain (Norwegian Pollution Control Authority. 2003 : Online).

Chemicals pose a wide range of health hazards. There is increased focus on food
quality and safety. Recent years have witnessed increased focus on pollutants in food and
residues of pesticides in food products. At present, the rapid growth of science and
technology in Thailand especially, advancement in developing multiple kinds of chemicals
including products made of chemicals is causing changes in human living. Some kinds of
chemical products can be harmful to human health and the environment. The Thai
government realizes the importance of the dangers of chemical substances. The
government has assigned many units to cooperate and stimulate everybody to think more
about safety and security in using chemicals (The Public Relation Department. 2003 :
Online).

For these reasons, as a science teacher, the researcher has realized the necessity of
developing a science curriculum, improving teaching-learning processes as well as
assessment and evaluation in order to increase the awareness of harmful chemicals and at
the same time to increase the quality of Thai education. Therefore, the researcher aimed to

develop the learner-centered science curriculum on “Chemicals in Daily Life”.

Research Objectives
The main purposes of this study were:
1. To develop a leaner-centered science curriculum on “Chemicals in Daily Life”
for lower secondary students (grades 7-9).
2. To assess the effectiveness of the curriculum by means of:
2.1 Curriculum evaluation by experts before curriculum implementation regarding the
appropriateness and consistency of the curriculum components.
2.2 Curriculum evaluation by curriculum implementation assessing:
2.2.1) The comparison of learning achievement between the experimental group

using the learner-centered science curriculum and the control group using



the traditional method of teaching.

2.2.2) The comparison of problem-solving ability between the experimental groups
using the learner-centered science curriculum and the control group using
the traditional method of teaching.

2.2.3) The students’ opinions of the experimental group toward the instruction

based on learner-centered approaches.

Significance of the Study

This study could provide teachers with valuable information on science teaching
through the learner-centered science curriculum on “Chemicals in Daily Life”. The result of
this study could be used in designing future learner-centered curriculum and learner-
centered teaching. This study provides insights into how to improve teachers’ teaching and
students’ learning which lead to effective learner-centered classrooms. Also, it may facilitate
teachers’ ability to shift from traditional teacher-centered instruction to learner-centered
instruction. In addition, exploring data on the content of learner-centered curriculum
development and the teaching strategies based on the learner-centered approach help
educators and teachers understand the principles of the learner-centered approach.
Designing learning activities based on the learner-centered approach helps classroom
teachers understand effective ways in which to facilitate learning with their students.
Furthermore, the application of the findings in this study has the potential to provide
students with learning skills involving the learner-centered approach and active learning
through the use of multiple learning activities and the enhancement of the learner’s ability to

engage in the process of lifelong learning.

Scope of the Study

Population

The population for this study consisted of 368 eighth-grade students from eight
classrooms (approximately 45 students per classroom) of Phutthirangsriphibul School
located in Chachoengsao province in Thailand.

Sample

The samples were three classrooms of eighth-grade students (134 students) studying
in the second semester of the 2004 academic year of Phutthirangsriphibul School located in

Chachoengsao province in Thailand. Three classrooms were randomly selected from eight



classrooms using the cluster sampling. Two of the classrooms were randomly assigned as
experimental group taught with the learner-centered science curriculum and the other one

as the control group taught by the traditional method of teaching.

Variables

1. Independent Variable was the instruction which divided into two types:

1.1) The instruction using the learner-centered science curriculum on “Chemicals
in Daily Life” that was developed by the researcher.

1.2) The instruction using the traditional method of teaching.

2. Dependent Variables were:
2.1 Learning achievement
2.2 Problem-solving ability

2.3 Students’ opinions toward instruction

Definition of Terms

1. Learner-Centered Science Curriculum means the plan of course that focuses on
the learner as the most significant person in teaching-learning process. The important
issues in the concept of a learner-centered curriculum are the interests, needs, problems,
and concerns of the learner. A planning for curriculum uses learners’ background
knowledge and experiences as a starting point for curriculum development. Learners are
involved in the decision-making process regarding the content of the curriculum, learning
activities, assessment and evaluation. The curriculum consist of six components : 1) the
principles of the curriculum, 2) the goals of the curriculum, 3) the curriculum contents, 4)
teaching-learning processes, 5) instructional materials, 6) assessment and evaluation. The
content of science curriculum was based on the subject of science of the Basic Education
Curriculum B.E.2544 (A.D.2001), Substance 3: Properties of Matter, Standard 3.2 for lower
secondary students (grades 7-9), topic 4 which is about chemicals in daily life and the
impact of chemicals on health and environment. The curriculum contents consist of seven
units: 1) Household Chemicals 2) Hazardous Substances, 3) Toxic Substance in the
Environment, 4) Pesticides, 5) Contaminants in Foods 6) Hazardous Substance Pollution
and 7) The Impact of Chemicals on Health and Environment. Four instructional techniques
consisting of cooperative learning, problem solving, small group discussion and teaching by

questioning were used for teaching-learning processes. To be consistent with learner-



centered approach, measurement and evaluation for this study used authentic assessment
and a variety of assessment methods such as observations, questioning and asking,
worksheets, students’ group working, students’ group discussion, students’ presentation, as
well as self-evaluation.

2. Curriculum Development means the process of curriculum development that is
adapted from Saylor and Alexander's model, and Taba’s model including using the concept
of learner-centered curriculum development as a guideline in designing the draft curriculum.
The processes of curriculum development consist of seven main stages: Stage 1: studying
basic data; Stage 2: curriculum design; Stage 3: curriculum evaluation by experts; Stage 4:
conducting a pilot study; Stage 5: curriculum implementation; Stage 6: curriculum evaluation
after implementing the curriculum, and Stage 7: curriculum revision. For Stage 2
:Curriculum Design, Designing the draft curriculum consisted of seven steps: 1) Needs
assessment of learners, 2) Formulation of the principles of the science curriculum, 3)
Formulation goals of the science curriculum, 4) Selection and organization of curriculum
contents, 5) Selection and organization of teaching-learning processes, 6) Organization of
learning activities and instructional materials, and 7) Determination of assessment and
evaluation.

3. Learner-Centered Approaches means the methodology of planning the curriculum,
instruction, assessment and evaluation that focus on the significance of learner, learners’
real-life needs; learner responsibility, motivations, past experiences, background knowledge,
and interests. A learner-centered approach is the process that encourages learners to
participate in learning activities and promotes learner to be able to construct their own
knowledge. Learners have participate interaction within working group, develop
communication skills and use the problem-solving skills as well as critical thinking skills.
The instruction promotes learning through understanding in which teachers act as
facilitators. Using a variety of instructional techniques is one of the principles of learner-
centered approach. The teaching-learning processes consist of 3 steps: 1) Introduction
step, 2) Learning activity step, and 3) Learning-summary step and using the authentic
assessment to assess students’ ability throughout these three steps. Students can learn
and construct knowledge through four instructional techniques: cooperative learning,
problem solving, small group discussion and teaching by questioning.

3.1) Cooperative Learning means a learning method in which students are

arranged in small, mixed-ability groups to work together and help each other learn the



assigned learning materials. Classes are divided into small groups with 4 to 5 members to
work together on the assignments such as group reports, group presentations, designing
brochures and bulletin boards. Groups have an interdependent structure with high individual
accountability.

3.2) Problem Solving means a learning method in which students work together
in small group of 4 to 5 students to solve problem situations on the assignment related to
what they are learning such as household chemicals, pesticides and the impact of
chemicals on health and environment. Each group was provided with worksheet of the
problem situations and questions. The problem-solving process according to Weir' s method
was adapted for use in the instruction consisting four main steps: 1) Statement of the
problem, 2) Defining the cause of the problem, 3) Searching and formulating a plan to solve
the problem, and 4) Summarizing the result of problem solving and applying it in daily life.

3.3) Small Group Discussion means a learning method in which students learn
both through instruction from their teachers and through interaction with each other.
Students express the idea and state a personal opinion or perspective in the group. The
group also provides opportunities for individuals to speak in front of others and to receive
feedback from teachers and peers. Students apply abstract ideas and think critically about
what they are learning. Students work in small groups of four or five to discuss and work
together to complete worksheet or assignment and also present their ideas on a topic.

3.4) Teaching by Questioning means a teaching method that the teacher use
questions to involve students in the lesson, to promote students’ thinking and
comprehension, to review important content, to emphasize key points, to control students,
to motivate students to pay attention and to assess student progress. Questions were
asked at the beginning of a lesson, during a lesson, and after a lesson. Questioning was
used continuously in an informal way during instruction to monitor student understanding
and to motivate thinking and communication skills as well as promote classroom discussion.
Questions are six types 1) Knowledge, 2) Comprehension, 3) Application, 4) Analysis, 5)
Synthesis, and 6) Evaluation.

4. Curriculum Evaluation means the process in assessing the effectiveness of the
curriculum, which divided into two main steps: 1) curriculum evaluation regarding the
appropriateness and consistency of the curriculum components by experts before

implementation, and 2) curriculum evaluation after implementation based on the following



criteria:1. Students’ learning achievement, 2. Students’ ability in solving problems, and 3.
Students’ opinions toward the instruction based on learner-centered approaches.

5. The Effectiveness of the Curriculum means the quality of the curriculum being
assessed using these criteria:

1. The curriculum evaluation by experts before implementation shows the result that
the draft curriculum is appropriate at the high level and there is consistency
among the curriculum components.

2. Students’ learning achievement of the experimental group after learning has a
higher score than that of the control group with a statistically significant difference.

3. Students’ ability in solving problems of the experimental group after learning has a
higher score than that of the control group with a statistically significant difference.

4. Mean scores from the Student Opinion Questionnaire toward Instruction of the
experimental group have high level of performance.

6. Students’ Learning Achievement means knowledge and ability in learning from the
science curriculum on “Chemicals in Daily Life” by measuring learning achievement through
the use of pre-and post-achievement test that the researcher developed. The achievement
test consisted of 30 items of multiple-choice questions each of which has four alternatives.
The test consists of four types of questions: 1) knowledge, 2) comprehension, 3)
application, and 4) analysis.

7. Students’ Ability in Solving Problems means knowledge and ability to solve
problems related to the contents that the students have learned as measured by the
Problem-Solving Tests that the researcher developed. The problem-solving test consisted of
7 problem situations and four open-ended questions in each

8. Students’ Opinions toward Instruction means feelings or thoughts of students in
the experimental group toward teaching-learning processes, the content, instructional
materials, assessment and evaluation. These data were obtained from Student Opinion
Questionnaire toward Instruction based on Learner-Center Approaches that the researcher
developed.

9. The Traditional Method of Teaching means the regular teaching method of the

science teacher who teaches science to the control group.



Theoretical Framework

From reviewing the related literature and diagnosing the problems of education in
Thailand, it was found that The Thai Ministry of Education realized that science curriculum
and teaching learning processes need to be improved and developed. The educational
reform focuses on making the curricula and instruction more learner-centered, to connect
the school to real-life situations, and to emphasize understanding and thinking rather than
memorization. The learner is the key part of teaching-learning process as stated in the 1999
National Education Act and the 2001 Basic Education Curriculum.

In order to solve the problem about inappropriate curriculum and ineffective teaching-
learning process in Thailand, the researcher aimed to develop learner-centered science
curriculum on “Chemicals in Daily Life”. Designing the curriculum, instruction and
assessment was based on the learner-centered approach.

Designing the curriculum advocating active learner-centered classrooms using a variety
of instructional techniques which encourage problem solving; creativity and critical thinking
challenges students to learn and to construct their own knowledge. Teaching-learning
process encourage student to participate in learning and promotes students to learn and
work with others with various learning activities. Students are able to improve their
communication skills by participating in discussion and working as team. Students have the
opportunity to investigate, gather, analyze and summarize information as well as presenting
their information in front of classroom. Four instructional techniques based on the learner-
centered approaches were used in classrooms: cooperative learning, problem solving, small
group discussion and teaching by questioning.

The main purpose of this study was to develop the learner-centered science
curriculum on “ Chemicals in Daily Life”. The processes of curriculum development in this
study were adapted from Saylor and Alexander's model, and Taba’s model including using
the concept of learner-centered curriculum development as guideline in designing the draft
curriculum. The process of curriculum development consists of seven main stages as
follows:

Stage 1: studying basic data for curriculum development
Stage 2: curriculum design

Stage 3: curriculum evaluation by experts

Stage 4: conducting a pilot study

Stage 5: curriculum implementation
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Stage 6: curriculum evaluation after implementation

Stage 7: curriculum revision

The theoretical framework of this study is shown in Figure 1.
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Science learning achievement and science

Y
l - literatures g learning skills of Thai students are rather low
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consisting of 7 stages as used to assess the effectiveness of the
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1) Studying basic data for Independent Variables
curriculum development 1. Instruction using the learner-centered
2) Curriculum design N science curriculum on “ Chemicals in Daily
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5) Curriculum
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7) Curriculum revision

Life” (Experimental Group)
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secondary students (grades 7-9).

The Learner-Centered Science Curriculum on “Chemicals in Daily Life” for lower

Figure 1 The Theoretical Framework
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Research Hypotheses

The hypothesis of this study was:

The learner-centered science curriculum on “Chemicals in Daily Life” for lower
secondary students is effective according to the following criteria:

1. The curriculum evaluation by experts before implementation shows the result that
the draft curriculum is appropriate at the high level and there is consistency
among the curriculum components.

2. Students’ learning achievement of the experimental group after learning has a
higher score than that of the control group with a statistically significant difference.

3. Students’ ability in solving problems of the experimental group after learning has a
higher score than that of the control group with a statistically significant difference.

4. Mean scores from the Student Opinion Questionnaire toward Instruction of the

experimental group have high level of performance.



CHAPTER 2
REVIEW OF THE LITERATURE

The main purpose of this study was to develop a learner-centered science curriculum
on “Chemicals in Daily Life” for lower secondary students (grades 7-9). To contextualize this
study, the relevant literature was reviewed to gain knowledge and understanding for use in
developing the curriculum. This chapter provides the relevant literature consisting of four
major domains: 1) Reform of Curriculum and Learning in Thailand 2) Curriculum
Development, 3) Learner-Centered Approaches, and 4) Literature on “Chemicals in Daily

Life”.

1. Reform of Curriculum and Learning in Thailand

The Thai Ministry of Education launched “Curriculum and Learning Reform” in 1996,
since then the reform has been put under the policy to upgrade the quality of learners. The
processes of raising education quality are organizing teaching and learning processes that
inculcate in youth the desirable traits as prescribed in the objectives of the education
reform. In 1999 the National Education Act of B.E. 2542 is launched in accordance with the
Constitution of Thai Constitution of Thai Kingdom B.E. 2540. This act of education led to
the Basic Education Curriculum being promulgated in 2001. The Basic Education
Curriculum B.E.2544 is the national core curriculum, the goals of which are to develop
learners in 4 areas:-morality, intellectual growth, quality of life, and competitive ability. The
main focuses are:-to accelerate the potential of learners; to enable them to live a happy life
according to the basis of good citizenship of the country and the world; to develop their
professional or vocational abilities; to be able to make appropriate decisions for furthering
their advanced education in line with their competencies, interests and experience. The
national core curriculum provides a framework for the development of the school curriculum.
Educational institutions must establish their own curricula on the basis of the substance and
standards stipulated by the Ministry (Ministry of Education. 2002).

Therefore each educational institution shall formulate its own curriculum which
comprises learning and other experience planned for learner development. These shall be
based on the “core basic education curriculum standard” which is essential for school

curriculum management.
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Implementing A.D. 2001 Curriculum and Improving the Quality of Teaching and

Learning Processes

The 1999 National Education Act authorized the implementation of the Basic
Education Curriculum B.E. 2544. Condition and the time-frame for application are as below:

The curriculum shall respond to social and economic changes as well as changes in
nature of education. Instructors shall adjust their teaching and evaluating procedures
accordingly, in order to fulfil ever-changing needs of learners and to encounter ever-
changing situation in economic, social and cultural spheres. Education progress can be
achieved when curricular adjustment and adaptation are continuously undertaken to
respond to needs and necessity.

For improving the quality of teaching, National Education Act A.D. 1999 Section 22
stipulates guidelines for learning management that education shall be based on the
principle that all learners are capable of learning and self-development, and are regarded
as being most important. Therefore, teachers, instructors and administrators must change
their roles from guiding and knowledge transferring to helping, promoting and encouraging

learners in the acquisition of knowledge from various media and learning centers.

Basic Education Curriculum B.E. 2544 (A.D. 2001)

The Ministry of Education, by virtue of section 74 of the National Education Act B.E.
2542, considers appropriate to formulate Basic Education Curriculum B.E. 2544. The
Curriculum shall be based on‘:unity in policy and diversity in practice. There shall be a
twelve-year core curriculum, which is flexible, providing substance, learning standards for
each group of subjects, for each grade, which covers 3 years. The core curriculum shall
include only subjects required for improving the quality of Thai life, good citizenship, life
skills, careers, and further education. Educational institutions shall be responsible for
providing details of the curriculum for each academic year or semester, to make them
relevant to community’s and society’s problems and desirable goals. Learners shall be good
members of the family, community, society and the country. Consideration shall also be

given to the relevancy to each group of learners’ potential, aptitude and interest.
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Learning Substance and Standards of Science Subject
Learning substance and standards to be applied as criteria to stipulate quality of
learners after graduation at basic education level, comprise only fundamental ones for
building up quality of life. Details of substance in science subject are as below:-
Substance 1: Living beings and life existence processes
Substance 2: Life and environment
Substance 3: Properties of matter
Substance 4: Force and mobility
Substance 5: Energy
Substance 6: Evolution of earth
Substance 7: Astronomy and space
Substance 8: Nature of science and technology
For this study, the researcher focused on the substance 3: Properties of matter, which
consists of two standards. In this study the research aimed to develop the science
curriculum for the second learning standard, which states that “Understanding nature and
changing situation of matter, solution, chemical reaction, skills in searching for knowledge
procedures and possessing science consciousness, communicating acquired knowledge
and application of knowledge”. The content of science curriculum in this study concerns
chemicals in daily life consisting seven units: 1) Household Chemicals 2) Hazardous
Substances 3) Toxic Substance in the Environment 4) Pesticides 5) Contaminants in Foods
6) Hazardous Substance Pollution and 7) The Impact of Chemicals on Health and

Environment.

2. Curriculum Development

The idea of curriculum development is to show how curriculum evolves or is planned,
implemented, and evaluated, as well as what various people, processes, and procedures
are involved in constructing the curriculum (Ornstein; & Hunkins. 1993 : 16). In this section,
the theoretical background of curriculum development was divided into three domains:
definition of curriculum, models for curriculum development, and research on curriculum

development.



15

Definition of Curriculum

Taba (1962 : 10) stated that “ curriculum contains a statement of goals and of specific
objectives, selection and organization of content, patterns of learning and teaching and a
program of evaluation of the outcomes”. Saylor and Alexander (1974 : 6) defined curriculum
as “the plan for providing sets of learning opportunities to achieve broad goals and related
specific obje+ctives for an identifiable population served by a single school center”. English
(1992 : 17) stated that “ the curriculum is the work plan or plans developed by or for
teachers to use in classrooms by which the content, scope, and sequence of that content,
and to some extent the methodology of their teaching, is defined and configured”. In
addition, Armstrong (2003 : 4) stated that “ curriculum refers to decision-making processes
and products that focus on preparation and assessment of plans designed to influence
students’ development of insights related to specific knowledge and skills”. In addition, there
are many educators who propose the definitions of curriculum. In this study, the curriculum

is defined as an education plan for learners.

Models for Curriculum Development
There are many models for curriculum development that educators have
designed. In this study, the researcher has adapted the model of Taba and model of

Saylor and Alexander for use in planning and designing the draft curriculum.

The Taba Model

Taba (1962 : 12) believed that the curriculum should be designed by the teachers
rather than handed down by higher authority. Taba proposed the steps for designing
curriculum as follows: Step 1: Diagnosis of needs, Step 2: Formulation of objectives,
Step 3: Selection of content, Step 4: Organization of content, Step 5: Selection of
learning experiences, Step 6: Organization of learning experiences, and Step 7:
Determination of what to evaluate and of the ways and means of doing it.

Taba proposed the model for curriculum design shown in Figure 2



A Model for Curriculum Design
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The Saylor and Alexander Model

Saylor and Alexander (1981 : 27) pointed out that “curriculum planning involves
making a series of choices, often based on values. The preceding section presented
basic considerations to guide the curriculum maker in making choices. This section
describes the nature of the choices to be made and the processes to follow in making
these choices”. They outlined a concise four —step planning model, which includes
goals and objectives, curriculum design, curriculum implementation, and curriculum
evaluation. The planning model is influenced by several social forces and three social
sources of curriculum society, learner, and knowledge (see Figure 3 for the curriculum
planning process of Saylor and Alexander). The curriculum plan needs to encourage
flexibility and to provide teachers with several suggestions for instructional modes and
appropriate materials. Decisions need to be made and included in the curriculum plan
regarding evaluation of student progress. Provisions for evaluating the curriculum plan
also need to be included. The major purpose of curriculum evaluation is to provide

information that enables and improvement to be made on the quality of education for

learners.
GOALS AND OBJECTIVES
CURRICULUM
CURRICULUM
CURRICULUM EVALUATION
IMPLEMENTATION
DESIGNING Decision as to evaluative
. . (Instruction)
Decisions as to design(s) procedures for determining
. Decision as to instructional
made by the responsible learner progress made by
. . modes made by the
curriculum planning the responsible teacher(s).
. responsible teacher(s). The
group(s) for a particular Decisions as to evaluative
. curriculum plan includes
educational center. procedures for evaluating
. . . alternative modes with
Various prior decisions by the curriculum plan are
litical and ial suggestions as to resources,
political and socia made by the responsible
. I media, and organization,
agencies may limit the planning group. Evaluative
) . thus encouraging flexibility
final design(s). data become bases for
and more freedom for the
decision making in further
teacher(s) and students.
planning.

Figure 3 The Curriculum Planning Process of Saylor and Alexander

(Saylor; &Alexander. 1981: 30)
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In addition, Saylor, Alexander and Lewis (1981 : 199-204) claim that a coherent plan
for evaluation should be developed based on several considerations. One consideration is
the type of curriculum designs and teaching models used. Another consideration is the

purpose of evaluation.

Research on Curriculum Development

Poonsuk Udom (2003 : Abstract) developed the multidisciplinary science curriculum by
integrating Science with Mathematics and English for seventh grade students. Research
procedures included four steps: studying basic information, developing a curriculum,
implementing and revising a curriculum. One-Group Pretest-Posttest Design was used in
this study. Results indicated that the subjects were satisfied with the multidisciplinary
science curriculum. Students’ posttest scores of Science, Mathematics and English were
significantly higher than their pre-test scores at the level .05 (p=.000). Students’ opinion
score on multidisciplinary curriculum was at high level. The results from the experiment
indicated that the curriculum met the expected efficiency criteria.

Chowwalit Chookhampaeng (2003 : Abstract) developed a remedial curriculum for
improving the basic skill of learning through the variety of activities according to the learning
theory for children. The study was divided into four stages: Stage one: The study of
fundamental data which was carried out in three steps: 1) Investigating documents and
related research, 2) Surveying problems concerning the learning disability children’s parent
need, 3) Interviewing the learning disability experts. Stage two: The development of the
remedial curriculum. Stage three: The curriculum implementation, the curriculum was
experimented with primary school children. The One-Group Pretest-Posttest Design was
used for testing the effectiveness of the curriculum. Stage four: The curriculum evaluation.
The result after implementing the curriculum found that the children’s perceptional learning
skills were higher than before at 0.01 of significant statistical level, and the children’s scores
were higher than the criteria. The children’s language learning skill was higher than before
at 0.01 of significant statistical level, but their scores were lower than the criteria.

Patraporn Patrayotin (2002 : Abstract) developed the curriculum for an Adult Nursing
Course for enhancing the critical thinking ability of nursing students and assessed the
effectiveness of the curriculum so developed. The processes of curriculum development
consist of four steps: 1) Studying and analyzing the conceptual background data, 2)

Developing the curriculum, 3) Implementing the curriculum, and 4) Evaluating the
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curriculum. The experimental design used the one-group pretest-posttest design. The
subject consisted of 51 sophomores of nursing students. The result showed that the
developed curriculum was effective according to setting criteria such as the achievement
scores of students after the experiment were more than before the experiment at .01 level
of statistically significant difference and the percentage mean scores of learning
achievement (68.36% ) was above the criteria (60 %).

Wichitporn Lausuwanagoon (2000 : Abstract) developed the enrichment curriculum to
promote critical thinking skills in nursing process. The purpose of the enrichment curriculum
was to integrate active learning, participatory learning, and self-directed learning methods
that correspond to students’ needs. The curriculum was developed through four stages:
Stage one: Studying fundamental data. Stage two: Drafting the enrichment curriculum.
Stage three: Implementing the curriculum and Stage four: Curriculum revision. Randomized
Control-Group Pretest-Posttest Design was used in this study. The curriculum was
experimented with two groups of third-year nursing students. The results reveal that
posttest scores of the experimental group was statistically significant higher than that of the
control group.

Chanphen Paiboon (1996 : Abstract) developed Life Experience Area curriculum on
“Unit 2 : Home Life” for sixth-grade students. The processes of curriculum development
consisted of six steps: 1) Basic data study and analysis, 2) Curriculum planning, 3) Content
and method selection, 4) Curriculum try-out, 5) Curriculum evaluation, and 6) Curriculum
revision. The experimental design used the one-group pretest-posttest design. The result
indicated that the developed curriculum was appropriate for teaching. After using the
curriculum, the posttest achievement scores of students were significantly higher than the
pretest scores.

From studying the related literature, the researcher found that there is not much done
on the development of school science curriculum. Therefore the researcher is interested in
developing the school science curriculum and to consistent with the need of Basic
Education Curriculum B.E. 2544 (A.D.2001) that requires teachers to develop a school
curriculum and to improve teaching-learning process. Therefore a development of a learner-
centered science curriculum is the main goal of this study.

In this study the science curriculum was constructed by adapting from Taba Model
and the Saylor and Alexander's Model, with the procedure for curriculum development
consisted of the seven stages as follows: Stage 1: Studying basic data for curriculum

development, Stage 2: Curriculum design, Stage 3: Curriculum evaluation by experts, Stage
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4: Conducting a pilot study, Stage 5: Curriculum implementation, Stage 6: Curriculum

evaluation after implementation, and Stage 7: Curriculum revision.

3. The Learner-Centered Approach

In a learner-centered approach, “learners are closely involved in the decision-making
process regarding the content of the curriculum and how it is taught” (Nunan. 1988 : 2)
A learner-centered approach also referred to as a student-centered or child-centered
approach involving collaboration between teachers and learners; through ongoing dialogue,
they determine the content of the curriculum and the learning objectives. This approach
focuses on learners’ real-life needs; learner responsibility in setting personal and realistic
goals and determining the steps toward achieving those goals; flexibility—as students
progress and reflect on their learning, content and goals may be modified; and learner self-
assessment.

McCombs (2000) pointed out that the learner-centered framework focuses on:

e The Learner and each learner's perceptions, needs, and motivation

e Learning Opportunities and the types of teaching and learning experiences that
can meet learner needs for success, belonging, and
autonomy

e Learning Outcomes that include affective, cognitive, social, and performance
domains

e The Learning Context or climate for learning, including expectations, teacher and
technology support, time structures for collaboration,
learning partnerships and mentoring relationships, and

adaptability to student needs.

Learner-Centered Curriculum

The concept of a learner-centered curriculum should be based not on separate
subjects, but rather on the emerging world of the learner. The important issues for
proponents of this organization are the interests, needs, problems, and concerns of the
learner (Beane. 1994 : 60). The learner-centered curriculum establishes the learner as the
most significant and essential person in the teaching-learning process. Learner-centered
means: making student goals the focus of instructional design. Learner-centered learning

reverses the traditional pedagogical structure of teacher lecturing to a group of students. In
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learner-centered approach, learners have the opportunity to explore, gather and generate
meaning from their educational experiences while a teacher acts as a guide, and a

participating learner, in the educational setting.

Learner-Centered Curriculum Development

Learner-centered curriculum development thus differs from traditional curriculum
development methods, in which the planning process takes place in advance without
student input, and a lockstep order for instruction and evaluation is followed. A learner-
centered curriculum uses learners’ background knowledge and experiences as a starting
point for curriculum development by emphasizing a collaborative effort between teachers
and learners, characterized by ongoing dialogue to determine the content and learning
objectives for the course.

According to Nunan (1988 : 2-7), a curriculum will contain similar elements to those
contained in traditional curriculum development, that is, planning (including needs analysis,
goal and objective setting), implementation (including methodology and materials
development) and evaluation.

However, the key difference between learner-centered and traditional curriculum
development is that, in the former, the curriculum is a collaborative effort between teachers
and learners, since learners are closely involved in the decision-making process regarding
the content of the curriculum and how it is taught.

This change in orientation has major practical implications for the entire curriculum
process, since a negotiated curriculum cannot be introduced and managed in the same way
as one, which is prescribed by the teacher or teaching institutions. In particular, it places
the burden for all aspects of curriculum development on the teacher. In the curriculum
planning process proposed by Taba (1962), planning, implementation and evaluation occur
in sequential order, and most of the key decisions about goals and objectives, materials
and methodology are made before there is any encounter between teacher and learner.

One of the major assumptions underlying the learner-centered philosophy is that,
given the constraints that exist in most learning contexts, it is impossible to teach learners
everything they need to know in class.

Inconsequence, goals will relate to development of learning skills as following:

- to provide learners with efficient learning strategies

-to assist learners to identify their own preferred ways of learning
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- to develop skills needed to negotiate the curriculum

- to encourage learners to set their own objectives

- to encourage learners to adopt realistic goals and time frames

- to develop learners’ skills in self-evaluation.

The adoption of a learner-centered orientation implies differentiated curricula for
different learners. This is because it is unrealistic to expect extensive participation in
curriculum planning by learners with little experience of learning. When dealing with
inexperienced learners, it is often necessary for the teacher to begin by making most of the
decisions. For at reason the curriculum is conceptualized, as much by processes for

carrying out curriculum tasks as by products.

The Learner-Centered Curriculum Process

The key elements in the curriculum model proposed here are as follows: initial
planning procedures (including data collection and learner grouping); content selection;
methodology (which includes the selection of learning activities and materials); and ongoing
monitoring, assessment and evaluation. A brief description of these elements and their
functions within a learner-centered curriculum follow and are elaborated upon in this
section.

The first step in the curriculum process is the collection of information about learners
in order to diagnose their objective needs, that is, needs which are external to the learner.
This initial data collection is usually superficial, relating mainly to factual information such as
current proficiency level, age, educational background, and previous learning experiences. It
is also sometimes possible to obtain more subjective information relating to preferred
methodology, learning-style preferences. However, this sort of information, relating to
learner's subjective needs as an individual in the learning situation, can often only be
obtained once a course has begun.

Content selection is an important component of a learner-centered curriculum. In such
a curriculum clear criteria for content selection give guidance on the selection of materials
and learning activities and assist in assessment and evaluation. By making explicit the
content objectives of a course and, eventually, by training learners to set their own

objectives, the following benefits can accrue:

® | earners come to have a more realistic idea of what can be achieved in a given

course.
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® | earning comes to be seen as the gradual accretion of achievable goals.

® | earners develop greater sensitivity to their roles and their rather vague notions of

what it is to be a learner become much sharper.
® Self-evaluation becomes more feasible.

® (Classroom activiies can be seen to relate to learners’ real-life needs. Skill
development can be seen as a gradual, rather than an all-or-nothing, process.

A crucial distinction between traditional and learner-centered curriculum development
is that, in the latter, no decision is binding. This is particularly true of content selection and
gradation. These will need to be modified during the course of programmed delivery as the
learners’ skills develop, their self-awareness as learners grows and their perceived needs
change.

The selection of content and objectives is therefore something, which is shaped and
refined during the initial stages of a learning arrangement rather than being completely pre-
determined. This is because the most valuable learner data can usually only be obtained in
an informal way after relationships have been established between teachers and learners.

The initial data collection, which is used principally for grouping learners, generally
provides only fairly superficial information which can be used to make rough predictions
about communicative needs, The most useful information, relating to subjective learner
needs, can be obtained only once a course has begun and a relationship is established
between teacher and learners. It is these subjective needs, derivable from information on
learners’ wants, expectations and needs, which are of most value in selecting content and
methodology.

Methodology, which includes learning activities and materials, is generally the area
where there is the greatest potential for conflict between teacher and learner. In a traditional
curriculum, this conflict would probably be ignored on the grounds that the ‘teacher knows
best’. In a learner-centered curriculum, it is crucial that any conflicts be resolved.

Evaluation is the final component in the curriculum model. Traditionally, evaluation
occurs at the final stage in the curriculum process. In the model proposed here, however,
evaluation is parallel with other curriculum activities and may occur at various times during
the planning and implementation stage, as well as during a specified evaluation stage,

The purpose of assessment is to determine whether or not the objectives of a course

of instruction have been achieved. In the case of a failure to achieve objectives, it is the
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purpose of evaluation to make some determination of why this has been so. Questions

relating to evaluation include the following:
®  Who is to evaluate?
®  How are they to evaluate?
®  \What are they to evaluate?
® At what point in the curriculum process will evaluation occur?

®  What are the purposes of the evaluation? In other words, what will happen to the

curriculum as a result of evaluation activities?

Learner-Centered Psychological Principles

The American Psychological Association (2003 : Online) developed a 14 point learner-
centered framework with psychological principles pertaining to the learner and the learning
process. The 14 principles are divided under four factors: Cognitive and Matacognitive
Factors, Motivational and Affective Factors, Developmental and Social Factors and

Individual Differences Factors. The details of each principle are presented in Table 1

TABLE 1 LEARNER-CENTERED PSYCHOLOGICAL PRINCIPLES

Cognitive and Matacognitive Factors

Principle 1. Nature of the learning process. The learning of complex subject matter is most
effective when it is an intentional process of constructing meaning from information and experience.
Principle 2. Goals of the learning process. The successful learner, over time and with support and
instructional guidance, can create meaningful, coherent representations of knowledge.

Principle 3. Construction of knowledge. The successful learner can link new information with
existing knowledge in meaningful ways.

Principle 4. Strategic thinking. The successful learner can create and use a repertoire of thinking
and reasoning strategies to achieve complex learning goals.

Principle 5. Thinking about thinking. Higher order strategies for selecting and monitoring mental
operations facilitate creative and critical thinking.

Principle 6. Context of learning. Learning is influenced by environmental factors, including culture,

technology, and instructional practices.
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TABLE 1 (Continued)

Motivation and Affective Factors

Principle 7. Motivational and emotional influences on learning.

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

The learner's creativity, higher order thinking, and natural curiosity all contribute to motivation to
learn. Intrinsic motivation is stimulated by tasks of optimal novelty and difficulty, relevant to personal
interests, and providing for personal choice and control.

Principle 9. Effects of motivation on effort.

Acquisition of complex knowledge and skills requires extended learner effort and guided practice.

Without learners' motivation to learn, the willingness to exert this effort is unlikely without coercion.

Developmental and Social Factors

Principle 10. Developmental influences on learning.

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

Principle 11. Social influences on learning.

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

others.

Individual Differences Factors

Principle 12. Individual differences in learning.

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

Principle 13. Learning and diversity.

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

Principle 14. Standards and assessment.

Setting appropriately high and challenging standards and assessing the learner as well as learning
progress including diagnostic, process, and outcome assessment are integral parts of the learning

process.
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Characteristics of Learner-Centered Classrooms

McCombs and Whisler (1997 : 65-66) pointed out characteristics of learner-centered
classrooms as follows:

In learner-centered classroom, the students
® Choose their own projects
® \Work at their own individual pace
® Show excitement about learning new things
® Demonstrate their knowledge in unique ways
® Are actively engaged and participating in individual and group learning activities
® Do beyond minimal assignments
In learner-centered classrooms, the teachers
® Make it clear that he/she has high expectations for all students
® Listens to and respects each student’s point of view
® FEncourages and facilitates students’ participation and shared decision making
® Provides structure without being overly directive
® Encourages students to think of themselves
® Emphasizes student enjoyment of activities
® Helps students refine their strategies for constructing meaning and organizing
content
In leaner-centered classrooms, the instructional strategies and methods
® Use time in variable and flexible ways to match student needs
® |nclude learning activities that are personally relevant to students
® Give students increasing responsibility for the learning process

® Provide questions and tasks that stimulate students’ thinking beyond rote

memorizing
® Help students refine their understanding by using critical thinking skills
® Support students in developing and using effective learning strategies

® |nclude peer learning and peer teaching as part of the instructional method

In learner-centered classroom, the curriculum
® [Features tasks that stimulate students’ varied interests

® Organizes content and activities around themes that are meaningful to students
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Has explicit built-in opportunities for all students to engage their higher-order
thinking and self-regulated learning skills

Includes activities that help students understand and develop their own perspectives
Allows learning activities that are global, interdisciplinary, and integrated

Encourages challenging learning activities, even if students have difficulty

Features activities that encourage students to work collaboratively with other

students

In learner-centered classrooms, the assessment system

Assesses different students differently

Includes student input in design and revision

Monitors progress continually in order to provide feedback on individual growth and
progress

Provides appropriate opportunities for student choice of types of products for

demonstrating achievement of educational standards

Promotes students’ reflection on their growth as learners through opportunities for

self-assessment

Allows diversity of competencies to be demonstrated in a variety of ways

The Comparison between Learner-Centered and Teacher-Centered Instruction

Huba and Freed (2000 : 5) have compared the difference of Teacher-Centered

Paradigm to Learner-Centered Paradigm as shown in Table 2.
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TABLE 2 COMPARISON OF TEACHER-CENTERED AND LEARNER-CENTERED-

PARADIGMS

Teacher-Centered Paradigm

Learner-Centered Paradigm

Knowledge is transmitted from teacher to students.

Students construct knowledge through gathering
and synthesizing information and integrating it with
the general skills of inquiry, communication, critical

thinking, problem solving, and so on.

Students passively receive information.

Students are actively involved.

Emphasis is on acquisition of knowledge outside

the context in which it will be used.

Emphasis is on using and communicating
knowledge effectively to address enduring and

emerging issues and problems in real-life contexts.

Teacher’s role is to be the primary information

giver and primary evaluator.

Teacher’s role is to coach and facilitate. Teacher

and students evaluate learning together.

Teaching and assessing are separate.

Teaching and assessing are intertwined.

Assessment is used to monitor learning.

Assessment is used to promote and diagnose

learning.

Emphasis is on right answers.

Emphasis is on generating better questions and

learning from errors.

Desired learning is assessed indirectly through the

use of objectively scored tests.

Desired learning is assessed directly through
papers, projects, performances, portfolios, and the

like.

Focus is on a single discipline.

Approach is compatible with interdisciplinary

investigation.

Culture is competitive and individualistic.

Culture is cooperative, collaborative, and

supportive.

Only students are viewed as learners.

Teacher and students learn together.

A Model for Designing Learner-Centered Instruction

According to Faculty Development Institute, Virginia Tech (2003 Online), the
processes of teaching, learning, and the design of instruction are interrelated (see Table 3).
The table below presents a summary of current educational research in terms of the
characteristics of learning and how instructional design and the role of the instructor can

take these characteristics into account.
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TABLE 3 THE PROCESSES OF TEACHING, LEARNING AND THE DESIGN OF-

INSTRUCTION

Learning

Design of Instruction

Teaching

Is active
It requires purposeful

processing.

Design activities that involve
students wholeheartedly in the

learning process.

Actively engage students by
developing meaningful activities
for which they need the

curriculum.

Is constructive
New learning is built upon

existing knowledge.

Design activities that build on
students' current knowledge and
that encourage the understanding of

relationships.

Help students construct
powerful, organizing concepts
that they can use to reach
more complex levels of

understanding.

Is individualized

Learning is unique
because of its relationship
to past knowledge and

experience.

Design activities that allow various
student strengths to be developed
and that encourage students to see
connections between their studies

and the rest of their lives.

Provide various explanations
and roads to understanding so
students can build on their own

previous understandings.

Is contextual
What is learned is
dependent upon the

context in which it occurs.

Design activities that reflect real
world situations that students will
encounter when they leave the

classroom.

Provide a classroom context
that guides students in thinking
“outside the classroom” and
asks them to continually
consider how subject matter
can be related to real life

issues and problems.

Takes time

Learning involves many
hours of assimilating,
restructuring, and

practicing with guidance.

Design activities that require both
time and practice spent on the kinds
of learning outcomes you wish
students to achieve. Guide them as

they work.

Develop activities that allow
flexible time commitments to
mastery and that build on
students' previous course and

life experiences.

Research on Learner-Centered Approaches

There are many studies supportive of the idea that learner-centered approaches are
effective ways to teaching-learning process. For example, Meece (2003 109-116)
examined the use of the Learner-Centered Psychological Principles (LCPs) for improving
the academic engagement and learning of middle school students. The result from survey

data from 2,200 middle school students from diverse communities across the United States
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indicated many important motivational benefits of learner-centered practices for young
adolescents.

According to Fornari’'s research (2001 : Abstract) “ The Development of an Ethics
Curriculums for Dietetics Students Utilizing Learner-Centered Pedagogy. He developed a
learner-centered ethics curriculum that fosters moral development and ethical-decision
making in dietetics students preparing to become practitioners. The researcher approached
curriculum design as a developmental model. Student cognitive developmental learning
theory and developmental instruction supported this approach. These models focus on how
students think; how they receive and interpret information; how they make meaning of the
learning process in the classroom. This curriculum was designed by considering students’
developmental environment and student characteristics as learners, course content,
teaching approaches, and learning outcomes. The research was divided into four stages:
(1) needs assessment, (2) draft curriculum document, (3) expert evaluation, and (4) a final
curriculum document.

Falk (1993 : Abstract) examined the process of developing a learner-centered
curriculum, which based on data collected over a period of several years from observation
field notes, from interviews, and from close examination of student work and school
documents. The result of this study defines learner-centered curriculum as a way of thinking
about teaching and learning that is manifested throughout the actions and attitudes of an
entire school. This way of thinking is present not only in classroom curriculum frameworks,
but also in assessment systems, school structures and policies and the values embedded
within them all.

Tamburo (1986 : Abstract) designed learner-centered communicative and creative
strategies for use in elementary, intermediate and advanced-intermediate Spanish language
classes. The conclusion states that there is already sufficient evidence to suggest that
learner-centered strategies can be used to enhance language and communicative skill
acquisition, as well as more positive attitudes toward language learning.

Nuchanart Muangmooltree (2002 : Abstract) developed teaching-learning activities fo
rthe Life-Experience Group (Social Studies) using student-centered instruction for grade 6th
students. The research followed an action research procedure. The learning activity
consisted of four steps: 1) The introduction 2) The instruction 3) The analysis and
conclusion and 4) The evaluation. The result of this study showed that over 80% of

students who received a student-centered instruction passed the learning criterion of 75%.



31

Somchit Sawathanapaibul (2003 : Abstract) developed activity package for child-
centered learning process with multi activities. The study was conducted through four steps:
1) Document study for gathering related literatures and researches, 2) Construction draft
activity package for child-centered learning process with multi activities, 3) Try-out the
package to the sample groups, and 4) Evaluating the activity package. The results of the
study revealed that the effectiveness of the package was higher than criterion standard of
80/80. And there was a significant difference at .01 level of learning achievement of
experimental group.

Nittaya Yonwichai (2002 : Abstract) developed learner-centered instruction activities
based on cooperative learning in mathematics of grade 5 students in Thailand. The finding
showed that learner-centered instruction activities based on cooperative learning had
resulted in meaningful learning in the students. The students who received instruction
through learner-centered instructional activities based on cooperative learning had made a
mean learning achievement score of 74.14%. The students had developed various personal
qualities such as independent concept construct, rational thinking and problem-solving
skills, self-confidence and expressiveness. They had also developed group-work skills, the
responsibility for one’s own action and the group, as well as honesty and cooperation for
learning.

As mentioned above, learning how to learn is more important than just memorizing
information. Learner-centered instruction encourages participation, analysis and critique and
also leads to lifelong learning. Many researches supported the notion that the leaner-
centered approach can enhance the learning achievement and learning skill of students.
For these reasons, the researcher wanted to develop the science curriculum using the
instructional techniques based on learner-centered approaches. The instructional techniques
used in designing the teaching-learning process for the lesson plans consist of four
instructional techniques as follows:

1
2

) Cooperative Learning

) Problem Solving

3) Small Group Discussion
4) Teaching by Questioning

The details of each instructional technique were described in the next section.
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Instructional Techniques based on the Learner-Centered Approach

In traditional instruction, the teacher's primary functions are lecturing, designing
assignments and tests, and grading. In learner-centered instruction, the teacher still has
these functions but also provides students with opportunities to learn independently and
coaches them in the skills they need to do so effectively. In recent decades, the education
literature has described a wide variety of learner-centered instructional methods and has
offered countless demonstrations that properly implemented learner-centered instruction
where increased motivation to learn, greater retention of knowledge, deeper understanding,
and more positive attitudes toward the subject being taught (Felder; & Brent, 2004 : Online).

The purpose of learning in the learner-centered approach is not just memorizing
information to pass examinations, although passing examinations is obviously important.
Learning now focuses on subjects and activities that are relevant and useful to the lives of
students, things that they can connect with and use in their own lives. The goal of learning
is understanding and making the world meaningful rather than just memorizing facts that
may have no connection with the learners’ lives.

The students have roles in the learner-centered model; they are not passive recipients
of knowledge. They are active learners. Although they receive and memorize information
from the teacher and textbooks, they do much more than this. First, they use the
information given by the teacher or the textbook in new and creative ways. They discuss it,
communicate about it, analyze it and evaluate it. In addition, the students also collect
information on their own from their environment, record it systematically, discuss it,
compare it, analyze it, draw conclusions from it and communicate about it.

The teachers’ role in the learner-centered model is different from traditional approach;
teachers are not only to give information, but to organize the activities from which students
will gather or use information, to guide the students through these activities, to help them
find additional sources of information, to make sure they are really thinking and analyzing,
to check their progress regularly to make sure all students are learning, and to give help
when students do not understand (Elizabeth. 2003 : Online).

To be consistent with the National Education Act A.D.1999 and the Basic Education
Curriculum A.D.2001, teaching-learning processes of this science curriculum will be based
on learner-centered approaches and use various learning activities which help students to
develop thinking processes, learning skills, and communication skills. Learners will be

engaged to take responsibility for their own learning and participation in class. Learners will
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develop thinking skills such as creativity, critical thinking, problem solving, decision making,
and communication. Learner will also develop skills in reading, writing, investigating data,
gathering data, analyzing data, summarizing data and presenting data.

For these reasons, the researcher chose four instructional techniques to design the
lesson plans for the draft curriculum. These four instructional techniques were:
1) cooperative learning, 2) problem solving, 3) teaching by questioning, and 4) small group

discussion.

1) Cooperative Learning

There is strong agreement among researchers that cooperative methods can and
usually do have positive effects on student achievement. Many studies have shown that
cooperative learning promotes critical thinking skills, helps develop higher level thinking
skills, fosters metacognition in students, encourages student responsibility for learning,
increases student retention and builds self-esteem in students (Slavin, 1990). In addition,
cooperative learning is a very useful method for checking on understanding and helping to
teach a variety of learning strategies (McKeachie. 2002 : 279).

Cooperative learning allows students to work together in small, mixed-ability groups. The
teacher’s role shifts from learning disseminator to learning facilitator. The responsibility for
learning shifts from the teacher to the student. In addition, when students work together,
they have the opportunity to critique and revise each other’s ideas and can respond to
guidance. Gillies and Ashman (2003 : 12) stated that “when children interact together, they
have opportunities to model their thinking, reasoning and problem-solving skill on each
other, receive feedback, and as a result socially construct new understandings, knowledge
and skills”.

As mentioned above, cooperative learning will be used as one techniques in designing
teaching-learning processes, the review of literature related to cooperative learning was
present in the next section and was divided into five domains: 1) What is cooperative
learning, 2) The benefits of cooperative learning, 3) Elements of cooperative learning

methods, 4) Methods of cooperative learning, and 5) Research on cooperative learning.

What is Cooperative Learning?
Johnson, Johnson, and Holubec (1992 : 13) defined cooperative learning as “ the

instructional use of small groups so that students work together to maximize their own and
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each other's learning”. Jacobs and Power (2002 : 9) defined cooperative learning as
“principles and techniques for helping students work together more effectively. Educational
Research Service (1990 : 1) identified that cooperative learning is a method of classroom
instruction in which students are placed in small groups and work together to achieve a
common goal. According to Slavin (1994 : 5), cooperative learning methods are practical
classroom techniques, students work in small groups to help each other learn. National
Research Council (1997 : 16) stated that “cooperative learning is an instructional technique
in which students work in groups to achieve a common goal, to which they each contribute
in individually accountable ways”.

For this study cooperative learning is defined as learning method in which students are

arranged in small groups to help each other learn the assigned materials.

The Benefits of Cooperative Learning
According to Panitz (2003 : Online), several researches have shown the benefits of

cooperative learning as follows:
® Cooperative learning promotes critical thinking skills
® Cooperative learning develops oral communication skills
® Cooperative learning encourages student responsibility for learning
® Cooperative learning allows students to exercise a sense of control on task
® Cooperative learning promotes higher achievement and class attendance
® Cooperative learning promotes a positive attitude toward the subject matter
® Cooperative learning increases student retention
® Cooperative learning enhances self management skills
® Cooperative learning promotes innovation in teaching and classroom techniques

® Cooperative learning can be adapted to large lectures involving students in

interactive, critical thinking activities during class

® Cooperative learning is especially helpful in motivating students in specific

curriculum
® Cooperative learning promotes student-faculty interaction and familiarity

® Cooperative learning creates a stronger support system and builds self esteem in

students

® Cooperative learning enhances student satisfaction with the learning experience
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Elements of Cooperative Learning Methods

According to Educational Research Service (1990 : 2), all cooperative learning methods
require students to perform group tasks. Although there are significant differences among
the various methods, they share these general characteristics:

®  (Classes are divided into small groups with 2 to 6 members.

®  Groups have an interdependent structure with high individual accountability.

®  Clearly defined objectives are specified for the groups.

® A cooperative environment and a reward system are present within the group.

®  Students support each other’s efforts for achievement.

®  There is a monitoring of group member behavior.

Cooperative learning is the instruction that involves students working in teams to
accomplish a common goal, under conditions that include the five essential elements,

identified by Johnson, Johnson, and Smith (1991).

1. Positive interdependence. Team members are obliged to rely on one another to
achieve the goal. If any team members fail to do their part, everyone suffers the
consequences.

2. Individual accountability. All students in a group are held accountable for doing their
share of work and for mastery of all of the material to be learned.

3. Face-to-face promotive interaction. Although some of the group work may be
parceled out and done individually, some must be done interactively, with group members
providing one another with feedback, challenging one another's conclusions and
reasoning, and perhaps most importantly, teaching and encouraging one another.

4. Appropriate use of collaborative skills. Students are encouraged and helped to
develop and practice trust-building, leadership, decision-making, communication, and
conflict management skills.

5. Group processing. Team members set group goals, periodically assess what they are
doing well as a team, and identify changes they will make to function more effectively in

the future
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Methods of Cooperative Learning

Henley (2003 : Online) studied the methods of cooperative learning from several

studies of Slavin ,(1986), Aronson, (1978) Johnson & Johnson, (1987), and Kagan, (1994),

and he pointed out that there are many variations within the cooperative learning model.

Some of the more popular models include the following five approaches:

1

Student Teams-Achievement Division (STAD) was composed of students in mixed-

ability teams. Students within these teams work together to master the material.
Students might use a variety of methods to master the material, such as quizzing
each other, worksheets, and/or manipulative. Individual learning is still expected,
often by taking a test at the end of the team study period.

Teams-Games-Tournament (TGT) was the first cooperative learning method from

John Hopkins University. Almost identical to the STAD model, TGT differs only in
the fact that the end-of-the-instructional-time quiz is replaced with end-of-the-week
tournaments. Students compete in teams of three against students with similar
abilities at “tournament tables.” As with STAD, students can bring back points to
their team that can be used for various extrinsic rewards as determined by the
teacher or agreed upon by the group.

Jigsaw is the approach in which students are divided into six-member teams. Each
team member is given a particular section out of a text or some other piece of an
academic unit. For example, after each member reads his/her section, these
members join with other members who have the same assignment to form expert
groups. Within these expert groups, students discuss various strategies that will
help teach the material to fellow team members within the original six-member
group. Students are highly motivated to listen to peer teachers because the only
way they have access to the information is through the peer. An adaptation of the
Jigsaw was developed by Slavin (1986) at Johns Hopkins University. Called Jigsaw
II, Slavin’s variation places students in four- to five-member teams as in TGT and
STAD. Instead of students having different assignments, all students are given the
same narrative (i.e., book, short story, etc.) to read.

Learning Together methods were developed around the idea of having teams of

four to five students turn in one assignment as a group project. The group then

receives the praise and/or reward. Johnson and Johnson's method advocates a
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team-building approach and provides time for lots of discussion and reflection on
how team members are interacting and functioning as a group.

5) Spencer Kagan’'s methods for cooperative learning share many characteristics with

Slavin’s and Johnson and Johnson’s. However, Kagan stated that in 1985 he
moved from seeing a cooperative learning lesson as one which implemented a
structure to seeing the lesson as composed of structures. Thus, the cooperative
learning structures became the building blocks of a lesson. He described his
cooperative learning structures as a content-free way of providing learning activities
for students. Kagan placed content into a structure to create a learning activity. In
this way, a teacher may change the content and have a completely different
learning activity. Kagan’s content-free approach has provided a very user-friendly

way for teachers to implement the tenets of cooperative learning.

Research on Cooperative Learning

Many researches showed that using cooperative learning is beneficial to students.
The following researches provide some examples that confirm this statement. The research
on cooperative learning environments has generally focused upon several well-developed
classroom structures.

Research on cooperative learning conducted during the past three decades in several
countries has consistently documented the positive effects of cooperative learning and its
contribution to the improvement of students’ skills in reading, arithmetic, the acquisition of a
second language, and the study of the social and natural sciences (Gillies; & Ashman. 2003
citing Foley; & O’Donnell 2002; Shachar; & Sharan. 1994; Slavin; & Madden. 1999; Savin;
et al. 1996).

In 1981, Johnson and colleagues published the results of a meta-analysis they
conducted on 122 studies that examined the effects of cooperative, competitive and
individualistic learning on achievement. The results showed that cooperation promotes
higher achievement and productivity than interpersonal competition or working individually,
and that these results were consistent across all subject areas (language arts, reading,
mathematics, science, social studies, psychology, and physical education), for all age
groups (elementary, secondary, college, adult), and for a variety of cognitively challenging
tasks (Gillies; & Ashman. 2003). In a review of sixty studies of cooperative learning

conducted in elementary and secondary schools between 1972 and 1987, Slavin (1989)
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found that cooperative learning might be an effective means of increasing student
achievement.

Recently, there are many studies to confirm that cooperative learning is an effective
teaching strategy that can enhance achievement and socialization among student and
contribute to improve attitudes towards learning and working with others. For example,
Basamh (2002 : Abstract) investigated the attitudes of principals and teachers toward
implementing cooperative learning methods at girls' private middle schools in Jeddah, Saudi
Arabia. The results of this study indicated that the overall attitudes of principals and
teachers toward implementing cooperative learning methods were positive.

Barbato (2000 : Abstract) compared the effects of traditional and cooperative methods
of teaching on the mathematical achievement, attitudes, and course enrollment plans of
10th-grade students. The result shows that the class taught cooperatively had significantly
higher mathematics achievement and showed more positive attitudes toward mathematics
than the traditional group.

Flynn (1999 : Abstract) had incorporated cooperative learning into the chemistry
classroom to see if students retained information better and thus had a better feeling toward
science as well as themselves as learners. The result showed positive differences in
student achievement when compared to the previous year. By using the cooperative
learning process, students became more comfortable communicating with others and
seemed more secure in their abilities. The process also involves a change in the teacher's
role from lecturer to facilitator to organize groups and to encourage working together. This
study used data from student tests as well as several surveys of the students as evaluative
tools. The findings were that cooperative learning does increase the students'
understanding of the material, retention of knowledge, and makes them feel better about
themselves and school.

According to Lindsay (1999 : Abstract), three seventh-grade general science classes
were examined in order to explore the implementation of cooperative learning in middle
level science classes. This qualitative study investigated several different cooperative
learning activities and their perceived effectiveness through the use of group surveys,
observation, and individual interviews. The results suggest that cooperative learning is
particularly beneficial for science.

Natkanya Jarearnkietboworn (2004: Abstract) studied mathematical problem-solving
abilities in “functions” of the second-year vocational students before and after the

experiment through cooperative learning. The one-group pretest-posttest design was used
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in this study. The results showed that the students’ mathematical problem-solving abilities
after using cooperative learning were higher than that before using cooperative learning at
the .01 level of significance.

Nilubol Seetape (2003 : Abtract) studied the effect of Cooperative Learning on English
Reading Achievement and the students’ behavior toward cooperative learning used in
English classroom. The subject was a ninth-grade student in Thailand. The experimental
design was a one-group pretest-posttest design. The result indicated that the posttest
scores after learning English reading using cooperative learning were higher than the
pretest scores at the .05 level of significance. And most of the subjects displayed very good
behavior in cooperative learning in their tasks and their behavior had positively developed.

In addition, the research studies of Prakaykaew Praekhoksong. (1998) and Rattnan
Mitrejit. (1994) supported cooperative learning as an effective way t to increase the student
learning achievement and students’ behavior in learning and working in group.

From reviewing the related literature it was found that cooperative learning is an
effective way to stimulate students to become more interested in the subject, thereby
acquiring a better comprehension of what they had studied. In addition, the many studies
showed that students had developed social skills and a feeling of self-esteem. For these
reasons, cooperative learning was used for designing the teaching-learning process of the
lesson plans in this curriculum.

The methods of cooperative learning used in this study are Learning Together (LT),
and Group Investigation (Gl) in which students work together in small groups on the
assignments such as group reports, group presentations and designing posters, brochures
and bulletin boards. Students were taught to set group goals, share roles, divide task, and
communicate face to face. Students worked together and exchanged ideas. During lesson,
desks or table were arranged to facilitate face to face interaction.

The role of the teacher was to offer more ideas, feedback, encouragement, and
suggestions to groups to enhance their learning. The teacher should give the whole class
directions for the learning task before students break into groups. The teacher teacheed
students the behaviors, which were useful for effective group working. The teacher should
plan ahead to have the materials available for students. In addition, the teacher checked
the understanding of groups, helped students summarize their learning, encouraged
thinking, and provided instructional materials. While students were working, the teacher
walked around the room, paying attention to each person in each group. Asking the

students to think in advance about the questions can effectively motivate them to watch for
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the answers in the rest of the class period. Teachers may need to describe the expected
social interaction behaviors and attitudes of students and to assign particular students
specific roles to ensure that they consciously work on these behaviors in their groups. The
teacher should talk to the students about cooperative learning using the information

handouts.

2) Problem Solving

The purpose of using problem solving was to give students experience in
identifying and resolving a problem. Teaching by using problem solving could help
student develop analytical and thinking skills. The problem-solving approach to
teaching is an effective way to improve student achievement. Using problem-solving
method will make students active participants in learning (Lambros. 2002 : 8). In
addition, Weir (1974 :16) pointed out that a significant proportion of classroom time in
science is spent on problem-solving activities. A constant emphasis on problem-solving
techniques can help students realize that thinking is a skill, which can be developed
and improved.

In order to gain ideas in designing the draft curriculum, the following relevant
literature will be reviewed in the next section: 1) What is problem solving?

2) The process of using problem solving, and 3) Research on problem solving.

What is Problem Solving?

Mills and Dean (1958 : 2) identified the definition of problem solving as “problem
solving is both a way of thinking and a method of teaching”. According to Vaidya (1968 :
52), definitions of problem solving vary from the “simple finding of exception” to “formal
reasoning of a complex nature”. Problem solving has also been defined as “combining the
essentials of two isolated experiences” or as “the integrated activity of perceptions, memory,
recall, association, generalization and reconstruction of ideas”. Meanwhile Woods; et al.
(1975 : 238-243) defined problem solving as the process of obtaining a satisfactory solution

to a novel problem, or at least a problem which the problem solver has not seen before.

The Process of Problem Solving
The problem-solving method of teaching incorporates problem-solving activities, but

places the responsibility for learning on the student. It requires teachers to move from the
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traditional instructional model to one that engages teachers and students as partners in
learning, with the teacher functioning in the role of facilitator or coach rather than leader or
all-knowing authority. It requires the use of problems that have real meaning to students,
thus motivating them to reach a solution.

The problem-solving approach to teaching and learning has evolved from the theories
of John Dewey. It has been used especially in agricultural education as a way to relate
classroom learning to real-life situations or problems. According to Brown (2003), the
traditional method of problem solving for decision making reflects Dewey'’s five-step model
for learning, expanded to six steps: (1) identification of the problem situation: What is
happening?; (2) definition of the problem: What must be done?; (3) search for information:
What do we need to know?; (4) analysis of data: What are the important considerations?;
(5) testing possible solutions: What will happen if this action is followed?; and (6)
conclusion: What action is most promising?

The problem-solving approach has been used with success in teaching many
disciplines, e.g., medical, environmental, business, social science, and so forth. Crucial to
its success in improving student achievement is the use of problems that are relevant and
meaningful to students (Dyer; & Osborne. 1996 : 43-51). Mill and Dean (1958 : 2) described
the use of problem solving as a method of teaching, which has three conditions:

1) The problem to be solved is adapted to the students’ maturity and experience;

2) The students have had analogous previous experience and must possess related
information needed for the solution, or they must know how to proceed to get this
information; and

3) The students are interested in solving the problem.

Polya suggested four steps in solving problem as follows: 1) Understanding the
problem, 2) Devising a plan, 3) Carrying out the plan, and 4) Looking back on the
completed solution (Vaidya. 1968. 52-57; citing Polya. 1945). The Center for Instructional
Development and Research of the University of Washington (2003 : Online) defined steps
for teaching problem solving to help students organize the data, define the problem and

identify key issues. In this stage, teacher might ask students to:
® frame the problem in their own words,
® define key terms and concepts,
® determine statements that accurately represent the given problems,

® determine what information is needed to solve the problem.
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A few different ways that teachers can introduce a problem to students includes:

® demonstrating a problem solution by systematically explaining each step and its
rationale,
e asking the students how they would approach solving the problem,
e asking the students to help solve the problem by posing questions at key points in
the process,
e having the students work together in small groups (3 to 5 students) to solve the
problem, and then have the solution presented to the rest of the class.
According to Weir (1974 : 17), most writers on problem solving agree that the process
takes an appreciable amount of time and proceeds through certain stages:
1) Statement of the problem;
2) Defining the problem by distinguishing essential features;
3) Searching for and formulating a hypothesis; and
4) Verifying the solution.

Research on Problem Solving

Faubion (2001 : Abstract) investigated methods of teaching mathematical problem-
solving strategies to middle school students from the perspective of a student-teacher in a
seventh grade math classroom. The findings revealed that once students are experienced
with problem-solving strategies, they could recognize the appropriate strategies to use when
they encounter new problems.

Matheus (2000 : Abstract) described and analyzed instructional strategies used by a
sixth-grade class with emphasis on problem-solving processes through integrated-content
social studies. Data collection and research methods interrelated social studies activities
and problem-solving processes through examination of instructional materials, teacher and
student interviews, and classroom observations. Findings of the study showed evidence of
connecting pathways fostering problem-solving skills that participants could apply across
disciplines and beyond the classroom.

Gawthrop (1990 : Abstract) evaluated the effects of the 'Problem Solving' in ethics
teaching on the quality of ethical decision making. The data suggest that the 'Problem

Solving' approach in teaching ethics is an effective method of fostering quality ethical
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decision making, and that the workshop format is an effective way of imparting the
information on this approach.

Phodchanart Buakheo (1992 : Abstract) compared the study of eighth-grade students’
academic achievement in Ethics and self analysis between two groups of students through
the Problem Solving Instruction with Yonisomanasikan and through the teacher’s manual of
the Supervisory Unit, General Education Department. The randomized control group
pretest-posttest design was used in this study. The result showed that the achievement
between the experimental group and the control group was significantly different at .01
level. The self analysis development of the experimental group increased significantly after
the lessons at .01 level.

Kontharot Roswan (1996: Abstract) developed a teaching model of mathematics
problem solving and investigated the effectiveness of the teaching model on “ Addition and
Subtraction” of first grade students in the pilot school of the Center for the Gifted and
Talented. The research design was randomized control group posttest-only design. The
findings showed that the effectiveness of the teaching model of mathematics problem
solving was 92.96/80.33 which was higher than the criteria, 80/80.

As mentioned above, many researches showed that problem solving is a technique
which helps students to develop problem-solving skills. Problem solving can become the
process that enhances students’ thinking and decision-making. For these reasons, problem
solving was a part of instructional techniques in this curriculum.

The purpose of this approach was to have students consider and reflect upon a variety
of problems that can take place in the context of the topic under consideration in the course.
In this study, the class was divided into small groups of four to five students to solve
problems. Each group was provided worksheets or assignments including the problem
situations and questions, and then students in each group work together to solve problems.
The problems in each worksheet were adapted from articles in newspaper, magazine and
Internet. Each problem situation related to the content of learning unit such as household
chemicals, contaminants in foods, and the impact of chemicals on health and environment.

In this study, the problem-solving process that students used in learning activity was
adapted from the process of problem solving of Weir (1974 : 17) consisting four main steps:
1) Statement of the problem, 2) Defining the cause of the problem, 3) Searching and
formulating a plan to solve the problem, and 4) Summarizing the result of problem solving

and applying in daily life.
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3) Teaching by Questioning

Questioning is one of the most popular modes of teaching. Using questioning during a
class can stimulate thinking, assess student progress, motivate students to pay attention,
maintain classroom control, provide repetition, emphasize key points, and many more
things. McMilland (2004 : 116) stated that “teachers use questions for five major purposes:
to involve students in the lesson, to promote students’ thinking and comprehension, to
review important content, to control students, and to assess student progress”. Questions
serve as a teaching tool by which instructors manage and direct learning, test student
understanding, and diagnose problem areas.

Asking questions helps students develop cognitive abilities and critical thinking skills. It
also helps to promote classroom discussion by taking the focus off the instructor and
encouraging student to student interaction.

To gain useful information for designing teaching-learning processes, the related
literature on questioning was reviewed under four domains: 1) What is a good question?, 2)
How to ask question that foster student achievement, 3) Levels and types of questions,

and 4) Research on teaching by questioning.

What is a Good Question?

Sanders (1966 : ix) stated that "Good questions recognize the wide possibilities of
thought and are built around varying forms of thinking. Good questions are directed toward
learning and evaluative thinking rather than determining what has been learned in a narrow
sense". Asking good questions fosters interaction between the teacher and students. High-
level-cognitive questions can be defined as questions that require students to use higher
order thinking or reasoning skills. By using these skills, students do not remember only
factual knowledge but also use their knowledge to solve problem, to analyze, and to

evaluate (Sanders, 1966).

How to Ask Questions That Foster Student Achievement
In a research review on questioning techniques, Wilen and Clegg (1986 : 23)
suggested teachers employ the following research supported practices to foster higher
student achievement:
® phrase questions clearly

® ask questions of primarily an academic nature
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® allow three to five seconds of wait time after asking a question before requesting a
student's response, particularly when high-cognitive level questions are asked;

® encourage students to respond in some way to each question asked;

® balance responses from volunteering and nonvolunteering students;

® clicit a high percentage of correct responses from students and assist with incorrect
responses;

® probe students' responses to have them clarify ideas, support a point of view, or
extend their thinking;

® acknowledge correct responses from students and use praise specifically

Levels and Types of Questions

Questions can be categorized in a variety of ways. A familiar categorical structure is
provided by Benjamin Bloom's taxonomy of objectives in the cognitive domain.

Bloom's taxonomy is a hierarchical system of ordering thinking skills from lower to
higher. Table 4 shows the levels of the taxonomy, a brief explanation of each one, and
examples of questions, which require students to use thinking skills at each level (Division

of Instructional Development. 2003 : Online).
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TABLE 4 QUESTION TYPES BASED ON BLOOM'S TAXONOMY

QUESTIONING BLOOM'S STUDENT ACTIVITY TYPICAL STEM WORDS
CATEGORY CATEGORY
LOWER LEVEL Knowledge Remembering: Facts, What? , List
Terms , Definitions Name, Define
Concepts , Principles Describe
Comprehension | Understanding the Explain
meaning of material Interpret
Summarize

Give examples ...

Predict, Translate

Application Selecting a concept or skill | Compute,
and using it to solve a Solve
problem Apply,

Modify
Construct
HIGHER LEVEL | Analysis Breaking material down How does ... apply?
into its parts and Why does ... work?
explaining the hierarchical How does ... relate to ..?
relations. What distinctions can be made
about ...and...?

Synthesis Producing something How do the data support ...?7
original after having How would you design an
broken the material down experiment which
into its component parts. investigates...?

What predictions can you make
based upon the data?

Evaluation Making a judgment based What judgments can you make

upon a pre-established set

of criteria.

about ...?7
Compare and contrast ...criteria

for ..?
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Research on Teaching by Questioning

This section of the literature review focused on the research on teaching by
questioning. Many research studies suggest that questioning is one technique of an
effective teaching. Teaching by questioning helps students have better understanding and
retention. Questioning stimulates students to seek information on their own, encourages
discussion, and also encourages students to think more deeply and critically. In addition,
asking effective questions at various levels can enhance student learning and help students
to develop thinking processes (Goossen. 2002; Riley.1991; Green;1983). For example,
Goossen’s research (2002 : Abstract), the inquiry-based instruction of middle-school science
lessons were observed, and questioning and response strategies were identified. The
analyses indicated several questioning strategies of teachers that were related to inquiry
teaching and learning and might be used as indicators of inquiry teaching in middle school
science lessons. Asking higher-level cognitive questions can be an important facet in the
effective teaching and learning of science.

Kittichai Suthasinobol (1998 : Abstract) investigated the science learning achievement
and science process skills of fourth grade students who received the instruction through the
use of teacher's questioning techniques. The randomized control group pretest-posttest
design was used in which the experimental group was taught through using teacher’s
questioning techniques while the control group was not. The result of this study indicated
that the science achievement mean and the science process skill mean of the experimental
group were significantly higher than those of the control group.

Riley (1991 : Abstract) examined the impact of quality questions by a home economics
teacher on the critical thinking abilities and achievement test scores of twelfth grade high
school students. The experimental design included an experimental group taught with the
use of questioning techniques and a control group taught in a traditional manner. Findings
confirmed the questioning technique did improve critical thinking ability of the experimental
group.

Green (1983 : Abstract) developed a questioning strategy based on Bloom's taxonomy
for use with thematic studies in literature for the secondary school. By using all levels of
questioning, so as to require students to interact with the subject matter, the teacher helps
the student to practice thinking processes. Not only the levels of thinking are important, but

also the organized sequence of questions will lead to optimal learning. This study revealed



48

that classroom teachers could use questioning strategies to teach all levels of thinking, lead
students toward generalizations, and aid students in retention.

For these reasons, teaching by questioning was used as instructional techniques.
The purposes of instructional techniques using questions were to assess background
knowledge, provoke a class discussion, emphasize a point, introduce a new topic, see if
students have read the textbook, motivate students thinking, and to correct a misconception
or to lead students to a better understanding. Questions were asked at the beginning of a
lesson, during a lesson, and after a lesson. Questioning were used continuously in an
informal way during instruction to monitor student understanding and to motivate thinking

and communication skills as well as to promote classroom discussion.

4) Small Group Discussion

The purpose of using small group discussion was to promote an exchange of
information and ideas among members of a group or class. Many research studies
conducted on group learning have shown small group discussion to be an effective
instructional method (Slavin. 1992; Johnson,D.W; & Johnson, R.T. 1987). Small group
discussion helps students to pay attention and think more actively in learning (MaKeachie.
2002 : 31). In addition, McMilland (2004 : 116), pointed out that “discussions are used to
promote student questioning and exchange ideas and opinions to clarify issues, promote
thinking, generate ideas, or solve problems”. Orlich et al,. (1998 : 257) pointed that using
small groups is one of the best ways to promote student autonomy, cooperation, and
learning in classroom.

Small group discussion is an effective way for many students to develop their
theoretical frameworks and to learn problem-solving skills as they try out their own ideas on
other students and the instructor. Students must learn to explain in their own words about
what they are thinking and doing. Students are more motivated to prepare for a class in
which they are expected to participate actively.

Therefore, small group discussion was used as one technique for this curriculum. The
relevant literature to small group discussion was reviewed in the next section, which divided
into three domains: 1) Elements of a small group discussion, 2) Planning and guiding

discussion, and 3) Research on small group discussion.
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Elements of a Small Group Discussion

A small number of students (preferably six to eight) meeting together
Recognition of a common topic or problem

Introduction, exchange, and evaluation of information and ideas

Direction toward some goal or objective (often of the participants’ own choosing)

Verbal interaction, both rational and emotional

The discussion method requires the teacher to develop a viewpoint and to tolerate and

facilitate the exchange of a wide range of ideas. Discussion is an active process of student-

teacher involvement in the classroom environment. Discussion allows a student to discover

and state a personal opinion or perspective, not merely to repeat what the teacher or text

has already presented. In discussion groups, students are active learners.

Planning and Guiding Discussions

National Research Council (1997 : 14-15) defined the elements of discussion that

teachers have to consider for using discussion in the classroom:

Decide on the goals of class discussion. What does the teacher expect the
students to get from each class session such as concepts, problem-solving skills,
decision-making skills?. The ability to make connections to other disciplines or to
technology or broader perspective. The teacher should keep in mind that the goals
may change as you progress through the material during the quarter or semester.
Explain to the students how discussions will be structured. Will the discussion
involve the whole class or will students work in smaller groups? Make clear what
the teacher expects from them about the questions at the end of the chapter.

If the teacher wants students to discuss questions and concepts in small groups,

explain to students how the groups will be formed.

Do not allow a few students to dominate the discussion. Some students will
naturally respond more quickly, but they must be encouraged to let others have a
chance. Be sure that all students participate at an acceptable level.

Look for opportunities for teacher or students to bring to class mini-demonstrations

in order to illustrate important points of the day’s topic. This is a very effective way

to stimulate discussion.
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o Be willing to adjust to the needs of students and to take advantage of strengths as

a teacher. Watch for signs that the students need more or less guidance.

Research on Small Group Discussion

According to Valdes (2000), hands-on learning through the use of tools or
manipulative representative of science concepts has long been an important component of
the middle school science curriculum. He investigated how the use of tools by students
engaged in small group discussion about the concept of electrical resistance and the
explanations that accompany such use leads to improved understandings of the concept.
The study found that the important implications of this study for teaching are that (1)
teachers should group students heterogeneously and should monitor students' small groups
to insure that students are producing content-oriented discussion, and (2) students should
be allowed to manipulate tools that allow experimentation as students build understandings
and promote communication.

Windschitl (1999 : 23-27) examined professors' use of small-group discussions in
science lectures. Participants were two professors and their students at a large midwestern
university. Results revealed that the two professors generally adhered to the basic elements
of the in-lecture discussion design. A majority of the students indicated that the small-group
discussions helped them in understanding the class material, made learning more
enjoyable, and made the time valuable.

Brice (1998 : Abstract) investigated student discourse within the context of an issues-
centered global study course in order to describe how students participate in discussions of
public issues and the nature of their discussions. The study suggested that recognizing the
multiple forms and functions of talk within a group's discussion can help educators assess a
group's interaction and identify ways to support students' development in communicative
skills which is necessary for participation in deliberative democratic discussion.

From reviewing the related literature, teaching by discussion can be an effective
instructional technique of helping students apply abstract ideas and think critically about
what they are learning. In fact, studies showed that discussions build students’ problem
solving skills more effectively. The advantages of discussion teaching include helping
students develop higher-order reasoning skills such as analysis, synthesis, and evaluation,
as well as developing motivation and enthusiasm for a subject. Students can improve their

communication skills and presentation skills through small group discussions and provide a
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chance for the group members to learn from each other so that those weaker members can
learn from the stronger members within the group. Within the group, students were
encouraged to ask questions to each other and discussed the topic together. Students from
different backgrounds have different viewpoints on the same issue so that they can learn
from each other through small group discussion. From this technique, they also learned to
organize and present their ideas. For these reason as mentioned above, small group
discussion was used in designing the lesson plans in this study.

In designing the teaching-learning processes of the lesson plans, students work in
small groups of four or five. Students worked together to complete worksheet. The students
received a handout with the discussion questions and group activities. All students in each
group discussed and gave their opinions within their group. As for this assignment, students
presented their ideas on a topic. Students from each group presented their work from the
small group discussion. The students of each group were asked to give an oral presentation
in front of the class after discussion. Other students were enhanced to ask questions about
the topic, its scope and feasibility, and make criticisms or suggestions.

The role of the teacher was to provide worksheets and materials for each group,
introduced students to small group activities and group assignments. The teacher should
demonstrate ways to conduct conversations and ways to store information as well as
explain to students how to converse and discuss with the learners how to work together
e.g., how the group will make decisions; set ground rules. Teacher should facilitate the
learners' active participation, invite learners to process and summarize what occurs during
the session, and ask them to discuss with their peers in small groups during the lesson so
that they can get more ideas and have a better understanding of the topics. The teacher
may assign students’ role in each group to keep the discussion going smoothly. Some of

the roles might be: question asker, encourager, note taker, reporter, timekeeper.

4. The Literature on “Chemicals in Daily Life”

The rapid economic growth and use of modern technology have resulted in the
expansion of chemical use in both occupational and household settings. Many of the
chemical products that are used in everyday life can be deemed to be hazardous
substances. They are products used in cleaning, home improvements, automobile
maintenance, lawn and garden care, hobbies, and a variety of other tasks such as cleaning

agents, mirror cleaners, bleach cleaners, degreasers, automotive products, bug sprays,
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household batteries, paint, pesticides, herbicides, fertilizers, and insecticides (Chayakul; &
Silkavute. 2003 : Online; Norwegian Pollution Control Authority. 2003 : Online). The
improperly handled hazardous products can harm human health and the environment.

Hazardous chemicals can get into the human body in different ways depending on the
substance and how it is used. The major routes of exposure to hazardous substances are:
by breathing in the substance (inhalation); absorption through the skin (dermal); and
accidental swallowing (ingestion), for example by eating or smoking with contaminated
hands. Hazardous substances may cause immediate or long-term health effects. Exposure
to these substances may result in poisoning, irritation, chemical burns, sensitization, cancer,
birth defects or diseases of certain organs such as the skin, lungs, liver, kidneys and
nervous system. The severity of the health effects depends on the substance and the dose
absorbed. Hazardous substance may cause the following symptoms: dry or burning mucous
membranes in the nose, eyes, and throat; sneezing; stuffy or runny nose; fatigue or
lethargy; headache; dizziness; nausea; irritability and forgetfulness. The use of man-made
chemicals, such as pesticides, has increased substantially over the last several decades.
Exposure to dangerous chemicals can lead to a range of consequences, from the
development of cancer and chronic respiratory diseases, to death.

Chemicals can affect the environment. Using improper chemicals from various sources
such as industrial sector, agriculture sector, and consumption have resulted in
environmental problems, such as air pollution and water pollution. Environmental pollution
can hurt animals and humans. It can cause health problems. There are hundreds of
pollutants that float around in the air (United States Environmental Protection Agency [EPA],
2003 : Online)..

Pesticides are chemicals designed to kill living organisms. Pesticides include
insecticides, herbicides, fungicides, wood preservatives, and disinfectants. All household
pesticides have some degree of toxicity and the potential to harm human health and the
environment. The impact of pesticides is present in the environment, where the residue of
pesticides is found in living tissues, soil, air and water supplies around the world. Pesticides
can spread through the environment from consumption. Excess amounts of pesticides
applied to gardens and lawns can run off and contaminate streams, rivers and groundwater.
When thrown away with household trash or poured down drains, pesticides may be
released into the air, soil, surface water or groundwater. These pesticides are poisons when

used improperly or without sufficient knowledge of their effects, endanger humans, animals
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and the environment. Moreover, hazards are created by residues from persistent organic
pollutants (POPs) that build up in the food chain and contaminate the environment.

The Basic Education Curriculum B.E. 2544 (A.D.2001) has provided a framework for
development of the school curriculum. The subject of science consists of 8 substances. In
this study, the researcher focused on substance 3: Property of matter, standard 3.2 topic 4,
which related to the chemicals in daily life and the Impact of Chemicals on health and
environment. The contents of the curriculum consist of seven learning units:

Unit 1 : Household Chemicals

Unit 2 : Hazardous Substances

Unit 3 : Toxic Substance in the Environment
Unit 4 : Pesticides

Unit 5 : Contaminants in Foods

Unit 6 : Hazardous Substance Pollution

Unit 7 : The Impact of Chemicals on Health and Environment



CHAPTER 3
RESEARCH METHODOLOGY

The research design of the development a learner-centered science curriculum on
“Chemicals in Daily Life” in this study is the Research and Development (R and D) type.
The research methodology for this study consists of 7 main stages as follows:

Stage 1: Studying Basic Data

The purpose of this stage was to investigate and study the relevant literature including
the problem situations in order to bring the information for developing the curriculum. This
stage was divided into two main steps:

Step 1 : Studying the relevant literature from several documents.
Step 2 : Interviewing the students using focus group discussion.
Stage 2: Curriculum Design

This stage was the designing step of the draft science curriculum on “ Chemicals in
Daily Life” using the information collected from the first stage.

Stage 3: Curriculum Evaluation by Experts

The draft curriculum was evaluated by five experts to assess the effectiveness of the
curriculum regarding the appropriateness and the consistency of the curriculum
components. After evaluating the draft curriculum by experts, the draft curriculum was
revised according to experts’ suggestions.

Stage 4: Conducting a Pilot Study

A pilot study was conducted to try out the draft curriculum. After conducting the pilot
study, the draft curriculum was revised again.
Stage 5: Curriculum Implementation

The draft curriculum was implemented with the sample group (8th grade students) to
assess the effectiveness of the draft curriculum.

Stage 6: Curriculum Evaluation after Implementing the Curriculum

The draft curriculum was evaluated regarding the student learning achievement and
the problem-solving ability of students as well as the students’ opinions toward the
instruction.

Stage 7: Curriculum Revision
The curriculum was revised again after implementing and evaluating the curriculum.

The plan for curriculum development in this study was shown in Appendix N.



The research methodology for curriculum development was summarized as shown in

Figure 4.
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Stage 1: Studying Basic Data

® Studying the relevant literature for

curriculum development

® |nterviewing the students

A 4

Stage 2: Curriculum Design

The curriculum consists of:

1. the principles of the science curriculum
the goals of the science curriculum

the curriculum contents

the teaching-learning processes

the instructional materials

U T

the assessment and evaluation

A 4

Stage 3: Curriculum Evaluation by

Experts
® The appropriateness evaluation

® The consistency evaluation
The experts consisted of
1) Curriculum development specialist
2) Instruction specialist
3) Assessment and evaluation specialist
4) Science educator in chemistry

5) Middle school science teacher

Stage 5: Curriculum Implementation
Population: g" -grade students

Sample: three classrooms of g" grade-
students studying in the second semester of
2004 academic year.

( approximately 45 students/classroom)

Sampling: Cluster Sampling

The experimental design:
the Randomized Control-Group Pretest-
Posttest Design
-  The experimental group was taught
using the learner-centered science
curriculum
-  The control group was taught using

the traditional method of teaching

|

Stage 6: Curriculum Evaluation after
Implementation regarding:
1. Students’ learning achievement
2. Students’ ability in solving problems
3. Students’ opinions of the experimental

group toward the instruction

v

A 4

Stage 4: Conducting a Pilot Study
A pilot study was conducted to test the
quality of the curriculum with 16 eighth-

grade students.

Stage 7: Curriculum Revision
using the data gathered from implementing

and evaluating the curriculum

A 4

Out come: Science Curriculum on “Chemicals in daily life”

Figure 4 The Conceptual Framework for Curriculum Development
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The procedures of each stage were as follows:

Stage 1: Studying Basic Data for Curriculum Development
The purpose of this stage was to study the basic data and problem situations about
teaching-learning processes for designing the draft curriculum. This stage was divided into
two steps:
Step 1 : Studying the relevant literature for the curriculum development.
Step 2 : Interviewing the students

The following section describes the details

Step 1 : Studying the relevant literature for the curriculum development

The purpose of this step was to study and investigate the relevant literature about the
development of the curriculum such as the National Education Act A.D.1999, Basic
Education Curriculum A.D.2001, the science curriculum A.D.1979 (revised A.D.1990), and
several research reports such as reform of curriculum and learning in Thailand, the
problems about Thai education, the needs of Thai society, as well as studying the
documents for use in designing the draft curriculum such as curriculum development,
learner-centered approaches, instructional techniques, and assessment. In order to study
basic data about the instruction and the science curriculum that teachers were using at the
present. The researcher had interviewed three science teachers of Phutthirangsriphibul
School using informal interviews. The result of this step was used in designing the science

curriculum for this study.

Step 2 : Interviewing the Students
The purpose of this step was to study the basic data, problems and needs about
instruction by interviewing the students using technique of focus group discussion.
Sample Group
The sample group used in this step was 15 the eighth-grade students of
Phutthirangsriphibul School divided into three groups (five students per group). These
students were randomly selected from eight classrooms of eighth-grade students. Three
classrooms were selected from eight classrooms by lottery method and then five students

were randomly selected from each classroom. The selected group was interviewed by using
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focus group discussion. The questions developed by the researcher were used for

interviewing as shown in Appendix B.

The Research Tool

The research tool for gathering data from students’ opinions was the structure

interview form, which was developed according to the following procedures.

1.

Studying how to construct the interview form from documents and the relevant
literature.

Formulating the questions for use in the interviews; the questions were divided into
five parts:

Part 1: The science content about the chemicals in daily life

Part 2: The instruction

Part 3: The learning materials

Part 4: The assessment and evaluation

Part 5: The other suggestions

The interview form was approved by the dissertation advisors who checked the
appropriateness and the accuracy of the questions.

The interview form was revised following the dissertation advisors’ suggestions.
The interview form was prepared and used for interviewing the students.

Data Collection and Data Analysis

The researcher interviewed three groups of students using the interview form that

the researcher had developed. The data from interviewing was analyzed and summarized

by using the content analysis as shown in Appendix J.

Stage 2: Curriculum Design

The purpose of this stage was to design the draft science curriculum on “Chemicals in

Daily Life”. The components of the curriculum consist of:

-

The principles of the curriculum

)
2) The goals of the curriculum
3) The curriculum content
4) The teaching-learning processes
5) The instructional materials
)

6) The assessment and evaluation
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Designing the draft curriculum in this study consisted of seven main steps as follows:

Step 1: Assessment of the Learners’ Needs

The purpose of this step was to analyze the basic data, the problems and needs
of the learner. The data gathered from the Stage 1 were used to analyze the learners’
needs such as the science content, the instruction, and the instructional materials including
general information on students such as current proficiency level, age, educational
background, previous learning experiences, the problems in learning, educational and life
goals.

Step 2: Formulation of the Principles of the Curriculum

The principles of the curriculum was set by considering the basic data, the
problems and needs of learners, and Thai society. The principles of the curriculum were
determined in line with the 1999 National Education Act, the Basic Education Curriculum
A.D.2001 and the concept of learner-centered approaches.

Step 3: Formulation of the Goals of the Curriculum

The curriculum goals were formulated in order to provide a framework for choosing
what to teach and help to understand the scope of the curriculum. Formulation of the goal
has to be consistent with the principles of the curriculum, the problems, and necessity of
this study regarding the goals of the National Education Act A.D. 1999, the goals of the
Basic Education Curriculum A.D.2001, and also with diagnostic data of the needs of the
learners.

Step 4: Selection and Organization of the Curriculum Content

The selection of the curriculum content was based on the Basic Education
Curriculum A.D.2001. The Basic Education Curriculum in science subject was analyzed
regarding leaning standard, learning substances, expected learning outcomes as well as
other themes that related to designing the content of the curriculum. The curriculum content
in this study is in the subject of science, Substance 3: Properties of Matter, standard 3.2,
topic 4 for lower secondary students (grades 7-9) which is about “ Chemicals in Daily Life”.
After selecting the topic of curriculum content, the next step was to gather information about
content area regarding the expected learning outcomes, the potential of learners, ages, grade
level, previous instructional experiences of the students as well as considering the available
instructional materials. Framework of content of the science curriculum in this study consisted

of seven learning units as shown in Table 5.



TABLE 5 LEARNING UNIT FOR THE SCIENCE CURRICULUM

Subject: Science

Learning Unit

Unit Title: Chemicals in Daily Life
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Lesson Plans: 7 units The Number of Class Periods: 19 periods (50 minutes/ period)

Learning Unit Content Periods
0. Introduction and pretest Introduction and pretest 2
1. Household Chemicals 1.1 The meaning of chemicals 2
1.2 Acid and base
1.3 Household chemicals
1.4 Chemicals in daily life
2. Hazardous Substances 2.1 The meaning of hazardous substances 2
2.2 The characteristic of hazardous substances
2.3 The categories of hazardous substances
2.4 The Symbol of hazardous substances
2.5 How hazardous substances get into human body
3. Toxic Substances in the 3.1 Sources of toxic substances 2
Environment 3.2 The categories of toxic substances
3.3 The collection of toxic substances in the environment
3.4 The danger of using the toxic substances
4. Pesticides 4.1 The categories of pesticides 2
4.2 The danger from using pesticides
4.3 The protection from the danger of pesticides
5. Contaminants in Foods 5.1 The categories of contaminants in foods 2
5.2 The sources of contaminants in foods
5.3 The danger of contaminants in foods
5.4 The protection from the danger of contaminants in foods
6. Hazardous Substance 6.1 The sources of pollution from hazardous substances 2
Pollution 6.2 The dissemination of hazardous substance to the environmen
6.3 The effect of pollution
6.4 The control and protection of pollution
7. The Impact of Chemicals 7.1 The impact of chemicals on health 2
on Health and Environment | 7.2 The impact of chemicals on the environment
8. Posttest Students do the posttest 2

9. Assessing the students’

opinions toward instruction

The students of the experimental group answered the

questionnaire




Step 5: Selection and Organization of Instructional Techniques
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The selection of instructional techniques has to be consistent with the principles and

the goals of the curriculum. The instructional design for this study was based on the learner-

centered approach using four instructional techniques: 1) cooperative learning, 2) problem

solving, 3) small group discussion, and 4) teaching by questioning. The framework of

instructional techniques for lesson plans is shown in Table 6

TABLE 6 THE FRAMEWORK OF INSTRUCTIONAL TECHNIQUES FOR LESSON PLANS

Lesson Plans

Instructional Techniques

Cooperative Learning

Learning
Together

Technique

Group
Investigation

Technique

Problem

Solving

Small
Group

Discussion

Teaching
By

Questioning

1. Household Chemicals

\/

\/

2. Hazardous Substances

\/

3. Toxic Substance in the

Environment

\/

4. Pesticides

5. Contaminants in Foods

6. Hazardous Substance

Pollution

2 |2 |2

7. The Impact of Chemicals on

Health and Environment

< 2 |2 |2

< 2 |2 | < 2 |2 | <

Total

Step 6: Organization of Learning Activities and Instructional Materials

Selection of learning activities has to be consistent with the curriculum content, the

objectives of each learning unit, learners’ needs and learners’ background knowledge. The

lesson plans were designed to include the learning materials such as documents for

instruction, handouts, worksheets, and evaluation tools.

The lesson plans consisted of eight important components:

1) Significant concept,
2) Learning objective,
3) Topics of content,
4)

Teaching-learning processes,
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5) Instructional materials,

7
8

)
6) Learning resources,
) Assessment and evaluation,
) Extension activities
The learning unit of this study consisted of seven lesson plans as follows:
Lesson Plan 1: Household Chemicals (2 Class periods)
Lesson Plan 2: Hazardous Substances (2 class periods)
Lesson Plan 3: Toxic Substances in the Environment (2 class periods)
Lesson Plan 4: Pesticides (2 class periods)
Lesson Plan 5: Contaminants in Foods (2 class periods)
Lesson Plan 6: Hazardous Substance Pollution (2 class periods)
Lesson Plan 7: The Impact of Chemicals on Health and Environment (2 class periods)
The example of the lesson plan is shown in Appendix K.
Step 7: Determination of Assessment and Evaluation
The purpose of assessment and evaluation was to improve student learning, to
develop understanding of what students know, understand, and can do with their knowledge
as well as to assess the effectiveness of instructional techniques, and to assess and
improve the effectiveness of the draft curriculum. Information gathered through assessment
helps to determine students’ achievement. This information also serves to guide in adapting
curriculum and instructional approaches to students’ needs. The format of assessment was
determined to be consistent with the goals of the curriculum, the content of the curriculum,
the teaching-learning processes.
The procedure of assessment and evaluation consisted of:
1) The evaluation of students’ learning achievement.

The formats of assessment consisted of formative assessment and summative
assessment. Formative assessment is undertaken during the class using authentic
assessment by a variety of assessment methods such as questioning and asking,
observations, worksheets, students’ group working, students’ group discussion, and
students’ presentation as well as self-evaluation. The students have to do the self-
evaluation form after finishing the instruction in each learning unit. Summative assessment
is the test given at the end of the instruction in order to measure achievement or outcomes
of the students. The learning achievement of the student was compared regarding the

pretest and posttest scores in which the students have to take the test both before and after
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the instruction. The evaluation tools consisted of two types of the tests: 1) the learning
achievement test and 2) the problem-solving test.

2) The evaluation of implementing the curriculum by considering the students’
opinion toward the instruction. The evaluation tools were the self-evaluation form and the
students’ opinions questionnaire. The self-evaluation form was distributed to the students at
the end of the class of each learning unit. The students’ opinions questionnaire was

distributed to the students in the last class period of implementing the curriculum.

The Construction of the Research Tools for Gathering Data
The research tools used in gathering data consist of:

1. The achievement test

2. The problem-solving test

3. The student opinion questionnaire toward the instruction

4. The student self-assessment form

5. The record form of the instructional result for teachers

The following section described the details of constructing the research tools.
(1) Constructing the Achievement Test
Constructing the achievement test was proceeded as follows.

Step 1: Studying the construction of the achievement test and the relevant
documents. Consideration was focus on the purposes of the test, the type of the test, the
content of the test, the construction of the test involving item analysis in order to clarify the
item discriminability and item difficulty of the test, as well as the validity and reliability of the
test.

Step 2: Analyzing the curriculum contents and the learning objectives by
constructing the analysis table of curriculum regarding the coverage of objectives and
content of the curriculum. The test items consisted of four types of questions: 1) knowledge,
2) comprehension, 3) application, and 4) analysis. The analysis table of curriculum is shown
in Appendix C.

Step 3: Constructing the achievement test on “ Chemicals in Daily Life”. The test
consists of 50 items of multiple-choice questions, each of which has four alternatives and
one correct answer.

Step 4: The draft test was presented to the three dissertation advisors for their

advice on the appropriateness, precision, accuracy, ambiguity and wording of the test. After
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that the draft test was revised according the dissertation advisors’ suggestions. The test
and the test evaluation form (See Appendix C) were offered to the five experts (See
Appendix A) for the content validity check and suggestions such as the type of questions,
accuracy of the test, wording. The quality of the test was considered from Index of Item
Objective Consistency (IOC) obtainable from the achievement test evaluation form.

Step 5: Analyzing the 10C index of the test items. The formula used to calculate the

IOC index is:

I0C = 2R
N
Where 10C means Index of Item Objective Consistency
ZR means Summation of experts’ opinion marks
N means A number of experts

If the Index of Item Objective Consistency (IOC) of each item of the test is higher than
0.5 that means it can be used in the test. The result of analyzing the I0OC index showed
that all test items were appropriate and could be used in the test. (See Appendix D).

Step 6: Revising the test according to the experts’ comments and suggestions.

Step 7: Measuring the item difficulty (p) and item discriminability (r) including
reliability by trying out the test to the 113 ninth-grade students of Phutthirangsriphibul
School who had learned these content.

Step 8: Analyzing each item of the test to find out the item difficulty (p) and item
discriminability (r) including reliability. The reliability of the test was computed using the
formula of Kuder and Richardson formulas 20 (Kuder; & Richardson. 1939 : 681-687). The
item difficulty (p) and item discriminability (r) (Cohen; Manion; & Morrison. 2000 : 326) were
computed using the following formula:

The formula for the item difficulty is: p = A/N

where p = the item difficulty
A = the number of students who answered the item correctly
N = the total number of students who attempted the item

The formula for the item discriminability is:  r = [(A — B)/ (N/2)]

where r = the item discriminability
A = the number of correct scores from the high scoring group
B = the number of correct scores from the low scoring group
N = the total number of students in two groups
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The data were analyzed using computer programs of the Statistical Package for the
Social Sciences for Windows version 10.0 (SPSS for Windows version 10.0). The data were
used to compute the item difficulty (p) and item discriminability (r) including reliability as
shown in Appendix E. The finding showed that the reliability of the achievement test is 0.82.

Step 9: After analyzing data, 30 items of the test that had the item difficulty (p)
between 0.20-0.80 and item discriminability (r) from 0.20 up were selected for use in the
achievement test.

The achievement test used in gathering data with the sample groups is shown in

Appendix F.

(2) Constructing the Problem-Solving Test
The following steps were the procedure of constructing the problem-solving test.
Step 1: Studying the construction of the problem-solving test and the relevant
documents. The problem-solving test used in this study was adapted from the method of

Weir (Weir. 1974 : 17), consisting of four steps as follows:

—

Statement of the problem,

N

)
) Defining the cause of the problem,
3) Searching and formulating a plan to solve the problem, and

4) Summarizing the result of problem solving and applying it in daily life.

Step 2: Analyzing the curriculum contents and the learning objectives to design
the problem situations.

Step 3: Constructing the problem-solving test. The format of the test is an essay
test consisting of seven problem situations. Each problem situation consists of four open-
ended questions.

Step 4: The draft test was offered to the three dissertation committee to check its
appropriateness, precision, accuracy, ambiguity and wording of the test. After that the draft
test was revised according the dissertation committees’ suggestions. The test and the test
evaluation form (See Appendix C) were given to the five experts (See Appendix A ) to
check on content validity and suggestions were sought. The quality of the test was
determined from Index of Item Objective Consistency (I0C).

Step 5: Analyzing the I0OC index of the test items. The same formula used to
calculate the 10C index of the achievement test as shown above was applicable here. If the

IOC index of each item of the test is more than 0.5 that means it can be used in the test.
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The result of analyzing the 10C index showed that all test items was appropriate to use in
the test. (See Appendix D).

Step 6: Revising the test according to the experts’ comments and suggestions.

Step 7: Measuring the item difficulty (p) and item discriminability (r) including
reliability by trying out the test to the 50 ninth-grade students of Phutthirangsriphibul School
who had learned these content.

Step 8: Analyzing each item of the test to find out the item difficulty (p) and item
discriminability (r) including reliability. The reliability of the test was computed by finding out
the Alpha Coefficient of Conbrach. The data analysis was computed using computer
programmes of the ltem Analysis Program for Essay Item of Sakorn Saengphueng. (Sakorn
Saengphueng. 2548. Online). The finding showed that the reliability of the problem-solving
test is 0.76. The data reporting of the computed item difficulty (p), item discriminability (r)
and reliability is shown in Appendix E.

Step 9: After analyzing data, the items of the test that has the item difficulty (p)
between 0.20-0.80 and item discriminability (r) from 0.20 up were selected for use in the
problem-solving test.

The problem-solving test used in gathering data with the sample groups is shown in

Appendix F.

(3) Constructing the Student Opinion Questionnaire toward Instruction

The purpose of using a questionnaire was to collect data regarding the students’
opinions toward the instruction such as the content of curriculum, learning activities, and the
instruction materials. The data from the questionnaire could be used to improve the
curriculum, lesson plans, and instructional materials.

The following is the step of constructing the questionnaires.

Step 1: Studying documents that related to constructing questionnaires.

Step 2: Constructing a questionnaire. The questionnaire consisted of three
sections: Section 1 recorded the students’ personal information. Section 2 was the five-point
scale Likert questionnaire ranging form very high, high, moderate, low, and very low. This
section of the questionnaire consisted of 16 questions or statements asking about students’
opinions toward the instruction. The statements of the questionnaire in this section were
adapted from the student opinion questionnaire developed by the Department of General

Education, the Ministry of Education (2542 : 45). Section 3 was open-ended questions
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asking students’ opinions toward instruction in terms of the content of the curriculum, the
leaning activity, the instructional materials, assessment and evaluation. Also provide space
was provided for additional opinions or other suggestions.

Step 3: Offering the draft questionnaire to the three dissertation committees to
check the appropriateness of the questionnaire such as the format of the questionnaire, the
accuracy of the statement, wording.

Step 4: Revising the questionnaire according to dissertation committees’
comments and suggestions.

Step 5: Trying out the quality of the questionnaire to 16 eighth- grade students
who received teaching by the researcher while conducting the pilot study to check
ambiguity in the language used in the questionnaire and wording. After that the
questionnaire was revised for use in data collection in the stage of curriculum
implementation.

The Student Opinion Questionnaire toward Instructions is shown in Appendix G.

(4) Constructing the Student Self-Assessment Form
The Student Self-Assessment Form was used as an evaluation tool for the instruction.
The purpose of using student self-assessment was to have student assess what they have
learned after finishing the class of each learning unit. These data could be used to improve
the lesson plans and learning materials as well as making the teachers understand the
problems that occur during the class.
The procedures of constructing the Student Self-Assessment Form were as follow:
Step 1: Studying the related literature on constructing the Student Self-
Assessment Form.
Step 2: Constructing the Student Self-Assessment Form. The form consisted of
five open-ended questions as follows:
1. What have you learned from this learning unit?
2. How do you apply this knowledge in daily life?
3. How did you participated in the class?
4. Do you like the learning activities in this unit? Why?
5. What problems did you find in doing learning activities?
Step 3: Offering The Student Self-Assessment Form to five experts to check the

appropriateness, and accuracy of questions including wording of the form.
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Step 4: Revising the Student Self-Assessment Form according to the experts’
suggestions.

Step 5: Trying out the Student Self-Assessment Form to 16 eighth-grade students
who received teaching by the researcher while conducting the pilot study. After that the
Student Self-Assessment Form was revised for use in data collection in the stage of

curriculum implementation. The Student Self-Assessment Form is shown in Appendix G.

(5) Constructing the Record Form of the instructional Result for Teachers
The Record Form of the Instructional Result was used by the teachers who taught the
experimental groups. After teaching in each unit, the teachers recorded the result of
instruction, the problems that occurred during the instruction, comments, and suggestion for
improvement of lesson plans. These data could be used to revise the lesson plans and
instructional materials.
The procedures of constructing the Record Form of the Instructional Result for
Teachers were as follows:
Step 1: Studying the relevant literatures to constructing the Record Form of the
Instructional Result
Step 2: Constructing the record form. The form consisted of three open-ended
questions asking about the instructional result and the problems that occur during the
instruction as well as provision of the space for comments and suggestions.
Step 3: Offering the form to five experts to check the appropriateness, and
accuracy of questions including wording of the form.
Step 4: Revising the form according to the experts’ suggestions.
Step 5: Trying out the quality of the Record Form of the Instructional Result to two
science teachers to check the appropriateness and wording of the form. After that the form
was revised for use in data collection in the stage of curriculum implementation. The

Record Form of the Instructional Result for Teachers is shown in Appendix G.

Stage 3: Curriculum Evaluation by Experts

The purpose of curriculum evaluation was to assess the effectiveness of the draft
curriculum before its implementation. The draft curriculum was evaluated by five experts
regarding an appropriateness and consistency of the curriculum elements. The

appropriateness evaluation involved the appropriateness of curriculum elements such as the



68

principles of the curriculum, the goal of the curriculum, the content of the curriculum, the
teaching-learning process, the instructional materials and the assessment and evaluation.
The consistency evaluation dealt with the internal consistency of the curriculum elements
such as the consistency between the principles and the goals of the curriculum, the
consistency between the goals and the content of the curriculum, the consistency between
the content and the teaching-learning process.

Five experts who evaluated the draft curriculum consisted of a curriculum development
specialist, an instruction specialist, an assessment and evaluation specialist, a science
educator in chemistry, and a middle school science teacher (See Appendix A).

The research tool

The tool used in evaluating the draft curriculum was the curriculum evaluation form
consisting of five sections. Section 1 recorded the personal information about the experts.
Section 2 was the appropriateness evaluation form of the components of the draft
curriculum such as the principles, the goal, the contents, the teaching-learning processes of
the draft curriculum. The format of the form was a five-point rating scale questionnaire
ranging the level of the appropriateness from very high level, high level, moderate level, low
level and very low level. Section 3 was the consistency evaluation form among the
components of the draft curriculum. The format of the form was a three-point rating scale
questionnaire ranging from consistent, not sure, and inconsistent. Section 4 provided space
for additional opinions where the experts can express ideas, comments and suggestions to
improve the draft curriculum. And section 5 was the lesson plan evaluation form, which the
experts evaluated the appropriateness of components of the lesson plans. The form is five-
point rating scale of questionnaire ranging the level of the appropriateness from very high
level, high level, moderate level, low level and very low level.

The procedures of constructing the curriculum evaluation form were as follows:

Step 1: Studying the documents related to constructing curriculum evaluation form.

Step 2: Determining the statements for evaluating components of the draft curriculum.

Step 3: Writing drafts of the curriculum evaluation form.

Step 4: Checking the content validity and wording of the curriculum evaluation form by

three dissertation advisors.

Step 5: Revising the curriculum evaluation form according to the dissertation advisors’

comments and suggestions.

The curriculum evaluation form used in this study is shown in Appendix C.
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Data Collection and Data Analysis
The data were gathered by the researcher. The draft science curriculum and the
curriculum evaluation form were offered to five experts to evaluate the draft curriculum.
After gathering the data, the data were analyzed for the appropriateness and the
consistency of the curriculums (See Appendix D).
The appropriateness evaluation of the draft curriculum
The appropriateness level of each statement was ranged as following scores:

(Boonshom Srisaaud. 2543 : 99-100: & Best. 1981 : 182)

The appropriateness level Scale value (points)
Very high level = 5
High level = 4
Moderate level = 3
Low level = 2

Very low level 1
The data from the curriculum evaluation form was analyzed by calculating the mean

scores and assigned weightings as follows:

Mean scores Appropriateness level
451 - 5.00 Very high level
3.51 -4.50 High level
2.51-3.50 Moderate level
1.51 -2.50 Low level

1.00 - 1.50 Very low level

If the draft curriculum evaluated by the experts has the level of appropriateness higher
than 3.51 meaning the draft curriculum was appropriate.
The consistency evaluation of the draft curriculum
The consistency of the draft curriculum was analyzed by calculating Index of Item
Objective Consistency (IOC). (Samroeng Boonruangrat. 2528 : 63-64; citing Rovinelli and

Hambleton. 1977).The ranging of items was assigned weightings as follows:

The consistency level Scale value (points)
Consistent +1
Not sure 0

Inconsistent -1



70

The data from the curriculum evaluation form (Section 3: the consistency evaluation
form) was analyzed to find the Index of Item Objective Consistency (IOC) using the

following formula:

I0C = 2R
N
Where I0C means Index of Item Objective Consistency
>R means Summation of experts’ opinion marks
N means A number of experts

If the Index of Item Objective Consistency (IOC) is higher than 0.5, it means the
components of the curriculum have internal consistency.
After analyzing the data obtained from the curriculum evaluation form, the draft

curriculum was revised according to the experts’ suggestions for improvement.

Stage 4: Conducting a Pilot Study

The purpose of conducting a pilot study was to test the quality of the draft curriculum
before implementing the curriculum and to inspect the feasibility of using the draft
curriculum as well as to check wording of handouts and learning materials. In addition,
conducting a pilot study helped reveal the problems that happened during the use of the
curriculum.

The Research Tools

The research tools used in conducting a pilot study were the curriculum that the
researcher developed including lesson plans as well as the learning materials for students.
A pilot study in this study was conducted a micro scale. In fact, four lesson plans were
selected to use in doing a pilot study with 16 eighth- grade students.

The Procedure of a Pilot Study

The researcher contacted the director of Putthirangsriphibul School to ask for
permission to collect the data. The pilot study was conducted with 16 eighth-grade
students of Putthirangsriphibul School. This group of students was not the same group
as sample group for implementing the curriculum.

The subjects were selected using the purposive sampling. One classroom of
eighth-grade students was selected from eight classrooms. Sixteen students were
selected for the a pilot study. These students were taught by the researcher.

Conducting the pilot study took four weeks (2 class periods/ week). Four lesson plans
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were selected for use in conducting the pilot study; there were: Lesson Plan 1:
Household Chemicals, Lesson Plan 4: Pesticides, Lesson Plan 5: Toxic Substances in
the Environment, and Lesson Plan 6: Hazardous Substance Pollution. Each lesson
plan took two class periods of teaching (50 minutes/class period). The example of

lesson plan is shown in Appendix K.

Stage 5: Curriculum Implementation

The purpose of implementing the draft curriculum was to assess the effectiveness of
the draft curriculum, and also to test the feasibility of using the curriculum. In addition,
implementing the draft curriculum helped to gain information and insight into improving the
draft curriculum.

The Methodology of Curriculum Implementation

Experimental Design
The experimental design used in this study was the Randomized Control-Group Pretest-

Posttest Design (adapted from Campbell; & Stanley. 1963 : 12) as shown in Table 7.

TABLE 7 EXPERIMENTAL DESIGN (THE RANDOMIZED CONTROL-GROUP PRETEST-
POSTTEST DESIGN)

Group Pretest Treatment Posttest
RC T, ~X T,
RE /1 T, X T,
RE;» T, X T,
Where
R: Random Assignment C : Control Group
E;: Experimental Group: Room 1 E.;: Experimental Group: Room 2
T, : Pretest T, : Posttest
~X: Instruction using the traditional method of teaching
X: Instruction using the learner-centered science curriculum
Note:

Both experimental groups (Room 1 and Room 2) were taught by two coresearcher-teachers who
were trained how to use the curriculum and curriculum documents before the instruction. The control
group was taught by the traditional method of teaching. Both experimental group and control group were

received the same content but different method of instruction.
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Selection of Population and Sample

Population

The draft curriculum was implemented at Phutthirangsriphibul School (grades 7-12)
located in Chachoengsao province in Thailand, which was selected by using purposive
sampling regarding the characteristics of the school and classrooms. The number of
students in each classroom were the same or almost equal (45-46 students/classroom).
The teachers had all taught science for not less than 5 years. In addition, the school
director and science teachers realized the importance of this research and gave their
cooperation and support. This school is typical of many other schools in Chachoengsao
province. This school had 59 teachers (23 men and 36 women). There were 1317
secondary students consisting of 994 lower secondary students and 323 upper secondary
students.

The population for this study consisted of 368 eighth-grade students from eight
classrooms of which students were divided into eight classrooms randomly. Therefore each

classroom had the same characteristics. Each classroom had approximately 45 students.

Sample

The sample of this study consisted of three classrooms of eighth-grade students
(approximately 45 students/classroom) studying in the second semester of the 2004
academic year. The sampling technique used in this stage was the cluster sampling by
which three classrooms were randomly selected from eight classrooms by lottery method.
Three classrooms of subjects were randomly assigned to be the experimental group: room
1 and experimental group : room 2 and the control group. The three science teachers of
Phutthirangsriphibul School taught the experimental and control groups. These three
teachers were selected by purposive sampling with regard to their being on par teaching
experiences, and background of knowledge. Also these teachers were ready to give the
cooperation in this study. Two coresearcher-teachers who taught the experimental groups
received training on using the curriculum by the researcher, while the teacher who taught
the control group did not receive training. She taught the control group using the traditional
method of teaching. Both experimental groups and control group were taught the same
content but different method of instruction.

The research tools

The research tools used in the experiment consisted of:
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1. The learner-centered science curriculum on “Chemicals in Daily Life”
The lesson plans and instructional materials

The achievement test

The problem-solving test

The student self-assessment form

The student opinion questionnaire toward the instruction

N o a s~ N

The record form for the instructional result

Data Collection
Experimental Methodology
The researcher contacted the director of Phutthirangsriphibul School to ask for
permission in implementing the curriculum and gathering the data (see Appendix A for the
letter from Graduate School, Srinakharinwirot University to the director of
Phutthirangsriphibul School). The curriculum was implemented to the sample groups in the
second semester of the 2004 academic year. The procedures of curriculum implementation
were as follows:
1. The preparation before implementing the curriculum
Before implementing the curriculum to the sample group, the researcher
prepared these processes:
Preparing and training the two coresearcher-teachers on using the
science curriculum on “Chemicals in Daily Life” and curriculum documents. The teacher
training took six hours (three hours per day).
Preparing the curriculum documents for use in instruction such as lesson
plans, instructional materials, and evaluation tools.
Preparing the classrooms and arranging the tables and chairs.
2. Implementing the curriculum
The procedures for implementing the curriculum were as follows:
The three classrooms were randomly selected from eight classrooms of
eighth-grade students by lottery method to be the sample group.
The sample groups were given the pretest consisting of two types of the
tests: 1) the learning achievement test and 2) the problem-solving test.

After analyzing the pretest scores of the three classrooms, it was found that
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there was no significant difference in the learning achievement and problem-solving ability
among these three classrooms (the data analysis was shown in Chapter 4 : Findings). The
three classrooms of the sample group were randomly assigned as two experimental groups
and one control group.

The experimental groups were taught by using the learner-centered
science curriculum. Each experimental group was taught by the coresearcher-teachers who
were trained how to use the curriculum and curriculum documents from the researcher. The
control group was taught by the traditional method of teaching.

The students in the experimental groups were arranged in small groups of
four students. The members of each group consisted of one high scoring student, two
moderate scoring students, and one low ability student. The students were assigned to a
group regarding their pretest scores of the achievement test and the problem-solving test.
(see Appendix H).

Both experimental groups were taught employing the lesson plans as shown
in Table 8. The allocation time for the instruction is shown in Appendix G.

After finishing the instruction, both the experimental groups and the control
group received the posttest, which was the same tests as the pretests. The tests consisted
of the learning achievement test and the problem-solving test. The tests are shown in
Appendix F. The results of pretest and posttest scores of the sample groups are shown in
Appendix H.

The experimental groups were offered the questionnaire to express their
opinions toward the instruction (see Appendix G).

During the instruction, the researcher observed and recorded the data about the
teaching-learning processes, classroom atmosphere, learning management, learning
environment, students’ behavior, and teachers’ behavior that occurred in the class, in order
to gain the data pertaining to the use of the curriculum documents. After finishing the
instruction in each lesson plan, the researcher discussed with two coresearcher-teachers
about the instructional results and the problems that occurred during the instruction.
Besides, the researcher asked the teachers about the results of using the instructional

materials in order to gain the data for the improvement of instructional materials.
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TABLE 8 THE SCHEDULE FOR THE CURRICULUM IMPLEMENTION

Time Date Class Lesson Plans
Periods
1 December 28, 2004 2 Introduction and Pretest

(The learning achievement test and

the problem-solving test)

2 January 4, 2005 2 Lesson Plan 1: Household Chemicals
3 January 6, 2005 2 Lesson Plan 2: Hazardous Substances
4 January 11, 2005 2 Lesson Plan 3:

Toxic Substances in the Environment
5 January 13, 2005 2 Lesson Plan 4: Pesticides
6 January 18, 2005 2 Lesson Plan 5: Contaminants in Foods
7 January 25, 2005 2 Lesson Plan 6:

Hazardous Substance Pollution

8 January 27, 2005 2 Lesson Plan 7: The Impact of Chemicals on

Health and Environment

9 February 1, 2005 2 Posttest (The learning achievement test and

the problem-solving test)

10 | February 3, 2005 1 Answering the questionnaire

Total 19

Note: 50 minutes/ class period

In this study, the researcher used two classrooms for the experimental group in order
to study the result of the curriculum implementation by different teachers. But both teachers
who taught the experimental groups were trained how to used the curriculum that the
researcher developed before instruction. These two teachers were selected by purposive
sampling regarding their similar characteristics such as teaching experiences, and
background of knowledge including the importance fact that these teachers were ready to

give the cooperation in this study.



The conceptual framework of the curriculum implementation is shown in Figure 5

Population : 8 classrooms of 8th grade students

Random assignment

Sample : 3 classrooms of Sth grade students

|

Pretest

1. The achievement test

2. The problem-solving test

Instruction
[
v \ 4
Experimental group : Room 1 and Control group was taught by using the
Room 2 were taught by using the traditional method of teaching.

learner-centered science

curriculum.The experimental groups
were taught by the two coresearcher-

teachers.

(One room/ one science teacher)

A 4

Posttest
1. The achievement test
2. The problem-solving test

(The same test of pretest)

Figure 5 The Conceptual Framework of the Curriculum Implementation
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Data Analysis

In this study, data were both of quantitative data and qualitative nature. Quantitative
data were analyzed by using the program of Statistical Package for the Social Sciences for
Windows version 10.0 (SPSS for Windows version 10.0) and qualitative data were analyzed
and interpreted in terms of a descriptive report.

Basic statistics such as Percentage, Mean and Standard Deviation was used to
analyze the achievement test scores, mean scores from the questionnaire about students’
opinions toward instruction. The statistics used in determining the significant difference
between the means of the pretest scores of the three groups of the samples was One-Way
Analysis of Variance (One-Way ANOVA). And the statistics used in determining the
significant difference between the means of the posttest scores of the three groups of
samples was One-Way Analysis of Covariance (One-Way ANCOVA) and comparing the
difference between the mean scores in each pair (Post-hoc comparisons) by the method of
Fisher-Hayter Test (LSD) (Laun Saiyot, & Angkana Saiyot. 2540 : 324-325). The data for
statistical computations was statistically analyzed at a 0.05 level of significance using the

SPSS for windows version 10.0.

Stage 6: Curriculum Evaluation after Implementation
The purpose of curriculum evaluation is to assess the effectiveness of the curriculum
after its implementation. The effectiveness of the curriculum was judged according to the

following criteria:

1) Students’ learning achievement of the experimental groups after learning has a
higher score than that of the control group with a statistically significance difference.
2) Students’ ability in solving problems of the experimental groups after learning has a
higher score than that of the control group with a statistically significance difference.
3) Students’ opinions toward instruction of the experimental groups show mean scores

at the high level.

Stage 7: Curriculum Revision

The curriculum was revised again using the data gathered from implementing and
evaluating the curriculum. The data were analyzed regarding the Student Opinion
Questionnaire, the Student Self-Assessment and the Record Form for the Result of

Instruction. The results of curriculum revision were shown in Chapter 4.



CHAPTER 4
FINDINGS

This chapter presented the findings of the data analysis for the development of
learner-centered science curriculum. In this study there were seven stages for the
procedures of the development of the curriculum as described in chapter 3. The findings
from the data analysis of each stage are presented in the following sections:

Section 1: The results of studying basic data for curriculum development
Section 2: The results of the curriculum design

Section 3: The results of the curriculum evaluation by experts

Section 4: The results of conducting the pilot study

Section 5: The results of the curriculum implementation

Section 6: The results of the curriculum evaluation

Section 7: The results of curriculum revision

Section 1: The Results of Studying Basic Data for Curriculum Development

The results from studying the basic data could be divided into 2 types: 1) the results of
studying the relevant literature for curriculum development and 2) the results of student
interview about problems and needs for science instruction. The detailed descriptions are
as follows:

1) The results of studying the relevant literature for curriculum development

The results of studying the relevant literature revealed information that was
necessary for the development the science curriculum. The data from the relevant literature
were collected and analyzed in order to gain ideas in designing the draft curriculum
including the processes of curriculum development. There were several documents that
were related to this study such as the 1999 National Education Act and the second National
Education Act, (A.D. 2002), the 2001 Basic Education Curriculum, the principle of
curriculum development, the instructional techniques based on learner-centered
approaches, the methods of the assessment and evaluation as well as other research
reports related to this study. The data gathered from the study were helpful in designing the

draft curriculum.
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2) The results of student interview about problems and needs for science

instruction.

The sample groups of the fifteen eighth-grade students were interviewed using
focus group interview. The data were gathered by using tape recorder and making not by
the researcher. And in order to get the basic data about the problems and needs of science
instructions. These fifteen students were divided into three groups (five students per group).
Each group was interviewed by the researcher using the student structured interview form
that contained five-points questions concerning: 1) the content of science curriculum about
chemicals 2) the instruction 3) the instructional materials 4) the assessment and evaluation
and 5) other comments and suggestions

The results of interviewing students could be summarized as follows:
1) The content of science curriculum on chemicals
From the interview, it was found that the science content on chemicals in daily life
had not many details and the contents in the textbooks were not up to date and not in line
with real life situations. In addition, the students lacked knowledge and understanding about
chemicals in daily life. They would like to learn more because these contents were very
important and useful to them.
2) The instruction
Most of the science instructions focused on lectures following very closely what
were written in the textbooks, and which hardly used learning activities. The students would
like the teachers to use several instructional techniques and they also would like to
participate more in learning activities.
3) The instructional materials
Most of the instructional materials that the students used in class were textbooks.
There were some handouts sometimes. Most of the time, the teachers taught in front of the
class and had the students answering the questions in the textbooks. And the instruction
materials were not enough for students.
4) The assessment and evaluation
From interviewing, it was found that most of the assessments were doing midterm
tests, final tests, and scoring from assignments such as paper works.
5) The other comments and suggestions
The students commented about the classroom size which was not commensurable

with 45 students and also the tense learning atmosphere.
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The details of the student interview are presented in Appendix J. The results from
studying the basic data and the relevant literatures and from interviewing the students were

used in designing the draft curriculum.

Section 2: The Results of the Curriculum Design
The science curriculum on “Chemicals in Daily Life” consists of six components: 1)

the principles of the curriculum 2) the goal of the curriculum 3) the curriculum contents 4)
the instructions 5) the instructional materials and 6) the assessment and evaluation. The
details of each component are as follows:

1) The principles of the curriculum

The principles of this curriculum were based on learner-centered approaches
which promoted and encouraged students to have more participation in learning as well as
helped students to be able to construct their own knowledge. Students learned and worked
as a team of four students through using four instructional techniques: cooperative learning,
problem solving, small group discussion, and teaching by questioning. The teachers acted
as facilitator that promoted and advised students how to learn and how to improve their
capacities.

2) The goals of the curriculum

The goals of this curriculum were to enhance students learning and understanding
about chemicals in daily life and to make students realize the impact of chemicals on health
and environment. Also students should be able to develop their learning skills such as
critical thinking skill, problem-solving skill, planning for working as a team, investigating the
data, analyzing the data, presenting the data in the class including improving the
communication skills. In addition, this curriculum wanted to promote students’ application of
the knowledge in dalily life.

3) The contents of the curriculum

The contents of the curriculum consisted of seven learning units: 1) household
chemicals 2) hazardous substances 3) toxic substances in the environment 4) pesticides 5)
contaminants in foods 6) hazardous substance pollution and 7) the impact of chemicals on
health and environment. Each learning unit took two class periods of teaching time (50
minutes per class period).

4) The instructions

The instructional techniques used in this study consisted of four techniques: 1)
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cooperative learning 2) problem solving 3) small group discussion and 4) teaching by
questioning.

5) The instructional materials

The instructional materials used in each unit consisted of seven lesson plans,
handouts, worksheets, and other instructional materials for the instruction.

6) The assessment and evaluation

There were two categories of the assessment:

1) The assessment of student learning achievement using the authentic
assessment such as the classroom observation, group working observation, student
presentation observation, asking and answering of students in the class, expression of
ideas of the students, checking from their assignments, including worksheets and paper
works.

2) The assessment of the effectiveness of the curriculum regarding the
scores from doing the achievement test and the problem-solving test including assessing

the students’ opinions toward the instruction using the questionnaire.

Section 3: The Results of the Curriculum Evaluation by Experts
The results of the curriculum evaluation by experts are divided into 3 parts: 1) the
curriculum appropriateness evaluation 2) the curriculum consistency evaluation and 3) the
lesson plan appropriateness evaluation. The results from the data analysis are presented as
follows:
1) The curriculum appropriateness evaluation
The mean scores, the standard deviation and the level of the appropriateness

of list of evaluation are presented in Table 9
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TABLE 9 THE RESULTS OF CURRICULUM APPROPRIATENESS EVALUATION

Level of
No. List of Evaluation X S.D. appropriateness
1 The principles of the curriculum are appropriate for 4.8 0.45 Very high
implementation
2 | The goals of the curriculum are appropriate for 5 0.00 Very high
implementation
3 | The goals of the curriculum are appropriate for the 5 0.00 Very high
needs of the society
4 The goals of the curriculum are appropriate for students 5 0.00 Very high
5 | The curriculum contents are appropriate for the goal of 44 | 0.55 high
the curriculum
6 The curriculum contents are appropriate for students’ 4.2 0.45 high
learning
7 The teaching-learning processes are appropriate for the | 4.4 0.55 high
goal of the curriculum
8 The teaching-learning processes are appropriate for the | 4.4 0.55 high
curriculum content
9 The instructional materials are appropriate for the 44 0.55 high
teaching-learning processes
10 | The assessment and evaluation are appropriate for the 4.2 0.45 high
teaching-learning processes
11 | The assessment and evaluation are appropriate for 4.2 0.45 high
students
12 | The format of the curriculum is appropriate for students 4.2 0.45 high
13 | Time allocation in each learning unit is appropriate for 44 0.55 high
learning of students

In Table 9, the results of the curriculum appropriateness evaluation showed mean
scores from 4.20 to 5.00 and standard deviation from 0.00 to 0.55 which means the
curriculum was appropriate at the high level to the very high level. The appropriateness of
the curriculum components were appropriate in the very high level, which supported the
principles and the goals of the curriculum, whereas the rest was appropriate at the high

level.
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2) The curriculum consistency evaluation

The draft curriculum was evaluated by five experts to check the consistency of
curriculum components. After gathering the data, the curriculum evaluation forms were
analyzed. The results of the Index of Item Objective Consistency (IOC) from evaluating the

consistency of the curriculum components are presented in Table 10.

TABLE 10 THE CURRICULUM CONSISTENCY EVALUATION

No. List of evaluation I0C Meaning
1 The principles of the curriculum with the goals of the curriculum 0.8 Consistent
2 The principles of the curriculum with the content of the curriculum 1.0 Consistent
3 The principles of the curriculum with the teaching-learning processes | 0.8 Consistent
4 | The goals of the curriculum with the content of the curriculum 1.0 Consistent
5 The goals of the curriculum with the teaching-learning processes 0.8 Consistent
6 The goals of the curriculum with the assessment and evaluation 1.0 Consistent
7 The content of the curriculum with the teaching-leaning processes 0.8 Consistent
8 | The content of the curriculum with the instructional materials 1.0 Consistent
9 | The content of the curriculum with the assessment and evaluation 1.0 Consistent
10 | The teaching-learning processes with the instructional materials 1.0 Consistent
11 | The teaching-learning processes with the assessment and 0.8 Consistent

evaluation

The Index of Item Objective Consistency (IOC) showed scores between 0.8 — 1.0
which were higher than the criteria (0.5) as shown in Table 10. This means that every

components of the curriculum evaluated by experts is consistent with one another.

3) The lesson plan appropriateness evaluation

The results from evaluating the appropriateness of the lesson plans by experts
showed mean scores between 4.2 — 5.0 and standard deviation between 0.00 — 0.55 which
means that the appropriateness level of each component of the lesson plans evaluated by

experts is at high level to very high level. The details are shown in Appendix D.
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The Curriculum Revision before Implementation

After analyzing the data, the draft curriculum was revised according to the experts’

suggestions, which were:

1. The principles of the curriculum should be explained clearly as regard to
curriculum implementation.

2. The statement of the curriculum goals should be revised to avoid ambiguity.

3. The contents of the curriculum should be described in more details and also
adjusted for the consistency based on students’ learning experiences but still kept
the content in line with the curriculum goals. Pictures related to contents should be
add in order to make the contents more interesting.

4. The teaching-learning processes should be adjusted regarding to the time of doing
the activities. In addition, the teaching-learning process should have a variety of
instructional techniques. The handouts and worksheets should be added in some
learning units

5. The instructional materials such as handouts and worksheets should be revised
in terms of wording and the lesson plans should be improved regarding the steps
in doing the activities.

6. The assessment and evaluation should be designed to be consistent with the

learning objectives.

Section 4: The Results of Conducting the Pilot Study

After revising the curriculum according to experts’ suggestions, the curriculum was
used to check the possibility of implementing the curriculum in real situations of instruction.
The researcher conducted the pilot study to try out the curriculum with 16 eighth-grade
students of Phutthirangsriphibul School. Some of lesson plans were tried out to check the
possibility to classroom use for the learning activities of students. The lesson plans and the
instructional materials that the researcher developed were used for the instruction. During
the instruction, problems of using the lesson plans and the instructional materials were
observed and recorded as a data for improvement.

The result from conducting the pilot study revealed the problems of the teaching-
learning processes. The data gathered from conducting the pilot study were used to revise
the curriculum, the lesson plans, and the instructional materials on the following points:

1. Adjusting for appropriateness of the time for doing the activities.
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2. Revising the wording of handouts and worksheets and avoiding the ambiguity.

3. Revising handouts by adding more details and giving more examples of each
content as well as adding the pictures related to the contents.

4. Adjusting the number of handouts used in the pilot study to be two sets per
group instead of one set per group.

5. Improving the lesson plans regarding the steps for instructions and time for

doing activities.

Section 5: The Results of the Curriculum Implementation
The curriculum was implemented with eighth-grade students at Phutthirangsriphibul

School in the second semester of 2004 academic year. The subjects were divided into
three groups, which were experimental group: room 1, experimental group: room 2, and
control group. The Randomized Control-Group Pretest-Posttest Design was used in this
study to test the effectiveness of the curriculum regarding the learning achievement and the
problem-solving ability of students. The results of the curriculum implementation are
presented as the following.

1. Comparison of the learning achievement pretest scores between the
experimental and control groups.

2. Comparison of the problem-solving pretest scores between the experimental
and control groups.

3. Comparison of the learning achievement posttest scores between the
experimental and control groups.

4. Comparison of the problem-solving posttest scores between the experimental
and control groups.

5. The results of assessment of students’ opinions toward the instruction.

6. The results of the qualitative data analysis.

The results of each point mentioned above are presented as follows:

1. Comparison of the learning achievement pretest scores between the
experimental and control groups.
The learning achievement test consisted of 30 multiple-choice items (30 points). The
mean pretest scores of the experimental and control groups are presented as mean (Y)

and standard deviation (S.D.) in Table 11.
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TABLE 11 DATA OF LEARNING ACHIEVEMENT PRETEST SCORES

Groups N X S.D.
Experimental Group : Room 1 45 14.27 2.54
Experimental Group : Room 2 43 13.09 3.80

Control Group 46 13.87 3.97

N = number of students
Table 11 showed the mean scores standard deviation of the learning achievement
pretest. The results showed that the mean pretest score of the experimental group: room 1
and room 2 were 14.27 and 13.09 respectively. The mean pretest score of the control
group was 13.87.
The One-Way Analysis of Variance (One-Way ANOVA) was used to compare the
difference of the mean pretest scores among groups. The result of data analysis is shown

in Table 12.

TABLE 12 ANALYSIS OF VARIANCE RESULTS FOR PRETEST SCORES OF LEARNING
ACHIEVEMENT TEST AMONG GROUPS

Sources SS df MS F p
Between Groups 31.228 2 15.614 1.279 .282
Within Group 1599.645 131 12.211
Total 1630.873 133

It was found that the p value (.282) was higher than the .05 level of significance as
shown in Table 12. This indicated that the mean scores of learning achievement pretest

between the experimental and control groups were not significantly different at the .05 level.

2. Comparison of the problem-solving pretest scores between the experimental
and control groups.
The problem-solving pretest consisted of a total of 28 questions (56 points, 2 points
per questions) in seven problem situations and four open-ended questions in each. The
mean (Y) and standard deviation (S.D.) of the pretest scores are presented as in Table

13.
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TABLE 13 DATA OF PROBLEM-SOLVING PRETEST SCORES

Groups N X S.D.
Experimental Group : Room 1 45 23.02 5.82
Experimental Group : Room 2 43 22.00 5.59

Control Group 46 23.06 6.11

Table 13 showed the mean scores and standard deviation of the problem-solving
pretest. It was found that the mean pretest score of the experimental group : room 1, room
2, and control group were 23.02, 22.00 and 23.06 respectively.

The One-Way Analysis of Variance (One-Way ANOVA) was used to compare the
significant difference of the mean pretest scores among groups. The data analysis is shown

in Table 14.

TABLE 14 ANALYSIS OF VARIANCE RESULTS FOR PRETEST SCORES OF PROBLEM-
SOLVING TEST AMONG GROUPS

Sources SS df MS F p
Between Groups 31.867 2 15.934 465 .629
Within Group 4489.782 131 34.273
Total 4521.649 133

Table 14 shows the p value (.629) was higher than the .05 level of significance. This
indicated that the mean scores among groups were not significantly different at the .05
level, so there were no significant difference in the pretest scores of problem-solving test

between the experimental and control groups.

3. Comparison of the learning achievement posttest scores between the
experimental and control groups.
Both the experimental and control groups were tested with the posttest of learning
achievement test in which the test is the same test as the pretest. The mean posttest
scores of the experimental and control groups are presented as mean (Y) and standard

deviation (S.D.) in Table 15.
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TABLE 15 DATA OF LEARNING ACHIEVEMENT POSTTEST SCORES

Groups N X S.D.
Experimental Group : Room 1 45 20.02 2.46
Experimental Group : Room 2 43 19.49 3.01

Control Group 46 15.07 4.54

Table 15 showed the mean scores of the learning achievement posttest. It was found
that the mean posttest score of the experimental group : room 1, room 2 and control group
were 20.02, 19.49, and 15.07 respectively.

The One-Way Analysis of Covariance (One-Way ANCOVA) was used to compare the
significant difference of the adjusted means of the posttest scores among groups. The data

analysis is shown in Table 16.

TABLE 16 ANALYSIS OF COVARIANCE RESULTS OF LEARNING ACHIEVEMENT TEST
AMONG GROUPS

Sources SS df MS F p
Between Groups 702.434 2 351.217 | 56.547 .000
Within Group 807.443 131 6.211
Total 46388.000 133

Table 16 shows the p value (.000), which was less than the .05 level of significance.
This indicated that there were significant differences among the groups at the .05 level of
significance. To compare the difference between the adjusted means of the scores in each
pair, the statistical analysis of Post-hoc comparisons by the method of Fisher-Hayter Test

(LSD) was used to analyze the data with the results as shown in Table 17.
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TABLE 17 RESULTS OF PAIRWISE COMPARISONS OF THE DIFFERENCE OF THE
LEARNING ACHIEVEMENT SCORES

Mean X of X of X of
(Y) Experimental Group : Experimental Group : Control Group
Room 1 (19.67) Room 2 (19.95) (14.99)
Y Experimental Group _ .280 4.682*

:Room 1 (19.67)

X Experimental group _ 4.962*
: Room 2 (19.95)

X Control Group —
(14.99)

*. The mean difference is significant at the .05 level

Table 17 showed the results of pairwise comparison of difference of the achievement
scores were significant differences between the experimental group : room 1 and control
group and between the experimental group : room 2 and control group at the .05 level of
significance, which indicated that the experimental groups had significantly higher learning

achievement than the control group.

4. Comparison of the problem-solving posttest scores between the experimental

and control groups.
Both the experimental and control groups were tested with the problem-solving
posttest, which was the same test as the pretest. The mean(f) and standard deviation
(S.D.) of the posttest scores for the experimental and control groups are presented in Table

18.

TABLE 18 DATA OF PROBLEM-SOLVING POSTTEST SCORES

Groups N X S.D.
Experimental Group : Room 1 45 43.00 6.91
Experimental Group : Room 2 43 40.93 6.66

Control Group 46 27.43 6.20
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Table 18 showed that the mean posttest score of the experimental group : room 1,
room 2, and the control group were 43.00, 40.93 and 27.43 respectively.

The One-Way Analysis of Covariance (One-Way ANCOVA) was used to compare the
significant difference of the adjusted means of the posttest scores among groups. The data

analysis is shown in Table 19.

TABLE 19 ANALYSIS OF COVARIANCE RESULTS OF PROBLEM-SOLVING TEST
AMONG GROUPS

Sources SS df MS F p
Between Groups 6779.282 2 3389.641 | 133.069 .000
Within Group 3311.474 131 25473
Total 195559.000 133

The Table 19 showed the p value (.000) less than the .05 level of significance, which
indicated that there were significant differences among the groups at the .05 level of
significance.

To compare the difference between the adjusted means in each pair, the statistical
analysis of Post-hoc comparisons by the method of Fisher-Hayter Test (LSD) was used to

analyze the data. The results are shown in Table 20.

TABLE 20 RESULTS OF PAIRWISE COMPARISONS OF THE DIFFERENCE OF THE
PROBLEM-SOLVING SCORES

Mean X of X of X of
(Y) Experimental Group : Experimental Group : Control Group
Room 1 (42.77) Room 2 (41.45) (28.18)
X Experimental Group : - 1.33 15.597*

Room 1 (42.77)
X Experimental Group : - 14.271*
Room 2 (41.45)
X Control Group
(28.18)

*. The mean difference is significant at the .05 level
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Table 20 indicates that there were significant differences between the experimental
group : room 1 and control group and between the experimental group : room 2 and the
control group at the .05 level of significance. The results indicated that the experimental

groups had significantly higher problem-solving scores than the control group.

5. The results of assessment of students’ opinions toward the instruction
After implementing the curriculum, the students’ opinions toward the instruction
were assessed by using the five-point scale Likert questionnaire with 16 statements of

evaluation. The mean scores ( X ), standard deviation (S.D.) and the result of evaluation are

presented in Table 21.

TABLE 21 STUDENTS’ OPINIONS TOWARD THE INSTRUCTION

Experimental Group: Experimental Group:
List of evaluation Room 1 (N = 45) Room 2 (N = 43)
Y S.D. Level of Y S.D. Level of
performance performance
1. Students have used the prior 3.89 | 0.57 high 3.95 | 0.58 high
knowledge and experiences in
doing activity
2. Students have worked in group 416 | 0.71 high 3.95 | 0.79 high
3. There are learning activities for 342 | 0.84 high 3.51 0.83 high
real practicing
4. Students have investigated 3.29 | 0.76 moderate 3.51 0.74 high
information from several sources
5. Students participate in 3.29 | 0.84 moderate 3.42 | 0.85 moderate
designing and selecting the
learning methods
6. Students participate in 3.84 0.95 high 3.58 0.98 high
discussing and expressing their
ideas
7. Students participate in 3.60 0.89 high 3.23 0.97 moderate
presenting result of works
8. Students have summarized 3.84 | 0.64 high 3.25 1.05 moderate
knowledge from learning




TABLE 21 (Continued)
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List of evaluation

Experimental Group:

Room 1 (N = 45)

Experimental Group:

Room 2 (N = 43)

Y S.D. Level of Y S.D. Level of
performance performance
9. Students and friends help each 4.00 0.92 high 3.70 0.77 high
other summarize the result of
group works
10. Students have summarized 3.41 0.81 moderate 3.44 | 0.88 moderate
steps in working
11. Students have opportunities for | 3.22 0.88 moderate 3.19 1.20 moderate
investigating the information
form several sources
12. Students participate in 3.62 | 0.91 high 3.40 | 0.88 moderate
using the learning materials
13. Students have learned from 3.36 1.02 moderate 3.49 | 0.80 moderate
several learning materials
14. Students can link what they 3.80 0.84 high 3.67 0.89 high
have learned with real life
15. Students participate in 393 | 0.78 high 3.67 | 0.87 high
assessing the result of works
16. Students can use the result of 3.80 | 0.59 high 3.56 | 0.96 high
evaluation to improve learning
Total 3.64 | 049 high 3.53 | 0.57 high

Table 21 indicated that the students’ opinions toward the instruction showed positive
attitude at the high level. There were some statements of evaluation which showed mean
scores at moderate level. But the overall of evaluation mean scores were 3.64 for the
experimental group : room 1 and at 3.53 for the experimental group : room 2, which

indicated that the students in the experimental groups who were taught using the learner-

centered science curriculum had the opinions toward the instruction at the high level.

6. The results of the qualitative data analysis

The qualitative data gathered in the stage of the curriculum implementation

consisted of:
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6.1 The Students Opinion Questionnaire toward the instruction
6.2 The Record Form of the Instructional Result for Teachers
6.3 The Students Self- Assessment Form

The results of the data analysis are presented as follows:

6.1 The Students Opinion Questionnaire toward the instruction
The data concerned with students’ opinions toward the instruction were gathered by
using the questionnaire, which consisted of five open-ended questions to assess the
students’ opinions toward the instruction. The results of content analysis are presented as

the following:

6.1.1 The Contents of Curriculum
The students gave the opinions that the contents were very interesting and
easy to understand, also the contents were very useful and important to living. Students
had learned more about chemicals in daily life and were able to apply their knowledge to
use in daily life. Besides that, the curriculum contents made the students aware of the
impact of chemicals to health and environment. The data gathered from the student opinion
questionnaires showed that the students had positive attitude to the curriculum content. For
example, the students gave opinions that “ Learning about chemicals in daily life was very
useful because be able to apply this knowledge in daily life” Some students answered that “
| liked learning about this content because it helped me have more awareness on the
impact of chemicals on health and the environment”. Some answered that “ | was able to
tell other members in my family about the danger of chemicals such as pesticides and
contaminants in food”
6.1.2 Learning Activity
The students were impressed with group working because they had the

opportunity to discuss, shared ideas and exchanged knowledge with others. They enjoyed
the learning activities, which allowed them opportunity for practicing the critical thinking, the
problem solving , investigating, analyzing and presenting data. These are the example of
students’ opinions: “ | like doing the learning activities because | had exchanged ideas with
others, have discussed on the learning topic, which made me understand more in learning”.
And “ doing the learning activities made me participated more in the class and had more

courage to express my ideas to others”.
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6.1.3 Instructional Materials
The students thought that the instructional materials such as handouts and
worksheets were very useful. They participated in doing activities in worksheets and other
assignments such as writing reports, creating brochures and presenting news about
chemicals in daily life and the impact of chemicals on heath and the environment. These
activities promoted a cooperative learning and made positive impression on the students.
For the example, the students gave the opinions in the questionnaire that “ the learning
materials were very interesting, the handouts were very useful for the instruction and also
gave the important details of the contents” and “ the instructional materials opened the
chance to work together as a team and helped each other in learning”.
6.1.4 Assessment and Evaluation
Most of the students preferred doing the self-assessment after finishing the
class because they had more understanding and also they had the opportunity to
summarize what they had learned. But some students did not like open-ended questions.
They preferred multiple-choice questions instead.
6.1.5 Other suggestions
Even though most of the students enjoyed learning activities, they still would
like to have outside classroom learning activities and field trips. Some of them would like to
have more explanation in some contents and more examples related to concept of the
subject content. Some of them asked for an experiment in the laboratory. They also asked
for having more time in doing activities. Details of the students’ opinions toward the

instruction are presented in Appendix J.

6.2 The Record Form of the Instructional Result for Teachers
The instructional results were gathered by using the record form in which the
teachers who taught the experimental groups made notes after finishing the instruction in
each learning unit. The record form consisted of three main points: 1) the result of
instruction, 2) the problems of instruction, and 3) suggestions. The details of each point are
presented as follows:
6.2.1 The result of instruction
The teachers from both the experimental group : room 1 and room 2 agreed
with the instructional processes. Their overall opinions of instruction were good. Most of the

students were more attentive to learning and doing activities. They understood what they
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were learning. The teamwork activities made the students help each other in learning and
workings and students participated more in the class. Some groups of students could
present their works very well, but some group should be improved. Some groups finished
their work on time, whereas but some group could not. For the classroom atmosphere,
students enjoyed learning and had more fun in doing activities.
6.2.2 The problems of instruction
The teachers found that most of the students did not dare to ask questions or
express their ideas. In addition, the students had no experiences in presenting data in front
of the classroom. Some of the students did not know how to adapt to the new learning
techniques or do the assigned activities. Some of them were not familiar with working as
teamwork and lacked communication skills.
6.2.3 Suggestions
The teachers agreed with the teaching-learning processes, but recommended
the addition of other methods of teaching, a variety of instructional techniques including
instructional materials. Students’ research projects on applying what they have learned
should be included in lesson plans. The results of analysis of data on the record form of the
instruction are shown in Appendix J.
6.3 The Students Self- Assessment Form
The Students Self-Assessment Form was used to let the participating students
assessed themselves after finishing each learning unit. The Students Self-Assessment Form
consisted of five open-ended questions as follows:
1. What have you learned from this learning unit?
2. How do you apply this knowledge to the daily life?
3. How did you participate in the class?
4. Do you like the learning activities in this unit? Why?
5. What problems did you find in the learning activities?
The data gathered from Students Self-Assessment Forms were analyzed and

summarized as the following:

1) What have you learned from this learning unit?
The students recorded the content of what they learned in each unit, which
consisted of 7 units: Unit 1 : Household Chemicals, Unit 2 : Hazardous Substances, Unit 3 :

Toxic Substance in the Environment, Unit 4 : Pesticides, Unit 5 : Contaminants in Foods,
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Unit 6 : Hazardous Substance Pollution, and Unit 7 : The Impact of Chemicals on Health
and Environment.
2) How do you apply this knowledge in daily life?

The students applied the knowledge from learning to the daily life for example, in
buying household chemical products, buying foods, and other things that contains
chemicals. The students understood more about the danger of chemicals such as
pesticides and contaminants in foods and knew how to prevent themselves from this
danger. In addition, the students also shared the knowledge and awareness with their
family of the impact of chemicals on health and environment.

3) How did you participate in the class?

The students worked and helped each other to finish assignments. They
participated in doing activities, discussing the result of work, and presenting data with high
responsibility. The students helped each other in planning the work and solving problems,
which occurred during instruction. They discussed concepts of what they learned. In
addition, they helped each other in searching and analyzing data in order to present their
works in front of the class.

4) Do you like the learning activities in this unit? Why?

The students liked to do activities. The activities made them help each other in
learning and working. In addition, doing these activities improved their critical thinking skill,
problem-solving skill, and planning in working. They exchanged knowledge with other
members in the group. The activities also gave them the opportunities to present their
works in the class and share the ideas with other students.

5) What problems did you find in the learning activities?

Most of the students found that there were no problems throughout the learning
activities. Some students had little problems in group working for example some students in
the group were not responsible for their duty, did not express their ideas, and some of them
could not finish the assignments in time because they did not read the handouts before
starting the activities.

The details of the result from analyzing the Students Self-Assessment Forms are shown

in Appendix J.
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Section 6: The Results of the Curriculum Evaluation
The curriculum was evaluated regarding the following criteria:
1) The criteria of curriculum evaluation by experts before implementing the
curriculum regarding the appropriateness and the consistency of the curriculum.
2) The criteria of curriculum evaluation for the curriculum implementation
regarding:

2.1 The comparison of learning achievement between the experimental groups
using the learner-centered science curriculum and the control group using the traditional
method of teaching.

2.2 The comparison of problem-solving ability between the experimental
groups using the learner-centered science curriculum and the control group using the
traditional method of teaching.

2.3 The students’ opinions of the experimental groups toward the instruction.

The results of evaluating the effectiveness of the curriculum are presented below:
1) The results of the curriculum evaluation by experts before implementing the
curriculum indicated that:

1.1 The appropriateness level of the curriculum was at the high level to the
very high level with the mean scores ranging from 4.2 to 5.0, which were higher than the
criteria (3.51) as shown in Table 9. This indicated that the curriculum was appropriate for
implementation to the students.

1.2 The consistency level of the curriculum components showed the 10C
index of 0.8 — 1.0, which was higher than the criteria (0.5) as shown in Table 10. This
indicated that the curriculum components had the consistency.

1.3 The appropriateness level of evaluating the lesson plans was higher than
the criteria (3.51) with the mean scores of 4.2 — 5.0 as shown in Appendix D. This
indicated the lesson plans were appropriate for implementation to the students.

2) The results of evaluating the curriculum by implementing the curriculum
indicated that:

2.1 The learning achievement of the experimental groups was higher than that
of the control group at the statistically significant .05 level as shown in Table 17.

2.2 The problem-solving ability of the experimental groups was higher than
that of the control group at the statistically significant .05 level as shown in Table 20.

2.4 The students’ opinions toward instruction in the experimental group : room 1
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and room 2 had the mean scores at 3.64 and 3.53 respectively, which indicated that the
students’ opinions toward instruction showed positive attitude at high level.

The findings from the curriculum evaluation supported the hypotheses of this study.

Section 7: The Results of Curriculum Revision

The data gathered from implementing and evaluating the curriculum were used to
revise the curriculum again. The results of the curriculum revision could be summarized as
follows:

1. Revising the lesson plans about the introductory steps by giving more questions
examples in order to encourage students to participate in the class. Writing the
questions more clearly including adding the questions that relate to students’ life.

2. Revising the lesson plans in terms of teaching-learning processes. Each lesson plan
consisted of two to four learning activities, which should be arranged for the
appropriateness of time for doing activities.

3. Writing the details of organizing activities.

4. Adjusting the time for the students’ presentation in front of the classroom by adding
more time for presentation for each group of students.

5. Describing the details of arranging and preparing groups of students for the
presentations in the lesson plans in order to make teacher understand more how to
explain to students about presenting their works in front of the class.

6. Improving the handouts by adding the contents and describing the details of each
concept with examples.

7. Adding interesting articles related to the contents in each unit.

8. Revising the handouts to look more interesting.

9. Adding the questions at the ends of the lesson plans.

10. Checking and improving wording of instructional materials.



CHAPTER 5
CONCLUSION AND DISCUSSION

This chapter presents the conclusions of the study, discussions, and recommendations

by presenting according to the following topics:

Research Objectives

The main purposes of this study were:
1. To develop a leaner-centered science curriculum on “Chemicals in Daily Life”
for lower secondary students (grades 7-9).
2. To assess the effectiveness of the curriculum by means of:
Curriculum evaluation by experts before curriculum implementation regarding
the appropriateness and consistency of the curriculum components.
Curriculum evaluation by curriculum implementation assessing:

2.2.1) The comparison of learning achievement between the experimental
group using the learner-centered science curriculum and the control
group using the traditional method of teaching.

2.2.2) The comparison of problem-solving ability between the experimental
groups using the learner-centered science curriculum and the control
group using the traditional method of teaching.

2.2.3) The students’ opinions of the experimental group toward the instruction

based on learner-centered approaches.

Research Hypotheses
The hypothesis of this study was:

The learner-centered science curriculum on “Chemicals in Daily Life” for lower
secondary students is effective according to the following criteria:

1. The curriculum evaluation by experts before implementation shows the result that
the draft curriculum is appropriate at the high level and there is consistency
among the curriculum components.

2. Students’ learning achievement of the experimental group after learning has a

higher score than that of the control group with a statistically significant difference.
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3. Students’ ability in solving problems of the experimental group after learning has a
higher score than that of the control group with a statistically significant difference.
4. Mean scores from the Student Opinion Questionnaire toward Instruction of the

experimental group have high level of performance.

Research Instruments

The research instruments used in this study consisted of:
1) The science curriculum on “Chemicals in Daily Life”
2) The lesson plans
3) The curriculum evaluation form by experts

4) The achievement test

)

)

)

)
5) The problem-solving test
6) The student opinion questionnaire toward the instruction
7) The student self-assessment form
8) The record form of the instructional result for teachers

)

9) The student interview form

Research Methodology

The methodology for developing the curriculum in this study consisted of seven stages

as follows:

Stage 1: Studying Basic Data for Curriculum Development
The purpose of this stage was to study the basic data and problem situations about
teaching-learning processes for designing the draft curriculum. The data were gathered
through studying the relevant literatures and interviewing the students using an interview
technique of focus group discussion.
Stage 2: Curriculum Design
The draft science curriculum on “Chemicals in Daily Life” was designed using the
basic data from stage 1. The components of the curriculum consisted of:
1
2

) The principles of the curriculum
) The goals of the curriculum

3) The contents of the curriculum
)

4) The instructional techniques or teaching-learning processes
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5) The instructional materials
6) The assessment and evaluation
Stage 3: The Curriculum Evaluation by Experts

The draft curriculum and the lesson plans were evaluated by experts regarding the
appropriateness and consistency of the curriculum. The data were gathered using the
curriculum evaluation form.

Stage 4: Conducting a Pilot Study

The pilot study was conducted to test the quality of the draft curriculum and to inspect
the feasibility of using the curriculum as well as to check wording of handouts and learning
materials. In addition, conducting a pilot study identified any problems that happened during
instruction.

Stage 5: Curriculum Implementation

The curriculum was implemented to eighth-grade students to assess the effectiveness
of the curriculum. The subjects were 134 students (three classrooms) of
Phutthirangsriphibul School located in Chachoengsao province in Thailand. The subjects
were obtained through the cluster sampling. The Randomized Control-Group Pretest-
Posttest Design was used in this stage. The subjects were randomly assigned to be the
experimental group: room 1 and experimental group: room 2 and control group. The
experimental groups were taught by their science teachers using the learner-centered
science curriculum that the researcher developed. The students in the control group were
taught by their science teacher using the traditional method of teaching. The experimental
group : room 1 and the experimental group : room 2 were taught by different teachers. But
both teachers were trained to use the learner-centered science curriculum by the
researcher before instruction.

The data were gathered using the achievement test, the problem-solving test, the
student self-assessment form, the student opinion questionnaire toward the instruction, and
the record form of the instructional result for teachers.

In this study, there were both quantitative and qualitative data. Quantitative data were
analyzed by using the program of Statistical Package for the Social Sciences for Windows
version 10.0 (SPSS for Windows version 10.0) and qualitative data were analyzed in terms
of a content analysis.

Stage 6: Curriculum Evaluation after Implementation

The curriculum was evaluated regarding the following criteria:
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1) Students’ learning achievement of the experimental groups after learning has a
higher score than that of the control group with a statistically significance difference.
2) Students’ ability in solving problems of the experimental groups after learning has a
higher score than that of the control group with a statistically significance difference.
3) Students’ opinions toward Instruction of the experimental groups show mean scores
at the high level.
Stage 7: Curriculum Revision
The curriculum was revised again using the data collected from implementing and
evaluating the curriculum. The data were analyzed regarding the Student Opinion
Questionnaire and The Record Form for the Instructional Result. The suggestions obtained

from the students and the teachers were used to revise the curriculum.

Conclusions

The findings of this study are presented in the following sections:

Section 1: The results of studying the basic data

The results from studying the basic data could be divided into 2 types: 1) the results of
studying the relevant literature for this study and 2) the results of student interview about
problems and needs for science instruction.

1) The results of studying the relevant literature for this study

The data from studying the relevant literature were useful in designing the draft
curriculum. And also the information gathered from teacher interviews in terms of informal
interviews was used to design the draft curriculum.

2) The results of student interview about problems and needs for science

instruction.

The data were gathered through interviewing with three groups of eighth-grade
students (5 students/group) using focus group discussion. The interview revealed the
problems and needs for science instruction in terms of 1) the content of science curriculum
about chemicals 2) the instruction 3) the instructional materials 4) the assessment and
evaluation and 5) other comments and suggestions.

The results from studying the basic data and the relevant literatures and from

interviewing the students were used in designing the draft curriculum.
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Section 2: The results of the curriculum design
The science curriculum on “Chemicals in Daily Life” was designed consisting of six
components: 1) the principles of the curriculum 2) the goal of the curriculum 3) the content
of the curriculum 4) the instructions 5) the instructional materials and 6) the assessment
and evaluation.
Section 3: The results of the curriculum evaluation by experts
The finding from evaluating the curriculum by experts before implementing the
curriculum could be divided into 3 parts:
1) The curriculum appropriateness evaluation
The appropriateness of the curriculum evaluated by the experts showed the
mean scores from 4.20 to 5.00 and standard deviation from 0.00 to 0.55; that means the
curriculum was appropriate at the high level to the very high level
2) The curriculum consistency evaluation
The result of consistency evaluation of each component of the curriculum
showed the Index of Item Objective Consistency (IOC) from 0.8 to 1.0. This indicated that
the curriculum had consistency among the components.
3) The appropriateness evaluation of the lesson plans
The results from evaluating the appropriateness of the lesson plans showed
the mean scores from 4.2 to 5.0 and standard deviation from 0.00 to 0.55. This means that
the appropriateness level of each component of the lesson plans was at high level to very
high level.
Section 4: The results of conducting the pilot study
The results of conducting the pilot study anticipated the problems occurring during the
instruction in the real situations and to gain the insight for revising the curriculum. After
conducting the pilot study, the curriculum, the lesson plans, and the instructional materials
were revised in terms of adjusting the time for doing the activities of students and the
handouts and worksheets were also revised.
Section 5: The results of the curriculum implementation
The findings of the curriculum implementation to the subjects are presented as follows:
1. Comparison of the learning achievement pretest scores between the
experimental and control groups.

The result indicated that the mean scores among groups were not significantly
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different at the .05 level. This means that there was no significant difference in the pretest
scores of learning achievement test between the experimental and control groups in basic
knowledge.

2. Comparison of the problem-solving pretest scores between the experimental
and control groups.

The results indicated that the mean scores among groups were not significantly
different at the .05 level, which means there was no significant difference in the pretest
scores of problem-solving test between the experimental and control groups.

3. Comparison of the learning achievement posttest scores between the
experimental and control groups.

The results of One-Way Analysis of Covariance (ANCOVA) indicated that there
were significant differences of mean scores among the groups at the .05 level of
significance. And analysis by Post-hoc comparisons found that there was significant
difference of mean scores between the experimental group : room 1 and control group and
there was significant difference of mean scores between the experimental group : room 2
and control group. The result showed that the experimental groups had significantly higher
learning achievement than the control group.

4. Comparison of the problem-solving posttest scores between the experimental
and control groups.

The results of One-Way Analysis of Covariance (ANCOVA) indicated that there
were significant differences of mean scores among the groups at the .05 level of
significance. Analysis by Post-hoc comparisons showed that there were significant
differences of mean scores between the experimental group : room 1 and control group and
there were significant differences of mean scores between the experimental group : room 2
and control group. The results showed that the experimental groups had significantly higher
problem-solving scores than the control group.

5. The results of assessment of students’ opinions toward the instruction

The results indicated that the students’ opinions toward the instruction were at the
high level. The overall evaluation showed the mean scores of the experimental group :
room 1 and the experimental group : room 2 at 3.64 and 3.53 respectively. As a result, the
students in the experimental groups who were taught using the learner-centered science

curriculum had positive opinions toward the instruction in at the high level.
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6. The results of the qualitative data analysis
The qualitative data were gathered by using these research instruments:

1) The Students Opinion Questionnaire toward the instruction

2) The Record Form of the Instructional Result for Teachers

3) The Students Self- Assessment Form

The results of analyzing data are presented as follows:

1) The Students Opinion Questionnaire toward the Instruction

The students gave the opinions that the contents were very interesting and easy
to understand and also built up the awareness about the impact of chemicals on health and
environment. Students learned and worked as teamwork and helped each other complete
the assignments. In addition, they gained several learning skills such as critical thinking
skill, problem-solving skill, investigating data, analyzing data, and presenting data. The
instructional materials were very useful and made the students participated in learning. For
assessment and evaluation, most students preferred the self-assessment test but some still
preferred a multiple-choice test. However, students suggested that several instructional
techniques should be used.

2) The Record Form of the Instructional Result for Teachers

The data were recorded by the teachers who participated in using the curriculum.
The results of data analysis showed that teachers agreed with teaching-learning processes,
which made the students pay more attention to learning and doing activities. Students were
happy and had more fun in learning. But there were some problems during teaching-
learning processes such as the students had no experiences in presenting data in front of
the classroom, the students dared not ask questions or expresse their ideas, some of the
students lacked communication skills and group working skills. The teachers suggested that
a variety of instructional techniques and instructional materials should be included in this
curriculum.

3) The Students Self- Assessment Form

Most students did the self-assessment test well. But some students needed
improvement about writing. Students learned how to summarize the learning issues. They
were able to apply the knowledge to daily life. They participated in doing activities,
discussing the result of works, presenting data with high responsibility. They were
impressed with the instructional processes, which made them improve their critical thinking

skills, problem-solving skills, and planning in working.
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Section 6: The results of the curriculum evaluation
The results of evaluating the effectiveness of curriculum indicated that:
1. The mean scores of the learning achievement of the experimental groups were
higher than that of the control group at the statistically significant .05 level.
2. The mean scores of the problem-solving ability of the experimental groups was
higher than that of the control group at the statistically significant .05 level.
3. The opinions of students in the experimental groups toward instruction showed
the mean scores at the high level of performance.
The findings from evaluating the curriculum supported the hypotheses of this study.
Section 7: The results of the curriculum revision
The curriculum was revised at the last stage of developing the curriculum. The main
points to use in improving the curriculum were revising the lesson plans, handouts,
worksheets and organizing the teaching-learning processes and time for doing activities in

each lesson plan.

Discussions

The results of the study could be described as follows:
1. The result of studying basic data for curriculum development
The result of curriculum design
The result of curriculum evaluation by experts
The result of conducting a pilot study
The result of curriculum implementation

The result of curriculum evaluation after implementing the curriculum

N o o s~ e N

The result of curriculum revision

The detailed description of the results could be discussed as follows:

1. The Result of Studying Basic Data for Curriculum Development
This study aimed to develop the science curriculum based on learner-centered
approaches. This was the part of designing the draft curriculum, which used the several
instructional techniques. There were learning activities that opened the opportunity for
students’ participation in doing activities in group and by themselves. The students used
learning skills such as cooperative learning skills, group working skills, critical thinking skills,

and problem solving skills including discussions and exchanging knowledge with each
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other. In addition, the students also practiced and developed the investigation skills to
construct their own knowledge.

Studying basic data, such as the principle of curriculum development, the process of
curriculum development, the curriculum implementation and the curriculum evaluation
including the relevant literature, was the first stage to gain the useful data for designing the
draft curriculum The development of science curriculum in this study was based on the
curriculum development of Taba (1962) and Saylor and Alexander (1981). In addition, the
other informations related to this study, such as the learner-centered instructions, the
assessment and evaluation, especially the authentic assessment, designing the lesson
plans, creating instructional materials including analyzing the old science curriculum in order
to use these data to design the curriculum, were applied in this study.

Before the curriculum design, 15 eighth-grade students had been interviewed using
the focus group technique in order to question them about science instruction. The
questions for interviewing were divided into five points: 1) Content of science on chemicals
in daily life, 2) Instruction, 3) Instructional materials, 4) Assessment and evaluation, and 5)
Other opinions and suggestions. The results of studying basic data gave information about
the problems of instructions and needs of the students. Somsak Pakwan (2002) had studied
factors affecting to learner-centered instruction and his findings indicated that the curriculum
is one of the factors affecting learner-centered instruction, and the curriculum should be

developed in line with changing of Thai society at present.

2. Curriculum Design
The draft curriculum was designed based on the Taba’'s model (1962) consisting
of 7 steps: Step 1: Diagnosis of problems and needs of learners, Step 2: Formulation
of principles and goals of curriculum, Step 3: Selection of content, Step 4:
Organization of content, Step 5: Selection of learning experiences, Step 6:
Organization of learning experiences, and Step 7: Determination of the method of
assessment and evaluation.

This study aimed to develop the science curriculum based on the learner-
centered approaches to be consistent with the education reform and the National
Education Act B.E. 2542 (1999) and Amendments (Second National Education Act
B.E. 2545 (2002)) which focus on the learner-centered instructions. According to the

National Education Act, the teaching-learning processes aim to enhance students’
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ability to construct their own knowledge through several learning activities. Students
are to have more participation in instruction and they can use learning skills such as
investigating, discussing, interpreting data, and generalizing data by themselves. In
addition, they can work with others in a group and should be able to apply knowledge
in daily life. The instructional management has to be consistent with daily living of
students regarding the ability and the interest while teachers are to act as facilitators.

In this study four instructional techniques were used in designing the lesson
plans: 1) Cooperative learning, 2) Problem solving, 3) Small group discussion and 4)
Teaching by questioning. From reviewing many research, it was found that these four
instructional techniques possessed the effectiveness in developing students’ leaning
achievements and learning skills. (Shachar; & Sharan. 1994; Slavin; & Madison. 1999;

Lambros. 2002; McMilland. 2004; McKeachie. 2002).

3. Curriculum evaluation by experts
The curriculum evaluation by experts was the process of assessing the
effectiveness before implementation. The draft curriculum was evaluated by five
experts regarding the appropriateness and the consistency of curriculum components.
The findings showed that the curriculum was appropriate at the high level as indicated
by the mean scores of appropriateness level between 4.2-5.0. And from evaluating the
consistency of the curriculum it was found that the IOC Index was between 0.8-1.0
which was higher than the criteria setting at 0.5. This finding indicated that the
curriculum components were consistent with each other. The result of evaluating the
appropriateness of the lesson plans indicated that the lesson plans were appropriate at
high level to very high level, which showed the mean scores between 4.2-5.0. The
results of curriculum evaluation by experts indicated that the curriculum was developed
systematically using the basic data surveyed in the first stage. This made the
curriculum is appropriate and consistent.
4. Conducting a pilot study
A pilot study is the stage of trying out the draft curriculum with small group of
students in order to test the effectiveness of the curriculum documents such as instruction
materials, lesson plans and to study the possibility of using the curriculum in the real
situation. The subjects were 16 eighth-grade students taught by the researcher using the

science curriculum that the researcher developed. The pilot study was conducted as a
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micro scale of experiment in which four lesson plans were tried out in 8 class periods of 50
minutes each. The findings of conducting a pilot study revealed the problems that occur
would during the instruction. Some students could not finish the activities and assignment in
time. They did not understand some statements in the worksheets and also in the
handouts. Most students did not know how to work in group and they dare not express their
ideas. And they did not know how to discuss and exchange experiences. In addition
students wanted more documents and handouts.

The results of conducting a pilot study were used to revise the curriculum documents,

lesson plans, and instructional materials.

5. Curriculum implementation
The curriculum was implemented to the eighth-grade students in order to assess
the effectiveness of the curriculum. The following topics are the results of implementing the
curriculum:
The result of comparison of learning achievement scores after learning
of experimental and control groups.
The findings showed that mean scores of learning achievement after

learning of the experimental group were higher than that of the control group at the .05
level of significance which means that the students who were taught using the learner-
centered science curriculum had higher learning achievement than the students who were
taught with the traditional methods of teaching. The results of this study were consistent
with the study of Aujchara Khuajun (2002), which found that the students who had been
taught using the learner-centered instructional activities had a better learning achievement.
This findings were consistent with the study of Nittaya Yonwichai (2002) and Jirakan
Hongchuta (2002). This was because the instructional activities had been developed and
organized the students worked together in mixed groups disregarding their learning ability,
allowing them to learn cooperatively and to participate in various activities. This approach
would enable students to participate in the activities physically, intellectually, emotionally
and socially, while the teacher acted as a facilitator or advisor. This was consistent with the
study of Jaruthat Junburom. (2002) which indicated that teachers’ role in the learner-
centered classroom was important factor to promote students’ learning. In addition there
were some research studies to support the belief that learner-centered approaches are the

effective way to develop learning skills, for example, the learning activities allowed them an
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opportunity to interact with other students both in a group and in classroom. Students
discussed and exchanged ideas and were able to draw a conclusion of what they learned
by themselves. They became more expressive and self-confident. They learned through
group working, group discussion, and brainstorming, and this finding was consistent with
some research studies in which the findings showed that students who had participated in
the learner-centered instruction developed the critical thinking skill, and problem-solving skill
the use of which encouraged students to investigate and construct knowledge by
themselves (Nunhanart Muangmooltree. 2000; Rawadee Lasa. 2002; Frence. 2001;
Tamburo. 1989).

The use of the learner-centered science curriculum can develop the students’ learning
achievement and also learning skills, social skills, communication skill, critical thinking skill,
problem-solving skill. The findings of this study were consistent with the findings of Kwanta
Boonvas (2003), which showed that constructive learning skills of students in the
experimental group, who were taught using the learning management model with
cooperative knowledge construction were higher than those in the control group by which
the traditional method of teaching was used. And the cooperative learning skills of students
in the experimental group were higher than those in the control group with .05 level of
significance.

The goals of the instruction in this study focused on the learners to construct their own
knowledge through a variety of instruction techniques and for them to be able to link the
previous experiences and the new experiences together by themselves as well as to allow
them an opportunity to interact with other and participate in learning. The learner-centered
instruction can promote learning skills. (Meece, 2003; Nunan, 1988; McCombs, 2000,

Trowbridge;& Bybee, 1996).

The result of comparison of problem solving ability after learning of
experimental and control groups.

The findings showed that mean scores of problem-solving ability of the
experimental group was higher than that of the control group at the .05 level of significance,
which means that the students who were taught using the learner-centered science
curriculum have higher problem-solving ability than the students who were taught with the
traditional methods of teaching. The results of this study were consistent with the study of

Phodchanart Buakheo (1992),which found that the learning achievement of the students
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who were taught with the problem solving instruction was higher than students that were
not. According to Yuwadee Luecha (1993), students who were taught with training
curriculum on problem-based learning got competency scores on problem-based learning
higher than students that were not. The findings support the development of the learner-
centered instructional activities as the effective way to allow students an opportunity to
interact with people and the environment. The students were able to draw a conclusion of
what they had learned and were able to apply knowledge to daily life. They had learned
how to plan for problem, to organize their knowledge for easy understanding, and to create
works. This method of instruction encourages students to work cooperatively with others.
They discussed and exchanged ideas and developed problem-solving skills. In addition they
also developed group-working skills.

There are many researches supporting the use of the learner-centered instruction as
means of developing the problem-solving skills of students. This is because the learning
activities offer students a chance to construct their own knowledge through working and
doing activities by themselves. The students developed learning skills such as critical
thinking skill and problem-solving skills. These activities promote students’ participation in
discussing and exchanging their learning experiences with others. They learned more about
social skills and knew how to work with others. The students worked together in group to
solve problems, to make a decision, to plan group working, and learned together.
(Natkaanya Jarearnkietboworn. 2004; Nuchanart Muangmooltree. 2002; Rawadee Lasa.
2002; Matheus. 2002; Faubion. 2001; Ratana Buara. 1997; Kontharot Roswan. 1996;
Prodchanart Buakheo. 1992).

The result of assessing students’ opinion toward the learner-centered
instruction
The findings showed that the mean scores of performance level of

students gathered from the questionnaire are at the high level. The overall evaluation
shows mean scores at 3.64 for the experimental group : room 1 and at 3.53 for the
experimental group : room 2, which indicates that the students in the experimental groups
who were taught using the learner-centered science curriculum have the opinions toward
the instruction at the high level. The students of both experimental groups agree with this
method of the instruction which gives them the opportunity to work together and to help

each other in investigating knowledge. The students liked learning activities that allowed
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them to participate in the instruction and to do activities by themselves. They liked
discussion among friends in group to exchange their ideas and to work on assignment
together. They liked working as a team using the several instructional techniques such as
cooperative learning, problem solving, and small group discussion. In addition the
instructional activities also encouraged them to investigate for data from many learning
sources such as the Internet, magazines, newspapers, journals, articles, and data from
libraries. The students thought that learning like this helped them developing learning skills
and also applying the knowledge to daily life. They linked the knowledge of what they learn
with the real life. In addition, they participated in the self-evaluation and were able to
improve their works including their own learning.

The results of this study were consistent with the study of Natkanya
Jarearnkietbowworn (2004), which found that students who were taught using the problem
solving and cooperative learning had higher problem-solving abilities than before learning at
the .01 level of significance. In addition, the research study of Aujchara Khuajun (2002);
Sukanya Thongwat (2002); and Kamonwan Phothibundit (2000) found that the use of the
learner-centered instructional activities made the students’ learning achievement better. The
data gathered from the interview form and questionnaires showed that students had positive

attitudes toward the learner-centered instruction.

6. Curriculum Evaluation after Inplementation
The findings showed that the learner-centered science curriculum was effective

according to the prescribed criteria as follows:

The results of curriculum evaluation by experts before implementation
showed that the curriculum components were appropriate at the high level to very high level
and the curriculum components were consistent with each other. Also the seven lesson
plans were appropriate at the high level.

The results of curriculum evaluation after implementation showed that:

The learning achievement scores after learning of the
experimental groups were higher than those of the control group at the .05 level of
significance.

The problem solving ability scores after learning of the
experimental groups were higher than those of the control group at the .05 level of

significance.
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The results of assessing the students’ opinions in the
experimental groups toward the instruction showed mean scores of performance level at the
high level.

The results of this study revealed that the learner-centered science curriculum
was effective as a means to develop science learning achievement and problem-solving
skills of students. The curriculum also made students feel positively toward the instruction.
There are some researches in support of this conclusion, indicating that the method of
learner-centered instruction encouraged students to be cooperative with other in learning, to
let them have opportunities to work together in which students were allowed to participate in
doing activities. It also stimulated the students to become more interested in the subject,
with a better comprehension of what they have learned. In addition, the learning activities
were in line with the learners’ interests and needs.

According to the research study of Nittaya Yonwichai (2002), the use of the learner-
centered instruction helped the students construct a body of knowledge by themselves and
resulted in meaningful learning in the students. They acquired the learning process and
learning skills. The findings showed that the students who learned through learner-centered
instruction activities based on cooperative learning developed various personal qualities
such as relational thinking and problem-solving skills. They also developed group working

skills.

7. Curriculum Revision

The curriculum revision was the important stage to make the curriculum more
complete and more effective. The curriculum was revised after implementing the curriculum
to the subjects. The data such as the data from the student opinion questionnaire toward
the instruction, the student self-assessment form, and the record form of the result of
teachers’ instruction gathered from the stage of implementing and evaluating the curriculum
were used to revise the curriculum. Both the students and the teachers who participated in
this study expressed their opinions, which the researcher employed to revise for more

effective curriculum.
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Recommendations

In this study, the following recommendations are thought to be useful for instructions

and for further study.

1. Recommendations for policy making

The director or school administrators should give the importance to a
curriculum development and should promote teachers to have knowledge in designing
curriculum and should budget support for creating the instructional materials. Teachers
should be received training in developing instructional materials, learning management in
classroom including using a variety of instructional activities.

The director or school administrators should organize workshops for teachers
to enhance the knowledge and understanding about learner-centered approaches, a
curriculum development, instructional techniques, assessment and evaluation, in particular

authentic assessment so that teachers will be able to teach more effective.

2. Recommendations for applying the results of this study
Before bringing the curriculum to use in the classroom, teachers should study
the curriculum and the curriculum documents first such as the lesson plans and the
instructional materials in order to make instruction more effective.

2.2 Teachers should study the pattern of using instructional techniques such as
cooperative learning, small group discussion, problem solving, and teaching by questioning
in order to explain how to do learning activities to students before the beginning of
instruction.

Teachers should understand the use of learner-centered instructions
and make ready instructional materials before starting teaching-learning processes.

2.4 Teachers should encourage students to express their ideas and use social
skills so that they can work as a team with group-working skills, communication skills and to
responsible in doing activities with others.

2.5 Teachers should study on the authentic assessment and how to assess
students’ learning. In addition, teachers should use the authentic assessment and various
kind of assessments in order to assessing the students’ learning achievement more

effective.
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3. Recommendations for further research study

3.1 The learner-centered instructions are at the heart of a learning reform.
Therefore a development of learner-centered science curriculum should be studied in order
to develop students’ learning achievement and learning skills. In this study, the researcher
had developed the science curriculum on “ Chemicals in Daily Life”. But there are still many
science contents that should be developed.

3.2 One important principle of the use of learner-centered instructions is the use
of a variety of instructional techniques. In this study, four instructional techniques based on
the learner-centered approach were used: cooperative learning, small group discussion,
problem solving and teaching by questioning. Therefore the research study about using
other instructional techniques to develop science learning achievement and science learning
skills should be studied.

3.3 Teachers have important roles in teaching-learning processes. Therefore
teachers should be supported to develop the learner-centered science curriculum by
encouraging teachers to participate in designing the curriculum. Therefore the research
study on a development of the learner-centered science curriculum focusing on teachers’

role in the participation in the curriculum design should be studied.
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