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The purposes of the study were to develop and implement an upper secondary
science curriculum on genetics that was beyond the core curriculum and enhance students’
ability to use genetic knowledge for making decisions on socio-scientific issues and to study the
results of the curriculum implementation on the students’ understanding of genetics, the
students’ socio-scientific decision making ability, the students’ opinions toward the curriculum
and the teachers’ opinions toward the curriculum. The research study was conducted through
three stages including curriculum development, curriculum implementation, and curriculum
evaluation.

Following these stages and procedures, a draft of the upper secondary science
curriculum on genetics to enhance socio-scientific decision making ability was developed
based on the science strand 1.2 and sub standard of living things and living processes in
Thailand’s Basic Education Curriculum (B.E.C) 2001 at grade 10-12. The content of
curriculum included 4 learning units: the basic knowledge of DNA, genetic engineering, DNA
fingerprinting, and human genome project. The 5Es model of inquiry based on socio-scientific
issues combined with the socio-scientific decision making framework were used as the
curriculum approach in this study. The draft curriculum was verified for quality,
appropriateness, and validity by experts. The draft curriculum was tried out with forty 12"
grade students at Mahidol Wittayanuson School, Nakhonpatom province, Thailand in the first
semester of the academic year 2007.

The revised curriculum was implemented in the class with the students from Mahidol
Wittayanuson School. There were thirty-eight students from 11" and 12" grades in the second
semester of the academic year 2007 and the instruction was conducted in 22 learning periods.
The assessment tools were the achievement test, the socio-scientific decision making ability

test, the questionnaire of students’ opinions toward the curriculum, and the questionnaire of



teachers’ opinions toward the curriculum. The data were analyzed by using mean and standard
deviation. Research hypotheses were tested by t-test for one-sample statistics. The results of
the curriculum implementation indicated that the students’ achievement scores after the
curriculum implementation were significantly different at 0.05 level above the cut-off score of the
achievement test. The students’ socio-scientific decision making scores after the curriculum
implementation were significantly different at 0.05 level above the cut-off score of the socio-
scientific decision making ability test. Moreover, the students’ opinion scores and the teachers’
opinion scores toward the curriculum after using the curriculum were also significantly higher at
the 0.05 level. The research findings revealed that the upper secondary science curriculum on
genetics to enhance socio-scientific decision making ability was effective and could be used in

the classroom.
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CHAPTER 1
INTRODUCTION

Background

The publication of the structure of DNA in 1953 (Watson and Crick in Peters, 1959:16)
has resulted in rapid advances in genetic knowledge. One of the consequences of this
explosion of knowledge has been an emphasis on genetics in biology curricula throughout the
world. Genetics, the study of heredity, has long held a place of central importance in biology
because it unifies what otherwise might appear to be a jumble of dissimilar phenomena. Now,
genetics is playing an increasingly important role in the practical affairs of humans because we
have entered what is being called the biotechnology century. Accordingly, Rifkin (1998: 648)

states that

Scientists around the world are quickly deciphering the genetic code, as they unlock the
mystery of millions of years of the Earth’s biological evolution. As a result of the new breakthroughs in
molecular biology and biotechnology, our way of life is likely to be more fundamentally transformed

in the next several decades than in the previous thousand years.

Moreover, at present, a rapid advancement of genetic science and the impact of new
genetic technologies present socio-scientific issues’ and the application of advanced genetic
knowledge is being debated because of an increasing emphasis on citizen participation in
making policy decisions. However, it is perceived that there has been little exploration of the
opportunities for diverse publics to be involved in decisions about the development or the
applications of the genetic technologies that affect them or are likely to affect them (Bunton,

2001).

1 Socio-scientific issues are issues that involve the products or the processes of science and create
social debate or controversy that frequently are at the frontiers of scientific knowledge (Sadler and Zeidler,

2003).



For science education, socio-scientific issues have become important because they
occupy a central role in the promotion of scientific literacy (Sadler and Zeidler, 2005 cited
Bingle & Gaskell, 1994; Driver, Leach, Millar& Scott, 1996; Zeidler & Keefer, 2003). This
perspective on scientific literacy, which is consistent with standards and reform documents in
the United States (American Association for Advancement of Science, 1990; and National
Research Council,1996) and other countries (Council of Ministers of Education Canada Pan-
Canadian Science Project,1997; Millar & Osborne, 1998; Queensland School Curriculum
Council, 2001), holds that science students need to develop the ability to make informed
decisions regarding scientific issues that are important to society (Sadler and Zeidler, 2005).
Abd-El-Khalick (2003) has also highlighted the ability to make informed decisions regarding
science-related personal and social issues as a significant component and outcome of
scientific literacy.

As such, the importance of preparing students for decision making on genetics-related
socio-scientific issues have been recognized by organizations such as the American
Association for Advancement of Science (AAAS, 1989) and the National Research Council
(NRC, 1996). For example in the National Science education standards of NRC 1996: 256) it is

stated that

Because molecular biology will continue into the twenty-first century as a major frontier of
science, students should understand the chemical basis of life not only for its own sake, but because
of the need to take informed positions on some of the practical and ethical implications of

humankind‘s capacity to manipulate living organisms.

Jeglian, (2000: 627) also pointed out “...all of us will have a responsibility to ensure that the
advances from genome science are used to benefit as many people as possible and to hurt no
one”. As thus, the 21° century citizen with the ability to make a reasonable and right decision is
aimed at by science education especially biology.

Because of the rapid growth in genetic knowledge, there has been an increased

emphasis on providing students with an education that promotes their understanding of



contemporary genetic concepts. There is a need to prepare future citizens to be able to deal
with biotechnology and the social, political, economic and ethical issues raised by its rapid
development. This is critical for the scientific literacy of future citizens. In science education, it is
also important to consider ways to engage students with all aspects of socio-scientific issues so
that they can develop the understanding and skills necessary to assist them in their decision
making and actions.

In an attempt to portray science in a more contextualized way and to bridge scientific
knowledge and social responsibility, it has been argued that an issues-based approach is
appropriate. Pedretti (1999) discussed the project of Pedretti (1996), Ramsey (1993), and Thei
& Nagle (1994) that an issues-based approach utilized in science instruction has the potential
for capturing the complex relationship between scientific knowledge and social responsibility.
Van Driel, Beijaard and Verloop (2001:3) also argued that “... to focus on inquiry as a central
element of the curriculum, to promote students to actively develop their understanding of
scientific concepts, along with reasoning and thinking skills...” In socio-scientific decision
making, either the decision making model (Kortland,1996; Ratcliffe,1997; Cambell and et al.,
1997; Pedretti, 1999; and Edelson and et al., 2006) or socio-scientific reasoning (Sadler D.T.,
Barab A. S., and Scott B., 2007) can help student to make well and reasonable decision on
socio-scientific issues.

However, Souter's (2003:57) analysis of several syllabus guidelines and school
textbooks indicated that “DNA appears mainly in upper-school curricula, with the emphasis
remaining on cellular responses and classical Mendelian genetics. This pattern of progression
is consistent. Substantial areas of contemporary genetics are omitted*.

In Thailand, genetics is one of the biological topics in the science strand of the Basic
Education Curriculum (BEC) of 2001, a core curriculum for Thai education. The national
science curriculum standards were set by Thailand’s institution, The Institution for the Promotion
of Teaching Science and Technology (IPST), and genetics is included within Standard Sc 1.2 of

the first sub-strand, living things and living processes, The Standard 1.2 states that



Standard Sc 1.2: The student should be able to understand the processes of reproduction and
inheritance, evolution of living things, biodiversity, technological applications that impact on man
and the environment, carry out investigative processes, have scientific mind, communicate what is

learned and apply the knowledge gained ( The National Science Curriculum Standards: 6).

An analysis of genetics education in Thailand also reveals a lack of contemporary
genetic content at both the primary and secondary school level. For example in school
curricula, the topic of DNA and classical genetics is mainly restricted to the upper-secondary
school level. Molecular and biotechnology appear at the university level. This insufficiency of
genetics and its technological education is pointed out Trumbo (2000:258) in that teachers and
researchers have an obligation to provide opportunities for all students to develop the best
possible foundation knowledge of genetics as a basis for ongoing learning about emerging
genetic technologies as well as the limitations and realities of the impact of those technologies.
Genetic education should be instructed as it is a part of society and should include the
understanding of genetic knowledge, the role of genetics in relation to other areas of life and the
approaches for preparing citizens to deal with genetic issues. This purpose corresponds with
one of the visions for science learning which is in compliance with the Basic Education

Curriculum from IPST which states

Learning of science should be a developmental process so that the learner acquires proper
knowledge, process and attitude. Every learner should be stimulated and encouraged to be interested
in and enthusiastic about learning science. The learner should also be curious and eager to learn
about the surrounding natural world, be determined and happy about doing research and searching
for knowledge, be capable of accumulating data, analyzing results to reach to answers for questions,
making decision based on reasonable use of data and finally, communicating questions, answers,

data and discoveries from their learning to others (The national science curriculum standards: 3).

From this notion, genetics curricula will prepare Thai citizens to be able to deal with the
biotechnological age are required. If genetic education does not place an emphasis on

biotechnology and the social, political, economic and ethical issues, Thai citizen will be less



able to deal with biotechnological progress and its socio-scientific issues. For developing the
genetic curriculum for Thai students, it requires not only the basic of genetic knowledge within
the national science curriculum standards and current issues of genetics in society but also
the opportunities for students to deal with various kinds of problems regarding genetic issues.
The students therefore have to use their knowledge and thinking skills, especially, a decision
making one. The education in genetic curriculum thus should include 1) understanding of
genetic knowledge and the role of genetics in relation to other areas of life and 2) approaches
for preparing citizens to deal with genetic issues.

This study focused on developing the upper secondary science curriculum on
genetics and its related instructional materials aimed to help students develop an
understanding of genetics beyond the core curriculum and to enhance their abilities to use
genetic knowledge to make decision on socio-scientific issues. To achieve the curriculum’s
purposes, the curriculum was approached by using the inquiry instructional cycle which fits with
the 5Es model (BSCS, 2001) and was based on socio-scientific issues combined with a socio-
scientific decision making framework developed by the researcher. Therefore, the genetic
curricula in this study had on one hand the teaching of students for science content and inquiry
practices. On the other hand it provided practice for students in developing thinking skills on

decision-making by using a systematic thinking framework along with the teacher’s guidance.



Purposes of the Study
The purposes of this study are as follows:
1. To develop the science curriculum on genetics to enhance upper secondary
students’ socio-scientific decision making ability
2. To implement the science curriculum on genetics to enhance upper secondary
students’ socio-scientific decision making ability
3. To evaluate the result after using the curriculum on
3.1 The students who are participating in this study on learning achievement
3.2 The students who are participating in this study on socio-scientific decision
making abilities
3.3 The students who are participating in this study on opinions toward the
curriculum

3.4 The participating teachers’ opinions toward the curriculum.

Significance of the Study

The main result of this study was the development of a science curriculum for upper
secondary school on genetics to enhance socio-scientific decision making ability. This
curriculum incorporated an inquiry instructional cycle, the activities included socio-scientific
issues along with the socio-scientific decision making framework. The curriculum aims to help
students develop an understanding of genetics beyond the core curriculum and to enhance
their abilities for using genetic knowledge to make decision on socio-scientific issues. This
curriculum was used to develop students’ ability to appropriately deal with social changes. In
addition, the results of this study provide guidelines for teachers in science rather than genetic

topics, who wish to include socio-scientific issues in their courses.



Research Questions
The curriculum was assessed by research studies and sought to answer the following

questions.

1. Can students’ study by the genetic curriculum gain more understanding of
genetics?

2. Can students’ study by the genetic curriculum improve their socio-scientific
decision making ability?

3. What are the students’ opinions toward the genetic curriculum?

4. What opinions do teachers have of the genetic curriculum in relation to five
domains: content, instruction, instructional materials, assessment and evaluation, and overall of

the curriculum?

Research Design
The research design of the development of the upper secondary science curriculum
on genetics to enhance decision making ability on socio-scientific issues used in this study is

the Research and Development (R and D) type.

Scope of the Study

This study aims to design and develop the science curriculum for the upper secondary
school students to enhance their socio-scientific decision making ability. The curriculum and its
related instructional materials was developed based on the first sub-strand of the science

strand—living and life existence processes (MOE, 2002).



Limitation of the Study

This study is limited by the requirement of basic genetic knowledge and the
characteristics of the participating students.

1. The content of curriculum in this study are far beyond the genetic topics in the
regular science curriculum for upper secondary students in that this curriculum requires
students to pass the requirement on basic a genetics course.

2. The participating students in this study are the high achievement in science and
mathematics students who study at Mahidol Wittayanuson School, the special science high

school for high achievement in mathematics and science students.

Participants/Sample
The participants of this study were two groups as follows:
1. Participants of curriculum development stage
The participating students in this study were forty12th grade students at the
Mahidol Wittayanuson School, Nakhonpatom province, Thailand. They were interested in
studying the draft curriculum on genetics in the first semester of the academic year 2007.
2. Participants of curriculum implementation
The participating students in this study were thirty-three students in the 11"
grade and five students in the 12" grade at the Mahidol Wittayanuson School, Nakhonpatom
province, Thailand. They were interested in studying the revised curriculum on genetics in the

second semester of the academic year 2007.

Variables of the Study
The variables of this study were as follows:
1. Independent variable:

The implementation of the upper secondary science curriculum on genetics

to enhance socio-scientific decision making ability.



2. The dependent variables consist of:
2.1 Students’ learning achievement
2.2 Students’ socio-scientific decision making ability
2.3 Students’ opinions toward the curriculum

2.4 Participating teachers’ opinions toward the curriculum.

Definition of Terms

The terms used in this study are defined as follows:

1. The Genetic Curriculum: the science curriculum on genetics for the upper
secondary students to enhance their socio-scientific decision making ability. This curriculum
was designed and developed by using genetic issues as themes for development of the
curriculum and its related materials. The curriculum content was treated under four main topics:
Basics of DNA, Genetic Engineering, DNA fingerprinting, and the Human Genome Project.

2. Socio-Scientific Issues: issues which involve the products or processes of science
and technology on social debate or controversies that frequently involved moral and ethical
implications. In this study, socio-scientific issues for the curriculum were socio-biological issues
involving only genetics and its technology.

3. The 5 Es model based on socio-scientific issues combined with a socio-scientific
decision making framework: the strategies or approach for studying socio-scientific issues on
genetics as theme based instruction and related to the science content as well as the
framework’s steps of socio-scientific decision making ability. Therefore, the 5Es model (BSCS,
2001) based on socio-scientific issues was used for curriculum instruction. The steps of 5Es
model were integrated with steps of the socio-scientific decision making framework. The
strategies of this approach consist of five steps: 1) engagement with socio-scientific issues by
identifying problems in socio-scientific issues, 2) exploration through genetic technology by
sorting the relevant facts and finding more information of socio-scientific issues, 3) explanation
about genetic technology and socio-scientific issues by identifying stakeholders of socio-

scientific issues, 4) elaboration of knowledge for new socio-scientific issues by listing possible



solutions for socio-scientific issues, and 5) evaluation of students’ understanding of genetics by
applying their knowledge to make decision on socio-scientific issues.

4. Student’'s Learning Achievement: students’ achievement in science content on
genetics after learning through the curriculum which means students’ abilities to remember,
understand, apply, and the use of scientific process within the curriculum content.

5. Student’'s Socio-Scientific Decision Making Ability: student's ability to make
decisions on socio-scientific issues. The students’ quality of socio-scientific decision making
ability indicates that students’ abilities to identify the problems from socio-scientific issues,
inquire more information for understanding socio-scientific issues, indentify the stakeholders of
socio-scientific issues, list of possible solutions, use of genetic knowledge to make reasonable
and ethical decisions on socio-scientific issues. The students had the opportunity to develop
their socio-scientific decision making by practicing in the socio-scientific decision making
framework developed by researcher.

6. Students’ Opinions toward the Curriculum: view of the participating students
toward the implementation of the genetic curriculum to enhance socio-scientific decision
making ability as well as their impression and suggestions for the curriculum.

7. Teachers’ Opinions toward the Curriculum: view of the participating teachers
toward the implementation of the curriculum on five domains: curriculum content, instruction,

instructional materials, assessment and evaluation, and overall view of the curriculum.

Conceptual Scheme of the Study

The curriculum development in this study was developed according to the view that it
is adequate and important to increase students’ knowledge about science as a process and
also develop their skills in participating in socio-scientific issues particularly on decision making
on socio-scientific issues. The conceptual framework in this research study is shown in Figure

1.
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FIGURE 1 Conceptual Framework of this Study

Research Hypotheses
The hypotheses of this study are:

1. Student achievement scores after the curriculum was implemented are higher
than the cut-off score of achievement test.

2. Student socio-scientific decision making ability scores after the curriculum was
implemented are higher than the cut-off score of socio-scientific decision making ability test.

3. Student opinion scores toward the revised curriculum after the curriculum was
implemented are at high level.

4. Teacher opinion scores toward the revised curriculum after the curriculum was

implemented are at high level.




CHAPTER 2

Review of Related Literature

The goal of this research was to improve Thai genetics education by preparing
and evaluating curricular and instructional materials designed to provide students with
opportunities to learn about biotechnology as well as allow them to develop and practice
their abilities to make decisions on controversial issues. The scholarly literature that is
relevant to the research and research objectives are reviewed in this chapter and described
in five sections as follows: section 1: the status of genetic education; section 2: socio-
scientific issues and science education; section 3: socio-scientific decision making ability;
section 4: teaching science with socio-scientific issues; and section 5: curriculum

development.

Section 1: The Status of Genetics Education

The Thai education system was reformed according to the Thai National
Education Act (TNEA) of 1999. As a result of the TNEA, the Basic Education Commission
of Thailand prescribed a core curriculum known as the Basic Education Curriculum
(BEC) 2001 of which Science is one of eight stands. The eight strands are: 1) Thai
language; 2) mathematics; 3) science; 4) social studies, religion and culture; 5) health and
physical education; 6) arts; 7) career and technology; and 8) foreign languages (MOE.
2002).

Genetics is taught as a part of the science subject. In terms of the science strand,
the National Science Curriculum Standards for a basic education (grades 1-12) was set by the
IPST in 2001. The aims of an education in science, as spelled out by the IPST include the
following:

1. To understand the principles and theories basic to science.
2. To understand the scope, limitations and nature of science.

3. To provide skills for discovery and creation in science and technology.



4. To develop the thinking process, imagination, ability to solve problems, data
management, communication skills and ability to make decisions.
5. To be aware of relationships between science, technology, humans and the
environment in terms of influence and impact on one another.
6. To utilize knowledge and understanding of science and technology for the
benefit of society and daily life.
7. To bestow the scientific mind, moral and ethical sense of responsibility and
proper values so the science and technology will be used constructively

(The National Science Curriculum Standards: 4).

The subject groups specified in the National Science Education Standards for the
basic science that all students should learn consist of contents, concepts, principles and
processes. The subject matters encompass the following eight sub-strands: Sub-strand 1:
Living things and living processes; Sub-strand 2: Life and environment; Sub-strand 3:
matters and properties; Sub-strand 4: Forces and motion; Sub-strand 5: Energy; Sub-strand
6: Processes that shape the earth; Sub-strand 7: Astronomy and space; and Sub-strand 8:
Nature of science and technology. Each science substance is separated into 4 grade level
standards: first level standard grades 1-3, second level standards grades 4-6, third level
standards grades 7-9, and fourth level standards grades 10-12. The core basic science
curriculum runs from simple to more complex content for different grades and is structured
so that students will experience two inseparable components, knowledge and processes.

One vital component in creating strength in science is the management of
education in order to prepare citizens for living in and contributing to a science and
technology intensive society as both efficient producers and consumers (The National
Science Curriculum Standards:1). The expectation was expressed within the National
Science Curriculum Standards that Thai students will participate in activities that will help
them develop reasoning, critical and creative thinking, analytical abilities and skills in
research and creating knowledge. These skills are to be developed through activities that

will engage the students in investigations, systematic problem solving and decision making



based on diverse data and verifiable evidences. It is also expected that they will become

skilled at utilizing technology in data acquisition and management.

1.1 Genetics Education in the Thai National Science Standards
Genetics is one biological topic in the science strand of the Basic Education
Curriculum (BEC) of 2001. Genetics is included within the first sub-strand, living things and

living processes, which have two standards.

Standard Sc 1.1 : the student should be able to understand the fundamental unit of living
things and the relationship between structure and function of various systems that work
together, carry out investigative processes, communicate what is learned and apply the
knowledge for one’s own existence and to care for other living things.

Standard Sc 1.2: The student should be able to understand the processes of reproduction
and inheritance, evolution of living things, biodiversity, technological applications that impact
on man and the environment, carry out investigative processes, have a scientific mind,
communicate what is learned and apply the knowledge gained (National Science Curriculum

Standard: 6).

In terms of Genetics within Standard Sc 1.2, at the end of the highest grade of each

level the student should be able to:

Level Standards grade 1 — grade 3: observe, explore various characteristics of living things
in the neighborhood and explain inheritance of characteristics from father and/or mother to
progeny.

Level Standards grade 4 — grade 6: explore, observe, compare one’s own characteristics
with members of the family and also for living things nearby and explain the inheritance of
characteristics of living things through generations, also characteristics that differ from their
ancestors.

Level Standards grade 7 — grade 9: search for information and discuss the genetic material
in the nucleus, which controls characteristics and processes in the cell, the inheritability of
genetic material and know the positive applications of genetic knowledge

Level Standards grade 10 — grade 12: search for information, discuss and explain the

process of inheritance through genetic material, genetic variation, mutation and biodiversity and



search for information, discuss and explain positive applications of biotechnology, biodiversity,
impacts of biotechnology and biodiversity on the society and environment (From: National

Science Curriculum Standards:11-12)

1.2 Genetics Education in Other Countries

The importance of a biotechnology component is reflected in high school
curricula in many countries such as England and Australia (Harms, 2002). These curricula
typically include modules that address topics such as cloning, the use of genetic
engineering in the production of novel crop species, production of pharmaceuticals in
animals and the use of transgenic animals for human organ donation. Cavanagh, Hood and
Wilkinson (2005) in a discussion of the works of Oka and Macer, 2000; Harms, 2002, and
New South Wales’ s Department of Education stated that the social and ethical issues
associated with the use and development of biotechnology are also included by many high
schools in the rural Riverina region of New South Wales, Australia. It has been suggested
that student opinions of biotechnology can be strongly influenced by the manner in which
the material is presented and the source of their information. Further, a general
understanding of science and its interaction with society is thought to be more beneficial

than detailed knowledge about scientific procedures.

1.3 Genetics for this Study

For Thai genetic education to be equivalent with other countries in terms of its
ability to prepare Thai students for their role in society there is a need for a genetic curricula
that will address both the science of biotechnology and the social issues that arise.
However, from the analysis of the national science curriculum standards and the biology
textbook that is used by all Thai students, it is apparent that there is a lack of contemporary
genetics contents as well as any explicit connection between the genetic knowledge and
issues in students’ daily lives. Thus, given the recommendations of the National Science
Education Standards students will not have opportunities to develop or practice making
decisions similar to those that they will be called on to make as Thai citizens. It is only when
such curricula are in place will we be able to say that students have been adequately

educated to fully participate as citizens. For this reason, an upper secondary science



curriculum on genetics to enhance socio-scientific decision making ability was developed in
this study. This curriculum provided students with a foundation of genetics knowledge
related genetic issues. The genetic understanding was necessary in order to deal with
genetic controversies and also utilized interdisciplinary teaching and pedagogical skills in

order to enhance students’ abilities to deal in reasoned ways with the genetic issues.

Section 2: Socio-Scientific Issues and Science Education

The increasing number and variety of controversial scientific and technological
issues with which citizens are confronted has led, in recent years, to calls for an education
in science which prepares future citizens to participate in resolving such issues.
Understanding of socio-scientific is necessary for a science education which emphasizes

the interconnections between science and society.

2.1 Socio-Scientific Issues
The phrase “Socio-Scientific Issues” has come to represent a variety of social

dilemmas with conceptual, procedural, or technological associations with science (Fleming,
1986(a); Kolstg, 2001; and Zeidler, Walker, Ackett, &Simmond, 2002). Socio-scientific issues
are so named because of the central role of both social and scientific factors in these
dilemmas. Ratcliffe and Grace (2003:2-3) described the nature of socio-scientific issues as
follows:

- have a basis in science, frequently that are at the frontiers of scientific knowledge;

- involve forming opinions, making choices at the personal or societal level;

- are frequently media-report, with attendant issues of presentation based on

thepurposes of the communicator;

- deal with incomplete information because of conflicting/incomplete scientific evidence

and inevitably incomplete reporting;

- address local, national and global dimensions with attendant political and societal

framework;

- involve some cost-benefit analysis in which risk interacts with values;

- may involve consideration of sustainable development;



- involve values and ethical reasoning;
- may require some understanding of probability and risk;

- are frequently topical with a transient life.

Socio-scientific issues differ from other issues because they are real-world
issues where the problem is open-ended, ill structured, and subject to multiple perspective
and solutions. Sadler and Zeidler (2005: 112) stated that current socio-scientific issues stem
from biotechnological advances such as cloning, stem cells, and genetically modified foods
and environmental challenges such as global climate change, land-use decisions, and the

introduction of exotic substances, both biotic and abiotic, into the environment.

2.2 Status of Socio-Scientific Issues in Science Education

Socio-scientific issues used as organizers for science education present many
advantages in science education. This agrees with Pedretti (2001) who argued that issues
present a point of departure for developing and exploring future inquiry, provide a rationale
for the search for information, and more accurately reflect the multi-disciplined nature,
discourse, and activities of the scientific pursuit. Many organizations for science education
in many countries have acknowledged the relationship of scientific knowledge, socio-
scientific issues and society as being an important part of students’ science education.

2.2.1 Socio-scientific issues in Thailand’s science education

In Thailand, IPST also attempts to prepare quality Thai citizens by promoting
scientific literacy that can be a guideline to prepare Thai students who are capable of
applying scientific knowledge in economic development, international competitiveness, and
are happy with a coexistence in a global community and living in the science and
technology intensive society as efficient citizens. More importantly, Thai students should use
their science knowledge reasonably, creatively, responsibly and ethically. This emphasis

was shown in the National Science Curriculum Standards as follows:

Science makes us develop our mental process, e.g., reasoning, creating, analyzing,
criticizing, inquiring, solving problems systematically and making decision based on diverse data
and verifiable evidence. Now that science is considered by many to be a global culture for our

knowledge-based societies, it is necessary for everyone to be equipped with sufficient knowledge



of science and its implications. This goal of scientific literacy for all is to enable us to understand
nature and man-made technological products and to use our scientific knowledge reasonably,
creatively, responsibly and ethically. However, one should not exploit science solely for one’s own
better quality of life, but should use it to guide us toward better utilization, preservation and even
development of the environment and natural resources with equilibrium and long-term

sustainability in mind (National Science Curriculum Standard:1).

However, analysis of science education in Thailand reveals a science and
technology curriculum that is taught as pure science contents. Moreover, the controversies
related to science and technology which occur in Thai society and the global community are
not show much in Thai science education. For example, the genetic technological issues in
Thailand such as the issues of planting GM papaya in Khonkhean province, local socio-
scientific issues, should be added firstly because these issues involved immediate
problems in their communities and they represent real problems. These issues can be used
to encourage the integration of personal and scientific knowledge as more accessible to the
participants. Individual reasoners perceive a greater personal stake in the debates and their
resolutions. Pedretti & Hodson(1995) suggested that if educators desire to use socio-
scientific issues as a means of making science more relevant to students’ lives, then they
need to select local issues. This suggestion was supported by the research of Tytler et al.
(2001) and Patronis et al. (1999) that focused on local issues that produced direct impacts
on their participants. The alternative is developing strategies to help students envision the
connections that exist between more global issues and themselves. Researchers and
practitioners may perceive significant impacts of general socio-scientific issues such as
global warming and genetic engineering, but their students may possess vastly different
perceptions. Therefore, curricula that include these kinds of issues require components that
help students integrate classroom science experiences with their personal lives.

2.2.2 Socio-scientific issues in other countries’ science education

In the United States, two important science education organizations; the
American Association for the Advancement of Science (AAAS) and the National Research
Council (NRC), realize the importance of not divorcing science from its social function. The

AAAS initiated Project 2061: Science for All Americans that set five major criteria for the



selection of science content that may provide a foundation for all subsequent learning

science both in classrooms and in the world:

- Utility: Will the proposed content knowledge or skills significantly enhance the graduate’s
long- term employment prospects? Will it be useful in making personal decisions?

- Social Responsibility: Is the proposed content likely to help citizens participate intelligently
in making social and political on matter involving science and technology?

- The Intrinsic Value of Knowledge: Does the proposed content present aspect of science,
mathematics, and technology that are so important in human history or so pervasive in our culture
that a general education would be incomplete without them?

- Philosophical Value: Does the proposed content contribute to the ability of people to ponder
the enduring question of human meaning such as life and death, perception and reality, the
individual good versus the collective welfare, certainty and doubt?

- Childhood Enrichment: Will the proposed content enhance childhood (a time that is
important in its own right and not society for what it may lead to in later life? (AAAS,1989: 21
describe in Zeidler and Keefer, 2003: 9)

Those criteria acknowledge the importance of socio-scientific issues and
emphasize on scientific discourse and reasoning. According to the AAAS, the science
content should be selected in order to develop students’ life-long science literacy and to
enhance students’ power to deal with controversies that are raised by science and
technological progress. The AAAS (1993) also strongly encourages the link between
science and social function (Benchmarks for Science Literacy, AAAS, 1993) which stated
that “To the degree that schooling concerns itself with values and attitudes-a matter of great
sensitivity in a society that prizes cultural diversity and individuality and is wary of ideology--
it must take scientific values and attitudes into account when preparing young people for life
beyond school (AAAS, 1993: 285 in described of Zeidler and Keefer, 2003: 9)”.

Scientific literacy should be concerned not only with science content and
scientific methods in classrooms but also with science in the context of the real world where
students encounter controversies related to science. For science teaching to reach the
goals of science literacy, the National Science Education Standards was developed by the

NRC. The standard has four central goals:



School science reflects the intellectual and cultural traditions that characterize the practice of
contemporary science. To develop a rich knowledge of science and the natural world, students
must become familiar with modes of scientific inquiry, rules of evidence, ways of formulating
questions, and ways of proposing explanations. The relation of science to mathematics and to
technology and an understanding of the nature of science should also be part of their education.

(National Science Education Standards, NRC, 1996:21)

The considering of the use of socio-scientific issues science classroom is
also found in United Kingdom as represented by the “Beyond 2000: Science Education for
the Future” report from a series of working seminars at United Kingdom’s, King’s College.
This report concerned the successes and failures of science education to date, current
science education needs of children, a suitable model for a science curriculum, and
implementation issues. This report provided direction for contemporary science education
curriculum concerns. It is clear that deliberate and explicit attention has been given to

nature of science issues in the context of socio-scientific concerns:

To sustain a healthy and vibrant democracy, such issues do not require an acquiescent (nor
a hostile and suspicious) public, but one with a broad understanding of major scientific ideas
who, whilst appreciation of the value of science and its contribution to our culture, can engage
critically with issues and argument which involve scientific knowledge. For individuals need to be
able to understand the methods by which science derive the evidence for the claims made by
scientists; to appreciated the strengths and limits of scientific evidence; to able to make a
sensible assessment of risk; and to recognize the ethical and moral implications of the choices

that science offers for actions. (Millar & Osborne, 1998: 2004)

Zeidler and Keefer (2003) in discussing this report stated that the cultural
embeddings of science showed that the fusion of science in culture becomes intertwined

and are inseparable as found in this report in that

“In the popular mind, science-and-technology is often seen as a single entity. It would
therefore be artificial to separate the two and attempt to teach only ‘pure’ science....Technology
is not simply applied science, it is the cultural response of people to problems and opportunities
they have perceived that has shaped the ways we live and work” (Millar & Osborne, 1998:

2018).



They suggested that science education, therefore, should stress social,
political, economic and ethical implication of science as well as an understanding of socio-
scientific issues.

In Canada, the Council of Ministers of Education also has the Pan-Canadian
Science Project which selected science as its first area for collaboration on school
curriculum to help strengthen the personal and professional educative experiences of
citizens in terms of contributing to social, economic and Canadian culture as well as
international communities. The project set the framework of science learning outcomes from
K to 12 and reflects a vision of science literacy that clearly is linked with providing

opportunities for students to develop for inquiry, problem-solving, and decision making.

Science literacy is an evolving combination of the science-related attitudes, skills, and
knowledge students need to develop inquiry, problem-solving, and decision-making abilities, to
become lifelong learners, and to maintain a sense of wonder about the world around them.
Diverse learning experiences...will provide students with many opportunities to explore, analyze,
evaluate, synthesize, appreciate, and understand the interrelationship among science,
technology, and society, and the environment that will affect their personal lives, their careers,
and their future. Specifically, science education aims to prepare students to critically address
science-related societal, economic, ethical, and environment issues (CMEC’s Pan-Canadian

Science Project, 1997: 2-3).

Other science organizations like the Queensland School Curriculum Council
and the Australian Science Teachers Association also advocated for broader
conceptualizations of scientific literacy similar to those described above. Science can also
be equated with social and cultural contexts. In such a view, core scientific values can be
seen as a part of the broader cultural values such as the democratic processes, social
justice, ecological and economic sustainability and peace. Cultural values like these are no
longer viewed as abstract concepts but set in the context of real places and events, past
and present (QSCC, 2001).

In order to respond to reach the goals from science education organizations
in many countries, science educators in the latter part of the 20" century attempted to

integrate controversy related science with other areas of real life. For example, the Science-



Technology-Society (STS) approach focus on the impact of science and technology on
society. The next movement, Science-Technology-Society-and Environment (STSE), attempt
to connect the progressiveness of science and technology with society and environment
concerns. This approach tends to describe the connections among science with a larger
social, cultural and political context. As the 21Stcentury unfolds, socio-scientific issues have
come to represent important social issues and problems which are conceptually related to
science. Many educators have recently argued that the thoughtful negotiation of socio-
scientific issues is fundamental to modern notions of scientific literacy and that socio-
science is a necessary element of today’s classrooms (e.g. Hughes,2000; Driver, Newton,
& Osborne,2000; Zeidler, Walker, Ackett & Simmons,2002).

The literature reviews revealed that many science educators argued that
socio-scientific issues have high advantages because they are used to promote not only
scientific literacy facets such as decision making (e.g. Aikenhead, 1989; Bingle & Gaskell,
1994; Pedretti, 1999; Kolsoto, 2001, Sadler & Zeidler, 2005), argumentation (e.g. Patronis et
al., 1999; Driver, Newton & Osborne,2000; Zohar & Nemet, 2002) but also informal
reasoning (Fleming, 1986a,b; Yang & Anderson, 2003; Sadler & Zeidler,2005), nature of
science (e.g. Lederman,1992; Bell & Lederman, 2003, Sadler, Chamber & Zeidler,2004),
science for citizens (e.g. Kolsto, 2001a,b; and ethic and moral development (e.g. Zeidler,
1984; Andrew & Robottom, 2001).

2.2.3 Socio-Scientific Issues for this Study

The literature reviews showed that socio-scientific issues are useful for
teaching science related to the issues and social responsibility. In this research, the socio-
scientific issues on genetics in a Thai context were used as a part of the curriculum
development. The genetic issues and its related genetic knowledge for this curriculum were
selected by using the information of students’ prior knowledge, the National Science
Standard of Thailand, and the criterion for selection of science content from AAAS. These
issues were used as vehicle for useful contexts to instruct genetics and its technology and
also to promoted scientific literacy for Thai students especially as part of the socio-scientific
decision making ability. The curriculum was implemented to help students have an

understanding of genetics and genetic issues and to enhance their socio-scientific decision



making ability. Participating students had opportunities to practice the decision making on
genetic issues and to link the genetic content to a Thai context so that this curriculum could

empower students in dealing with the socio-scientific issues.

Section 3: Socio-Scientific Decision Making Ability

3.1 Decision Making

Many different descriptions of the decision making process exist. For example,
Raths et al. (1967: 272) stated that “Decision making involves making’ choices and selecting
among alternatives on the basis of laws, principles, generalizations, and rules”. Another
example, McWhorter (1988:122) stated that “Decision making is a process of making
choice”. Thinking for decision making is a thinking strategy or process which is used with
problems which have no clear solutions.

The decision making process is often considered to be identical to problem
solving. Indeed, some experts combine the two into one extended procedure and treat all
problems as essential situations requiring decisions about solutions. Other experts see
decision making as a process that differs considerably from problem solving. As in
description of Beyer (1987: 29), he argued that decision making, unlike problem solving,
involves:

(1) Choosing from a number of acceptable alternatives when
there is no single, objectively correct alternative,

(2) Simultaneous evaluation of such alternatives rather than serial
testing of potential solutions,

(3) Use of qualitative as well as quantitative criteria in analyzing
various alternatives, and

(4) Repeated reference to values in applying these criteria.

According to the idea of Bloom’s cognitive domain, the cognitive thinking
domain is divided into two levels, the lower-order thinking and the higher-order thinking. The
thinking of decision making is one of the higher-order thinking process or a complex

thinking strategy. Kerr (1996) suggests that developing thinking for making decisions is a



part in the development of higher-order thinking which also can be developed through four
thinking processes which are 1) problem-solving 2) decision-making 3) creative thinking

and 4) critical thinking. The relationship of the four thinking processes is shown in Figure 2.

Close End

Problem Solving Decision Making

Converge Divergent

Creative Thinking Critical Thinking

Open End

FIGURE 2: Higher Order Thinking Process
From: Kerr, C. (1996). Assessing Complex Reasoning Process in Senior School Chemistry.
Paper presented for the 14" International Conference on Chemical Education.

Brisbane, Australia.

3.2 Socio-Scientific Decision Making Ability

Socio-scientific issues encompass social dilemmas with conceptual or
technological links to science which frequently are at the frontiers of scientific knowledge.
By definition, socio-scientific issues are complex, open-ended and subject to multiple
perspective and solution. Therefore, the socio-scientific issues decision making ability is a
process to select a most suitable alternative to solve problems or conflicts which involve the
products or the processes of science and create social debate or controversy. The result of
the decision making depends on a situation and available information because a socio-
scientific issue is a problem which is open-ended, ill structured and has no definitive
answers.

The significance of encouragement on students’ socio-scientific decision
making ability has been considered by many science education organizers and

researchers. As in the aforementioned documents, several major educational organizations



in the Unite States of America have argued that scientific literacy should include ability to
make knowledge-based decisions on such issues (NRC, 1996; and AAAS, 1989). For
example, the recognition of the need for decision-making skills in the National Science
Education Standards of America (1996) was stated as “...describe a vision of the
scientifically literate person and present criteria for science education that will allow that
vision to become reality”. The need and relevance of emphasizing decision-making in
science teaching have also been argued by several science educators through the last few
decades (Aikenhead, 1985; Millar & Osborne, 1998; Osborne, 1997; Zeidler, Sadler,
Simmons & Howes, 2004). The skills of decision making are embedded in new content
standards that augment the traditional fields: Science as Inquiry, Science and Technology,
Science in Personal and Social Perspectives, and History and Nature of Science (Campbell,
Lofstrom and Jerome, 1997). Students learning science this way would not just memorize
information, but use scientific thinking to make everyday decisions. By mastering the skills of
decision making, students would be able to identify and state a decision problem; identify
viable options; research risk and benefits; make a decision based on reason methods; and
present the decision coherently and logically. Therefore, a scientifically literate person

makes decisions based on science.

3.3 Prior Studies on Students’ Socio-Scientific Decision Making Ability

The four important factors of students’ socio-scientific decision-making ability

include 1) informal reasoning, 2) socio-scientific reasoning, 3) significance of content

knowledge for socio-scientific decision making, and 4) socio-scientific decision making

model. These factors have been several studies within science education. The details of
each factor are summarized and presented as follows:

3.3.1 Informal Reasoning in Socio-Scientific Issues

The process of resolving the socio-scientific issues is best characterized

by informal reasoning which describes the generation and evaluation of positions in

response to complex situations. This agreed with Means and Voss (1996: 140) who

provided an illustrative description of informal reasoning that assumes importance when

information is less accessible, or when the problems are more open-ended, debatable,



complex or ill-structured and especially when the issue requires that the individual build an
argument to support a claim. Sadler (2004) also argued that the process of resolving these
issues is best characterized by informal reasoning which describes the generation and
evaluation of positions in response to complex situations. Zohar and Nemet (2002: 38)
described the concept of informal reasoning in socio-scientific issues that “It involves
reasoning about causes and consequences and about advantages and disadvantages, or
pros and cons, of particular propositions or decision alternatives. It underlies attitudes and
opinions, involves ill-structured problems that have no definite solution, and often involves
inductive (rather than deductive) reasoning problems”. Therefore, informal reasoning is
often used in situations where reasons exist both supporting and against the conclusion,
such as making decisions about what to believe or what action to take.
3.3.2 Socio-Scientific Reasoning and Socio-Scientific Decision Making
Sadler, Barab and Scott (2006) have recently used the term “Socio-
Scientific Reasoning” in describing their study of the socio-scientific reasoning in water
quality issues with 24 sixth grade students via the 3D virtual world known as “Quest
Atlantis”. These studies were designed to help students build a multi-dimensional
understanding of the water quality dilemma drawing on factors related to water chemistry,
aquatic biology, human-nature interactions, resource management, economics, and politics.
Students completed a series of quests which challenged them to evaluate evidence,
synthesize their findings, and propose a solution to the observed problem. From this study,
they suggested that socio-scientific reasoning is fundamental to the thoughtful negotiation of
socio-scientific issues and address the citizenship goal. They also suggested that the
practice of socio-scientific reasoning is the most significant practice for decision-making in
the context of socio-scientific issues. The socio-scientific reasoning has four specific
practices as follows:
3.3.2.1 Recognizing the inherent complexity of socio-scientific issues
Sadler, Barab and Scott (2006) in a discussion of several reports
where issues ranged from local environmental issues (Kortland, 1996; Pedretti, 1999) to the
use of nuclear fuels (Yang & Anderson,2003) and genetic engineering (Sadler & Zeidler,

2005) have explicitly highlighted participant perceptions of the socio-scientific issues’



complexity as a desired education outcome. Students, who approach a socio-scientific
issue, should understand issue complexity and adopt rational strategies for evaluation of a
conflicting form of evidence, and engage in thinking consistent with their reflection.
3.3.2.2 Examining issues from multiple perspectives
Sadler, Barab and Scott (2006) suggested that advance practice should entail
the ability to analyze socio-scientific issues and potential solutions from diverse
perspectives and recognizing substantive challenges to one’s own espoused position.
Therefore, students who approach socio-scientific issues should consider solution creation
for these issues as well-meaning and thoughtful individuals who can adopt dissimilar but
equally plausible solution to socio-scientific issues based on differences in personal
priorities, principles, and biased.
3.3.2.3 Appreciating that socio-scientific issues are subject to ongoing
inquiry
In the inquiry dimension of socio-scientific reasoning references the
fact that socio-scientific issues are ill-structured problems subject to ongoing investigation.
When scientific and social dimensions are taken together, open questions will create
possibilities for ongoing inquiry. Therefore, Sadler, Barab and Scott (2006:6) stated that
socio-scientific issues are necessarily characterized by a degree of uncertainty;
stakeholders never know all that could be known or have the kinds of information that would
be most helpful in making decision. They therefore argued that advanced practice
regarding the inquiry aspect of socio-scientific reasoning should entail the ability to
conceptualize socio-scientific issues as areas of open inquiry.
3.3.2.4 Exhibiting skepticism when presented potentially biased
information
The last element of socio-scientific reasoning is skepticism which is a
habit of mind foundation to inquiry and scientific practice more generally (NRC, 2000).
Sadler, Barab and Scott (2006:7) argued that many students are not as skeptical of
information as they ought to be. In terms of socio-scientific reasoning, they suggested that
the advanced practice should include the ability to demonstrate skepticism in the face of

potentially biased information and strategies to make well-ground decisions regarding the



selection of information sources. Less sophisticated practice would entail a tendency to
accept information at face value without recognizing potential biases.

From this study (Sadler, Barab and Scott ,2006:9), the rubric for
documenting socio-scientific reasoning emerged. The socio-scientific reasoning rubric for
the complexity, perspective, inquiry and skepticism aspects are shown in TABLE 1. This
rubric was used to develop the rubric scoring of socio-scientific decision making ability test

in this study.



TABLE 1 RUBRIC FOR THE COMPLEXITY, PERSPECTIVE, INQUIRY AND SKEPTICISM ASPECTS OF SOCIO-SCIENTIFIC REASONING

Level
1 2 3 4
Complexity Offers a very simplistic or illogical Considers pros and cons but Constructs the issue as relatively Perceives general complexity of the
solution without considering multiple | ultimately frames the issue as being complex primarily because of a lack | issue based on different stakeholder,
factors relatively simple with a single of information. Potential solution Interests, & opinions. Potential
solution. tends to be tentative or inquiry-base solutions are tentative or inquiry-
based.
Perspectives Fails to carefully examine the issue. Assesses the issue from a single Can examine a unique perspective Assesses the issue from multiple
perspective. when asked to do so. perspectives.
Inquiry Fails to recognize the need for Presents vague suggestions for Suggests a plan for inquiry focused Suggests a plan for inquiry focused
inquiry. inquiry. on the collection of scientific OR on the collection of scientific AND
social data. social data.
Skepticism - Denies differences among Ascribes differences in stakeholder Ascribes differences in stakeholder Recognizes conflicting interests and

Branville case

stakeholder positions.

positions to difference in information.

positions to a desire to avoid blame.

purposes among various

stakeholders.

Skepticism-

Triveca case

Declares no differences among

stakeholders.

Suggests that differences likely exist

among stakeholders.

Describes differences among

stakeholders.

Describes differences and discusses
the significance of conflicting

interests.

Adaped from: Sadler, Barab and Scott (2006:9), What Do Students Gain by Engaging in Socio-Scientific

Inquiry, Paper presented at the National Association for Research in Science Teaching, San Francisco, CA
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3.3.3 The Significance of Content Knowledge for Socio-Scientific Decision
Making Ability

Many researches indicated that the notion for conceptual understanding
of the material underlining socio-scientific issues is important for informal reasoning
regarding those issues. For example, Patronis, Potari, and Spiliotopoulou (1999: 745)
articulate this position as they discuss socio-scientific issues decision making competence:
“a lot of knowledge and information needs to be developed about the nature of particular
socio-scientific issues”. The results of Hogan study (2002) also argued that conceptual
understanding improved reasoning. This similar result was found in Tytler, et al. study (2001)
which also revealed that lack of conceptual understanding limited informal reasoning. One
example of the influence of genetic content for socio-scientific issue on genetics can be
found in the Sadler and Zeidler's study (2004) Where the results of using mix-method
approach to analyze 269 students in the case of applying genetics knowledge to genetic
engineering issues, the authors also indicated that differences in content knowledge are
related to variation in informal reasoning quality. Participants, with more advanced
understandings of genetics, demonstrated fewer instances of reasoning flaws, as defined
by a priori criteria, and were more likely to incorporate content knowledge in their reasoning
patterns than the participants with more naive understandings of genetics. Sadler (2004)
also argued that in the context of a socio-scientific issue such as genetic engineering, this
claim is analogous to asserting that an individual must have some basic knowledge of
heredity to meaningfully engage in informal reasoning. Beyond this most fundamental
application of knowledge, the influence of conceptual understanding on informal reasoning,
argumentation, and decision making is rather minimal according to current research.

All studies reviewed supported the notion that conceptual understanding
of the material that underlies socio-scientific issues is important for informal reasoning
regarding socio-scientific issues. Therefore, the curriculum was developed and
implemented to develop students understanding on genetics and to enhance their socio-
scientific decision making ability. The students begin able to use knowledge, skills, and

adjusted understandings well in novel, diverse, and difficult contexts.



3.3.4 Decision Making Model for Dealing with Socio-Scientific Issues
As a response, several teaching models for thoughtful decision-making
for use in the science classroom have been proposed by Kortland (1996); Ratcliffe (1997);
Campbell, Lofstrom and Jerome (1997); Pedretti (1999); and Edelson, C. D. et al., (2006).
The details of each decision making model is presented as follows:
For the first example, a model of a decision making procedure to
teaching waste management with a problem-posing approach was develop by Kortland

(1996) as shown in Figure 3.

Identify problem <
|

v v

Developing criteria Generating alternative

l |
* Acting and monitoring

A

Evaluating alternative

v

Choosing solution

FIGURE 3 A decision making procedure model in Korthland'’s study
From Kortland, J (1996). An STS case study about students’ decision making on the waste

issue. Science Education, 80(6), 673-689.

The model used in this case study was about students' decision making
on the waste issue in the physical science curriculum. A teaching unit limiting the waste
issue to household packaging waste was developed and trialed with grade 8 middle ability
classes with students aged 13-14 in the Netherlands. The students' existing and developing
decision making ability was assessed against the background of a normative model of the
decision making process, with evaluating alternatives on relevant criteria at its core. The
research connected to the classroom trials shows that before teaching the unit students
were able to evaluate alternatives on one (or more no conflicting) criteria. After teaching the

unit the students argumentations about a decision making situation had improved as far as



validity and clarity of the criteria used for evaluating alternatives is concerned, but remained
stable with respect to the limited range of criteria used.

Ratcliffe (1997) conducted a study to explore the skills, knowledge, and
values of 15-year-old pupils’ decision making, in a United Kingdom school. The pupils made
a decision on environment issues tasks by using a decision making structure. The decision
making contained six steps which may have encouraged a particular logic in following the
structure: 1) Options, 2) Criteria, 3) Information, 4) Survey, 5) Choice,6) Review. The result of
this study found that the chosen discussions represented the observed extremes of ability to
cope with the decision making process. However, the written work produced did not
capture the nuances of the discussions but in all cases, where the written work was
examined alongside the audio-taped discussion, there was a clear reflection of the key
points of the discussion in relation to the decision-making structure.

The next example of thoughtful of a decision making model, Campbell,
Lofstrom and Jerome (1997) published a student-centered curriculum which provided a
model for teaching decision-making that focused on defining the problem, using available
information to predict possible outcomes, identifying stakeholders and values, and reaching
informed decision with four main questions: Step One: What's the Decision?, Step Two:
What Should Happen?, Step Three: What Do We Know?, and Step Four: What's the Answer?
The Cambell, Lofstrom and Jerome’s Model emphasized identification of personal values
and the role they play in decision making.

Pedretti (1999) used “Science World’s Exhibit Mine Game” to present
facts about mining issues for sixth grade students in geology unit. The students did the role
play activity for town meeting in a fictitious town where they had to consider the need of a
zinc mining contract, and if so, which of the two companies would be awarded the
construction contract and why. The students received some information about these two
companies and they were responsible for researching and presentation the issues from their
particular perspective and in accordance with their developed company policies. This is an
issue-based approach in which it was found that there was no significant difference
between girls’ and boys’ response in resolving the mining issues. This study argued that

participation in decision making and values education in science curriculum is appreciated



and necessary for young children. The young students can learn to “unpack” socio-scientific
issues, and a town meeting strategy can be an effective way to reach the research goal.

The last example, Edelson, C. D. et al. (2006) created the Stakeholder
Consequence Decision-Making (SCDM) process which was used to help students develop
their systematic decision making skills. The SCDM process consists of four stages: 1)
establishing constraints and considerations; 2) identifying consequences; 3) assessing
impacts on stakeholders; and 4.) weighing impacts on stakeholders. This process was used
in the eight-week unit for Florida high school students on planning new school and
environmental issues. The researcher found that this decision-making process was
accessible and engaging to a broad range of students.

It was found in all literature reviews that a decision making model can
help students to have systematic thinking which supports students ability to make a sound
decision on socio-scientific issues. From this notion, teaching a model aimed at thoughtful
decision making ideally should build on knowledge of strengths and weaknesses in
students’ way of dealing with controversial issues. For this research, the socio-scientific
decision making framework was developed based on these literature reviews which agreed
that the significant factors of socio-scientific decision making including informal reasoning,

socio-scientific reasoning, understanding of content, and a decision making model.

3.4 Socio-Scientific Decision Making Framework for this study

The traits of socio-scientific decision making ability were summarized from the
previous reviews of the literatures including the characteristic of decision making (Kerr,
1996), socio-scientific reasoning (Sadler, Barab and Scott, 2006), and significant factors of
socio-scientific decision making. These trails of socio-scientific decision making ability were
used as important goals for practice and to improve students’ socio-scientific decision
making ability by including in the steps of the socio-scientific decision making framework.

From this notion, decision making thinking process can be practiced by using a
decision making model. Therefore, the socio-scientific decision making framework for this
study was developed based on the aforementioned literatures. This framework was used to

enhance students’ socio-scientific decision making ability in this study. This framework



consists of six main steps which begin with the identification of problems, relevant facts of
decision maker defining, searching for more information, identifying stakeholders, setting

criteria for selecting solution, and reaching informed decision as shown in Figure 4.

Socio-Scientific Issues Practical Aspects
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FIGURE 4 Socio-Scientific Decision Making Framework for this Study

Each step of the socio-scientific decision making framework was integrated
with the practical components of socio-scientific reasoning and involved factors of socio-
scientific decision making. Using this framework could help students have systematic
thinking and practice their socio-scientific reasoning at the same time; therefore students

could improve their socio-scientific decision making ability.

3.5 Teaching to Enhance Socio-Scientific Decision Making Ability
3.5.1 The explicit teaching for socio-scientific decision making ability

Beyer (1987) suggested that teaching to enhance students’ decision

making ability was explicit teaching with the decision making model and students’ practice



making decision by following the steps of the decision making model. Moreover, Arvai et al.
(2004) also suggested that for thoughtful decision making, teaching students science
content and inquiry practices are important. It is not sufficient to just prepare students to
make well-reasoned decisions. Students must also learn decision-making skills. Allen
(2000) and Arvai et al. (2004) also argued that to be effective, instruction on decision
making should be based on an understanding of how thoughtful decision are made and
common pitfalls of the decision making process. Therefore the decision making model
should be constructed in an explicit way.

However, teaching on values and morals involving socio-scientific issues
would need to be pursued carefully. It would be a mistake for teachers to merely
indoctrinate students with their own particular value with this explicit instruction. The
instruction should strive to make students aware of how value and moral reasoning are used
in decision-making. Bell (2003: 72) gave an example that a skilled teacher might use to help
students realize that when it comes to science and technology, there are no value-free
issues. Whether the topic is nuclear power, space exploration, evaluation, or saving the
condors, public decisions on scientific matters always involve social implications. Therefore,
the curriculum in this study was designed to make students aware of this fact, as well as the
influence of their own values when considering scientific issues as a good start toward
helping them think critically about decision-making.

3.5.2 The classroom setting for the teaching thinking’s socio-scientific
decision making

Beyer (1987) argued that to be effective, the teaching and learning of
thinking, like any subject, requires environments that reinforce and support this teaching

and learning. He suggested that

The most supportive classroom environment for the teaching and learning of thinking exists
where student and teacher thinking can occur continuously, where learning activities regularly
require thinking, and where students and teachers frequently reflect on and discuss their thinking

Beyer (1987).



Oulton et al. (2004: 423) suggested that the teachers’ roles in teaching
about controversial issues who need to make an explicit account of the nature of issues

include:

- Groups within society hold differing views about them.

- Groups base their views on either different sets of information or they interpret the same
information in different ways.

- The interpretations may occur because of the different ways that individuals or groups
understand or ‘see’ the world (i.e. their worldview).

- Differing worldviews can occur because the individuals adhere to different value systems.

- Controversial issues cannot always be resolved by recourse to reason, logic or
experimental.

- Controversial issues may be resolved as more information becomes available.

Effective learning of the skills, strategies, knowledge, and dispositions
that constitute thinking ability requires the use of appropriate classroom climate, subject
matter, teaching processes that provide encouragement, opportunity, and exercise. These
are necessary components of the teaching of thinking which were used to teach thinking of

socio-scientific decision making.

Section 4: Teaching Science with Socio-Scientific Issues

The implications of scientific and technological knowledge for society, for
communities, and for individuals require science and technology to be taught as more than
simply “the facts” or as a passing score on a standardized exam. According to the literature
review, it was found that socio-scientific issues can serve as useful contexts for teaching
and learning science content as well as science in social context. Therefore, using issues
related science can be one way to teach students not only knowledge but also a relation of
the scientific knowledge and society.

There are many styles of the integration science controversy within science

curriculum. Holman (1987) argued that teaching science that relates with technology and



society can be taught in two possible ways: a science first approach and an application and

issues first approach as shown in Figure 5:

Science First Approach
Application and Issues
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FIGURE 5 Teaching Science, Technology and Society
From Holman, J. S. (1987:31-32). Contrasting Approaches to the Introduction of Industry
and Technologyinto the Secondary Science Curriculum. Education, Industry &

Technology.

4.1 Issues-Based Approach

The issues-based teaching and learning is the instructional method that can be
the effective approach to instruct science knowledge and its controversies in society. Alsop
and Pedretti (2001) argued that in issues-based learning (IBL), or event-centered learning
(ECL) societal issues (such as waste management, genetic engineering, nuclear power,
cloning, endemic disease, poverty, etc) become central organizers for science curriculum
and instruction. They also suggested that societal issues used as organizers for science
education present many advantages because the issues provide a rationale for the search
of information, and more accurately reflect the multi-disciplined nature, discourse and
activities of a scientific pursuit. Issues (particularly controversial ones) challenge our beliefs,
values, fears and action. Furthermore, socio-scientific issues can act as valuable tools in
curriculum planning, and can provide the impetus for designing relevant and meaningful
experience for students. The issue forms the building block of the curriculum and
encourages explorations that are socially relevant and personally compelling. The

discussion of socio-scientific issues stimulated dissatisfaction with current level of science



understanding among many participants. This result suggests that the educator could use
socio-scientific issues as a way of motivating students to engage in meaningful learning of
the science concepts which underlie these issues.

Many studies presented show that using issues first approach makes students
more interesting and achievement in science learning. For example in a biotechnology
subject, MacKenzie (2005) used the O. J. Simpson case to teach DNA evidence in a jury
trial and human cloning is of inherent interest to teens. This research found that using a
Crime Scene Investigation (CSI) can stimulate student interest to learn more about biology
and chemistry. Therefore, she suggested that the controversy must interest students. The
controversy needs to relate to their adolescent lives as well as to their lives as future

citizens.

4.2 Inquiry Bases Approach
The “Inquiry” word is a well-know approach in science education. Inquiry is
defined as a seeking for truth, information, or knowledge--seeking information by

questioning. The National Research Council gave the following definition of the inquiry:

Inquiry is a multifaceted activity that involves making observations; posing questions,
examining books and other sources of information to see what is already known in light of
experimental evidence; using tools to gather, analyze, and interpret data; proposing answers,
explanations, and predictions; and communicating the results, inquiry requires identification of
assumptions, use of critical and logical thinking, and consideration of alternative explanations.

(NRC, 1996:23)

As in the previous review, the practice of inquiry can be useful for
negotiation of socio-scientific issues. To enhance inquiry for students, the three major

aspects of the inquiry concepts should be considered as describe in that the:

1) science process skills, include the usual range of science processes, such as observing
and measuring, seeing and seeking solutions to problems, interpreting data, generalizing, and
building, testing, and revising theoretical models;

2) the nature of scientific inquiry is essentially epistemological;



3) general inquiry process, includes strategies, such as problem-solving, use of evidence,
logical and analogical reasoning, clarification of values, decision-making, and safeguards and

custom of inquiry. (Welch; et al. ,1981: 34)

Learning science based on inquiry involves students using past experiences
in science to design and carry out an investigation: gather information, formulate
hypotheses, collect and interpret data, and draw logical conclusions (Cain, 2002). In an
inquiry class, students are active participants as they explore their own questions, and
develop their thinking processes. Teachers act as facilitators, initiators, and coaches in
order to maintain and manage appropriated classrooms that engage students in inquiry-

based learning.
4.2.1 The 5Es Instructional Model

The 5Es model, one instruction model of inquiry instruction, was developed
by the Biological Science Curriculum Study (BSCS). The 5Es include five steps that begin
with the letter “E”: Engagement, Exploration, Explanation, Elaboration, and Evaluation. Each

E step is explained in TABLE 2:

TABLE 2 SUMMARY OF THE BSCS 5-E INSTRUCTION MODEL

Stage Summary

Engagement The teacher or a curriculum task accesses the learners’ prior knowledge and helps
them become engaged in a new concept through the use of short activities that
promote curiosity and elicit prior knowledge. The activity should make connections
between past and present learning experiences, expose prior conceptions, and

organize students’ thinking toward the learning outcomes of current activities

Exploration Exploration experiences provide students with a common base of activities within
which current concepts (i.e., misconceptions), processes, and skills are identified and
conceptual change is facilitated. Learners may complete lab activities that help them
use prior knowledge to generate new ideas, explore questions and possibilities, and

design and conduct a preliminary investigation.




TABLE 2 (Continued)

Stage Summary

Explanation The explanation phase focuses students’ attention on a particular aspect of their
engagement and exploration experiences and provides opportunities to demonstrate
their conceptual understanding, process skills, or behaviors. This phase also provides
opportunities for teachers to directly introduce a concept, process, or skill. Learners
explain their understanding of the concept. An explanation from the teacher or the
curriculum may guide them toward a deeper understanding, which is a critical part of

this phase.

Elaboration Teachers challenge and extend students’ conceptual understanding and skills.
Through new experiences, the students develop deeper and broader understanding,
more information, and adequate skills. Students apply their understanding of the

concept by conducting additional activities.

Evaluation The evaluation phase encourages students to assess their understanding and abilities
and provides opportunities for teachers to evaluate student progress toward achieving

the educational objectives.

From Rodger W. Bybee, et. al. “Full report of The BSCS 5-E Instructional Model; Origin,

Effectiveness, and Applications”, 2006: Online

4.2.2 The 5Es model base on Socio-Scientific Issues

As previously mentioned, socio-scientific issues become central organizers
for science curriculum and instruction because the issues can provide a rationale for the
search for information, and more accurately reflect the multi-disciplined nature, discourse
and activities of a scientific pursuit as well as a way of motivation students. Therefore, socio-
scientific issues were integrated within each step of 5 Es model, a well-know of effective
approach for science education, to be the approach for this study. This approach can make
meaningful learning and show the relation among science content, technology and society.
The 5Es model base on socio-scientific issues consists of five steps as follows: 1)
Engagement with socio-scientific issues; 2) Exploration through genetic technology; 3)
Explanation about genetic technology and socio-scientific issues; 4) Elaboration knowledge

for new socio-scientific issues; and 5) Evaluation of students’ understanding of genetics.



This model had a beginning stage with the engagement of students with
socio-scientific issues on genetic issues which can motivate and make students interested
in the knowledge which is behind the socio-scientific issues. Next, teacher encourages
students to inquire to understand the science related to the socio-scientific issues as well as
to understand the socio-scientific issues. They can use their understanding to make a

decision on such socio-scientific issues.

4.3 The approach for this study

This study aimed to develop the science curriculum on genetics to enhance
socio-scientific decision making ability. The literature review revealed that socio-scientific
issues can serve as useful contexts for teaching and learning science content and also be
positioned as central vehicles for addressing scientific literacy for citizens. The implications
of scientific and technological knowledge for society, for communities, and for individuals
require science and technology to be taught as more than simply “the facts” or as a passing
score on a standardized exam. Kerr C. (1996) also suggests that the decision making ability
can be developed when students learn subjects combined with decision making aspects
and activities for making the decision.

The curriculum approach in this study was integrated with the science
teaching method within the socio-scientific decision making framework for teaching science
content and the development socio-scientific decision making ability at the same time.
Hence, the 5 Es model based on socio-scientific issues was combined with the socio-
scientific decision making framework and was used as an approach in this study, named as
the 5 Es model based on socio-scientific issues combined with the socio-scientific decision
making framework. Each step of the 5 Es model was base on socio-scientific issues and
was integrated with the practical steps of the socio-scientific decision making framework.
The approach used socio-scientific issues related to science to teach students not only
scientific knowledge but also to practice their socio-scientific decision making ability.

The 5 Es model of inquiry based on socio-scientific issues combined with the socio-

scientific decision making framework is summarized as in FIGURE 6.
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FIGURE 6 Framework of Active Learning Approach to Develop Student’s Understand of

Science and Enhance Their Socio-Scientific Decision Making Ability

4.4 Learning Theory Related to the 5Es mode base on Socio-Scientific Issues
Combine with the Socio-Scientific Decision Making Framework Approach
This research attempted to link relationships among science, technology and
society because science is a part of society and it cannot be taught separately from the
world. The 5Es model is based on “constructivism”, a term that express a view of the
student as an active agent who constructs meaning out of his/her interactions with events
(Perkins, 1992). Each “E” represents part of the process of helping students sequence their
learning experiences to develop a connection between prior knowledge and new concepts.
The teacher serves as a facilitator while students construct new knowledge based on

thoughtful inquiry and decision-making.



4.4.1 Dewey’s theory
The purpose of this research conforms to the perspective of John Dewey, a
famous philosopher in American education, who agreed with the relation among science,
technology and society. He argued that teaching science content only was not sufficient to
develop an informed populace capable of using science as a method of inquiry into any
subject. Students should have opportunity to learn knowledge, to apply and to link it with

their world.

Science has as yet had next to nothing to do with forming the social and moral ideas for the
sake of which she is used...(Science) has remained a servant of ends imposed from alien
tradition...science must have something to say about what we do, and not merely about how we
may do it most easily and economically...When our schools truly become laboratories of
knowledge-making, not mills fitted out with information hoppers, there will no longer be the need
to discuss the place of science in education. (Dewey, 1974:192 described in Dana L. Zeidler &

Matthew Keefer, 2003: 7)

This theory can be applied in the research in which students are
encouraged to learn science and to practice their socio-scientific decision making ability
through the real world issues. The situation can help them practice to be faced with the
complex of socio-scientific issues.

4.4.2 Constructivism Theory

The constructivism theory also holds that each builds a personal set of
knowledge which evolves as he or she relates new information and puts it to own meanings.
This is an idea of postmodern philosophy which holds that knowledge is individually created
and that people determine reality as they interact with others and with the perspectives of
their culture. Because of the variety of people and conditions individual learners encounter
in their lives, school programs should provide students with opportunities to learn about
different peoples and cultures (Armstrong, 2002). Beck (1993) argued that it is the same
reason to explain why we have a unique view of reality because every one of us has a

private set of purposes and understandings.



To consider with individuals prior knowledge, the educator will attempt to
design activities in order for students to practice constructing their own knowledge. From
constructivist perspective, instruction should be students’ center which will pass through
many methods, for example inquiry techniques and problem solving. Armstrong (2002:111)
argued that educators have an obligation to provide curricula that provides them with
opportunities to engage rich and diverse perspectives. This is true because today’s
students will come to adulthood in a culturally and racially mixed world. The educators will
provide students’ opportunities to encounter the perspectives of many cultures and to
consider diverse value sets as they strive to work out their own personal priorities.
Instructional approaches should emphasize democratic decision making, open-ended
conclusions, and the importance of ongoing dialogue about important issues.

Learning science from the constructivism view is the process in which
students will inquire, search, and investigate knowledge by themselves. They will
understand and gain knowledge and could construct concepts on their own.

4.4.3 Social constructivism

Lev Vygotsky is responsible for the social development theory of learning.
He proposed that social interaction profoundly influences cognitive development which is
called “Zone of Proximal Development”. He describes this as “the distance between the
actual development level as determined by independent problem solving and the level of
potential development as determined through problem solving under adult guidance or in
collaboration with more capable peers (Vygotsky, 1979 cited by Department of Psychology,
Massey University, 2003: Online). Students’ learning requires interaction with adult or peer

as seen in Figure 7.
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FIGURE 7 A Possible Representation of ZPD

From: Steve Alsop. (2001: 50). Learning Science in Teaching Science: a Handbook for

Primary &Secondary School Teacher.

Vygotsky’s views emphasize the importance of teaching; intellectual
development is seen as a process of teaching and learning that involves a social exchange
in which meanings are shared between teacher and student until the student is able to work
on his or her own. In this context, the role of teachers is to facilitate the learning task to make
it possible for the child to accomplish. During instruction, teacher does not adjust the task
but offers support and guidance in such a way that learners are able to extend their
intellectual range so that teacher facilitation can come in variety of forms, depending on the
nature of the task.

From this perspective, curricula should be designed to emphasize
interaction between learners, learning tasks, and the adult’'s guidance. In terms of teaching,
the zone of proximal development was considered to teach for the improvement of the
students’ actual developmental level to their potential development by social interaction. In
terms of assessment, the zone of proximal development was used for assessment for what
students can do on their level of actual development and what they can do with help in their

potential development.



Section 5: Curriculum Development

With respect to genetics education in Thailand there is a need for curricula that
prepares Thai students to become active citizens. To achieve this goal, genetics curricula
needs to be developed in order to include the consideration of the relationships among
society, the learner, and knowledge. These curricula embed science learning in the context
of realistic societal decision making.

To develop the curricula, curriculum specialists (Tanner & Tanner, 1995; Tyler,
1949) have identified three major sources of, or major influences, on the curriculum; 1)
society, 2) the learner, and 3) knowledge. Davis (2002) also argued that much interest in the
source of the curriculum can be traced back to the work of John Dewey. Davis stressed the
importance of Dewey's work that led educators to focus increased attention on the
connection among students, their social world, and the application of academic knowledge
to the students’ world. Dewey’s efforts encouraged curriculum developers to orient school
programs in ways that blurred the lines of separation between the school and the larger
society. In terms of science education, Dewey argued that teaching science as “ready-
made knowledge” consisting of facts, principles, and laws divorced from the social activity
of science was not sufficient to develop a populace informed about scientific knowledge
and the methods of inquiry that scientists use to generate that knowledge.

To develop the curriculum, Saylor, Alexander, and Lewis (1981) outlined a concise
four step planning model, which includes 1) goals and objectives, 2) curriculum design, 3)
curriculum implementation, and 4) curriculum evaluation. This planning model is influenced
by several social forces and three social sources of curriculum society, the learner, and

knowledge. The Saylor, Alexander and Lewis’s planning process is show in Figure 8:



GOALS and OBJECTIVES

CURRICULUM DESIGNIG
Decisions as to design(s)
made by the responsible
curriculum planning group(s)
for a particular educational
center. Various prior
decisions by political and
social agencies may limit the

final design(s)

CURRICULUMIMPLEMENTATION
(Instruction)
Decision as to instructional modes
made by the responsible
teacher(s). The curriculum plan
includes alternative modes with
suggestions as to resources,
media, and organization, thus
encouraging flexibility and more

freedom for the teacher(s) and

CURRICULUM EVALUATION
Decision as to evaluative
procedures for determining
learner progress made by the
responsible teacher(s).
Decisions as to evaluation the
curriculum plan are made by
the responsible planning
group. Evaluative data become

bases for decision making in

students. further planning.

FIGURE 8 The Curriculum Planning Process of Saylor, Alexander, and Lewis
From: Saylor, Alexander, and Lewis. (1981: 30). Curriculum Planning for Better Teaching and

Learning. 4" ed. New York: Holt, Rinehart and Winston

5.1 Curriculum Design

Ornstein & Hunkins (1993: 232) wrote that curriculum design is “...the way in
which curricula are created, especially the actual arrangement of the parts of the curriculum
planning”. In the design phase, curriculum development models act as a roadmap for
curriculum construction for curriculum developers. There are many curriculum development
models that have been proposed by educators (Tyler, 1949 and Taba, 1962).

The backward design framework (Wiggins and McTighe, 1998) is a recent
curriculum development framework that encourages curriculum developers to design a
curriculum by starting with the end—the desired results (goals)—and then deriving the
actual curriculum so that the goals are realized and so that students can provide evidence
of learning in the form of performances. The backward design framework has three stages,
including 1) identify desired result, 2) determine acceptable evidence, and 3) plan learning

experiences and instruction (Wiggins and McTighe, 1998: 9). In the first stage, the desired



results are identified in light of the curriculum goals; content standards; review of curriculum
expectations; and what students should know, understand, and are able to do. This step will
help the curriculum developer to consider what students should gain during the course. The
backward design process begins with a diagnosis of need which is like the curriculum
development framework of Tyler (1949) and Taba (1962).

Tyler's framework for developing curriculum is based on four fundamental

questions:

1. What educational purposes should Objectives

the school seek to attain?

2. What educational experiences can be
Selecting learning experiences
provided that is likely to attain these purposes?

3. How can these educational experiences

be effectively organized? Organizing learning experiences

4. How can we determine whether these

A 4

purposes are being attained?
Evaluation

FIGURE 9 Tyler's framework for answering the four basic curriculum questions
From Colin J. Marsh. (2004: 203). Key Concept for Understanding Curriculum.

RoutledgeFalmer: New York.

Tyler pointed out the importance of the educational objectives as criteria by which
instructional materials are selected, content is outlined, instructional procedures are
developed, and examinations are prepared. He stated that “The purpose of a statement of
objectives is to indicate the kinds of changes in the student to be brought about so that
instructional activities can be planned and developed in a way likely to attain these
objectives (Tyler, 1949: 45)”.

The importance of a clear educational objectives is also found in the curriculum
development model of Taba which consists of seven steps as follows: 1) analyzing the
needs, 2) setting objectives, 3) selecting content, 4) organizing content, 5) selecting

learning experiences, 6) organizing learning experiences, and 7) determining what to be



evaluated by what ways and means (Taba, 1962: 12). The Taba’s model also begins with the
need for curriculum development.

All curriculum development models in this literature review strongly agreed with
Wiggins and McTighe who strongly argued that clear goals are essential. The clear goals
will lead to the worth selection of topics, significant materials, and good teaching methods.
They argued that the backward design process is the most effective curriculum design
because they advocate beginning for deriving curriculum from targeted goals or standards
rather than to begin with a textbook, favored lessons, or time-honored activities. The
framework helped curriculum developers to avoid common inadequacies in the curriculum
and assessments.

The second stage of the backward design process is the determination of
acceptable evidence of student understanding. In this step curriculum developers need to
identify what is acceptable evidence of student understanding for the curriculum. The
backward design approach encourages curriculum developers to think about a unit or
course in terms of the collected assessment evidence needed to document and validate
that the desired learning has been achieved. The backward design approach encourages
teachers and curriculum developers to first think like an assessor before designing specific
units and lessons and thus to consider up front how they will determine whether students
have attained the desired understanding. The desired outcomes on students in this
curriculum development were students’ understanding of genetics, the students’ socio-
scientific decision making ability, and the students’ opinions toward the curriculum.

The last stage of the backward design involves planning of learning
experiences and developing the actual instruction. This step leads to instructional activities
which are matched with the previously identified enduring understandings and appropriate
evidence of understanding. Wiggins and McTighe (1998: 13) suggest several key questions

that must be considered at this stage of the backward design process:

1. What enabling knowledge (fact, concepts, and principles) and skills  (procedures) will
students need to perform effectively and achieve desired result?

2. What activities will equip students with the needed knowledge and skills?



3. What will need to be taught and coached, and how should it best be taught, in light of
performance goals?
4. What materials and resources are best suited to accomplish these goals?

5. Is the overall design coherent and effective?

The Backward design is goal directed. The desired results of stage 1 dictate
the nature of the assessment evidence needed in stage 2 and suggest the types of
instruction and learning experiences planned in stage 3. The logic of backward design
suggests a planning sequence for curricula. This backward design framework was therefore

used for development the curriculum in this study.

5.2 Curriculum Implementation

The term “implementation” refers to the “actual use” of a curriculum/syllabus, or
what it consists of in practice (Fullan and Pomfret, 1977 cited by Marsh J., 2004: 65).
Curriculum starts as a plan. It only becomes a reality when teachers implement it with real
students in a real classroom. Marsh J. (2004: 65) stresses that “careful planning and
development are obviously important, but they count for nothing unless teachers are aware
of the product and have the skills to implement the curriculum in their classrooms”.
Therefore, participating teachers were prepared and trained for using the curriculum
including their understanding on genetics and its issues, the curriculum approach, and
assessment before using the curriculum. This phase is the implementation of the curriculum
in the classroom to collect desired learning outcomes of the curriculum including the
students’ achievement, the students’ socio-scientific decision making ability, the students’
opinion toward the curriculum, and the teachers’ opinion toward the curriculum as well as to
test the feasibility of using the curriculum. During this phase, data were collected by using
assessment tools including the students’ achievement tests, students’ socio-scientific
decision making ability test, the questionnaire of the students’ opinion toward the

curriculum, and the questionnaire of the teachers’ opinion toward the curriculum.



6.3 Curriculum Evaluation

Although evaluation of the curriculum is the last step of curriculum
development, it is an essential phase of curriculum development. This is because the
reason for curriculum evaluation is to make improvements to the curriculum. As new
curricula are developed and implemented, there is a need to determine whether they are
being used effectively and whether they are meeting the needs of students. The curriculum
evaluation includes analyzing data and making judgments based on the data collected
during the curriculum implementation. Through evaluation a curriculum developer discovers
whether a curriculum is fulfilling its purpose and whether students are actually learning. As
such, in this step, all data from the curriculum implementation were analyzed by curriculum
developer. The results were used to determine the effectiveness of the curriculum.

Cut-off score and curriculum evaluation

To determine the effectiveness of curriculum, the cut-off score was set for

using as an optimal criterion-referenced score, a pass point score or minimal competence
score for an assessment tool. The cut-off score was used to determine or identify students
who possess the minimally acceptable learning outcome. This score maximizes the
probability of correct mastery-non-mastery decisions. The cut-off is used as the score to
separate those who pass a test form those who do not. Therefore, students who take a test
and do not have their score higher than the cut-off score are interpreted as the non-mastery
students. Students who take the test and do have their score higher than the cut-off score
are interpreted as the master students. Sayyod and Sayyod (2000) suggested that setting a
cut-off score is highly important. Because if a cut-off score is too high or too low score, it will
cause the wrong determination for students.

The a cut-off score was set and used to indentify students into four groups
including True Masters (TM), False Masters (FM), True Non-masters (TN), and False Non-

masters (FN) as presented in FIGURE 10.
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FIGURE 10 Predictor X criterion classifications of students for instructed and uninstructed
group score distributions on the capitalization test

From Berk, A. R. (1976:6).Determination of optional cutting scores in criterion-referenced

measurement. Experimental Education.

The effectiveness of a cut-off score could be set by several methods; however,
the Berk A.P. (1976) has a famous method to find the cut-off score. This method consists of
three steps including 1) finding the probability of decision, 2) finding the highest probability
of correct decision and the lowest probability of incorrect decision, and 3) finding the
validity of the coefficient. These steps help to determine the optimal cut-off score which was
use as a criterion-reference score for identify students who passed or failed in the
assessment. The success of using the cut-off score in curriculum evaluation was found in
Singweeo, A. (2006) who used the cut-off score as the standard score to evaluate the
effectiveness of his study on achievement, science process skills, problem solving and
decision making. Therefore, this curriculum development set the cut-off score of
achievement and socio-scientific decision making ability which was used as the standard

score to evaluated the effectiveness of this curriculum.



CHAPTER 3
RESEARCH METHODOLOGY

This chapter describes the details of the research methodology used for
developing the upper secondary science curriculum on genetics to enhance socio-scientific
decision making ability. This chapter consisted of three sections as follows: section: 1:
target source of the research; section 2: procedures of curriculum development; and section

3: statistics.

Section 1: Target Source of the Study

Pilot Study Phase
The pilot study aimed to check the quality of the draft curriculum such as the
student guidebook, the lesson plans and to familiarize the teachers with the teaching
strategies before the curriculum implementation stage.
The target source of this phase was a biology teacher and two classrooms of
12" grade students who were studying in the first semester of the 2007 academic year at

Mahidol Wittayanuson School, Nakhonpatom province, Thailand.

Main Study Phase
The purpose of curriculum implementation was to assess the effectiveness of
the revised curriculum as well as to test the feasibility of using the curriculum.
The target source of this phase was two biology teachers and two classrooms
of 11" grade and 12" grade students who were studying in the second semester of the 2007

academic year at the same school as in the pilot phase, Mahidol Wittayanuson School.
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Section 2: Procedures of Curriculum Development

The science curriculum on genetics for the upper secondary student to enhance

socio-scientific decision making ability was developed by three main stages as follows:

stage 1: curriculum development; stage 2: curriculum implementation; and stage 3:

curriculum evaluation. Three stages are summarized as a concept scheme of study shown

in Figure 11..

Curriculum Development

Il

Studying Basic Information

{

Designing Curriculum

Studying the relevant literature for curriculum design e.g. Basic Education

Curriculum of 2001, National Science Curriculum standards, Biology Text book.

v

1]

Evaluating Curriculum

by Experts

!

Conducting a Pilot Study

{

Revising the Draft

Curriculum

v

Developing a draft curriculum consisted of 6 steps; 1) analysis of the basic data,
2) formulation of the curriculum Goals, 3) selection and organization of contents,
4) identification of desired result and determination of acceptable evidence,
5) selection and organization of learning experiences and, 6) assessments and

evaluation develooment.

!

Consulting with the group of experts, including, curriculum developer, biology
teacher, and geneticist, in order to examine and verify a draft curriculum on

appropriateness and consistency of the draft curriculum.

v

A pilot study was conducted to test the quality of the curriculum with40 twelve

grade students in the first semester of 2007 academic year.

3

The draft curriculum was revised in accordance with the result of the pilot study

“ Curriculum Implementation

:

v

. . th th
Implementing the curriculum to a classroom of 11" and a classroom of 12 grade

students who were studying in the second semester of 2007 academic year.

»
Implementing the Curriculum 7 7
i Evidence of student learning both quantitative and qualitative data were gathered
»
Collecting Data "| by teachers and the researcher
v 3
Curriculum Evaluation Curriculum was evaluated by analyzing: students’ learning achievement, students’
¢ socio-scientific decision making ability, the students’ opinions toward the
curriculum, the teachers’ opinions toward the implementation of curriculum, and
Analyzing Data >

data of classroom observations.

FIGURE 11 The conceptual framework for the curriculum development
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Stage 1: Curriculum Development
1.1 Studying Basic Information

The purposes of this stage were to study the relevant science education for
the curriculum development such as Thai National Education Act (TNEA) of 1999 and
Amendments (Second TNEA of 2002), Basic Education Curriculum of 2001, National
Science Curriculum Standards, Biology text book from IPST. Moreover, the relevant
documents on genetic education such as genetic content, biotechnological instructions in
Thailand and other countries, relationships of socio-scientific issues and science education,
inquiry approaches and its relevant learning theories, teaching for thinking, and assessment
were also studied.

1.2 Designing a Draft Curriculum

In this stage, the draft curriculum was designed and developed according
to gathered information from previous stage by using six main steps as follows:

Step 1: Analyzing of the Basic Data

This step aims to analyze the information from previous stage, the

gathered information including the basic information, the needs of learners and teachers,
status of genetic education in Thai society and other societies, genetic researches and
genetic issues were analyzed for use in designing the draft curriculum on genetics. The draft
curriculum was developed in line with the Thai National Education Act (TNEA) of 1999 and
Amendments (Second TNEA of 2002), the Basic Education Curriculum (BEC) of 2001 and
the National Science Curriculum Standards from IPST as well as the analyzed information.
The draft curriculum consisted of the content and activities, lesson plans, instructional
materials, and the assessments and evaluations.

Step 2: Formulating of the Curriculum Description and Goals

The curriculum description and the curriculum leaming goals were

formulated in order to provide a framework for setting learning experience for learners. The
goals had to be in concordance with the basic data, the goals of the TNEA of 1999 and
Amendments (Second TNEA of 2002), the goals of the BEC of 2001 and the National

Science Curriculum Standard.
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Step 3: Selecting and Organizing of Contents

According to the curriculum goals, the content was selected and
organized based on the BEC of 2001, the National Science Education Curriculum Standard,
and students’ prior knowledge of genetics. The curriculum content gone beyond the core
science curriculum for helping students develop an understanding of genetics and its
technologies and enhancing their abilities to use genetic knowledge to make decisions on
socio-scientific issues. The framework of the curriculum contents consisted of four learning

units as shown in TABLE 3.

TABLE 3 THE CONTENTS IN THE DRAFT CURRICULUM

2]
S o
2| & £ 35
Learning Units Contents 3 s % 2
= | 9 o &
[}
—
Introduction Time - Achievement Test Before Using the Curriculum
- Socio-Scientific Decision Making Test Before | 1 - 2
Using the Curriculum
Introduction Course Framework - 1
1. Basics of DNA 1.1 Mendelian and Non-Mendelian Genetics 5
1.2 DNA as the Genetic Material 1 1
1.3 From Gene to Protein
2.Genetic Engineering | 2.1 Genetic Engineering Method 3 2 2
2.4 Genetic Engineering: Plant Aspect 4 3 2
3. DNA Fingerprinting | 3.1 DNA Fingerprinting Method 5 4 2
3.2 Use of DNA Fingerprinting 6 5 2
4. Human Genome 4.1 Introduction of Human Genome Project 7 6 2
Project 4.2 Use of Human Genome Project 8 7 2
Conclusion Time - Achievement Test after using the curriculum
- Socio-Scientific Decision Making Test After Using 9 - 2
the Curriculum
Total 9 7 18
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Step 4: Identifying of Desired Result and Determining of Acceptable

Evidence

After setting the curriculum goals, the desired results, acceptable
evidences and learning plans for each goal was identified by using the template of
backward design for designing the learning units. The template design in this research is

shown in TABLE 4.

TABLE 4 THE TEMPLATE OF BACKWARD DESIGN

Stage 1 — Desired Results

Established Goals: What relevant goals (e.g., content standards, course or program objectives, learning

outcomes) will this design address?

Understandings: Students will understand that... Essential Questions:
® \What are the big ideas? ® What provocative questions will foster
® \What specific understandings about them are inquiry, understanding, and transfer of
desired learning?
® \What misunderstandings are predictable?

Students will know... Students will be able to...
® \What key knowledge and skills will students acquire as a result of this unit?

® \What should they eventually be able to do as a result of such knowledge and skills?

Stage 2 — Assessment Evidence

Performance Tasks: Other Evidence:
® Through what authentic performance tasks will ® Through what other evidence (e.g., quizzes,
students demonstrate the desired tests, academic prompts, observations,
understandings? homework, and journals) will students
® By what criteria will performances of demonstrate achievement of the desired results?
understanding be judged? ® How will students reflect upon and self-assess
their learning?

Stage 3 — Learning Plan

Learning Activities: 1) Engagement with Socio-Scientific Issues; 2) Exploration for Genetic technology; 3)
Explanation between Genetic technology and Socio-Scientific Issues; 4) Elaboration of Knowledge to
New Socio-Scientific Issues; and 5) Evaluation based on application to make decision on socio-scientific

issues

Adapted from Wiggins, G and McTighe, J. (2005: 22) Understanding by Design.
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Step 5: Selecting and Organizing of Learning Experiences and

Assessments

The analyzing results of the backward design’s template were used as
guidelines to organize content and activities in student guidebook and to setting
assessments in according with the desired result and exceptional evidences. The lesson
plans were designed according to the student guidebook including the instructional
materials such as documents for instruction, worksheets, and evaluation tools. The lesson
plans consisted of 8 components as follows: 1) main concept, 2) learning objectives, 3) prior
knowledge, 4) topics of content, 5) teaching and learning processes, 6) instructional
materials, 7) learning resources, and 8) assessments and evaluations.

Step 6: Developing of Assessment and Evaluation

The assessment tools were developed for gathering four main data: the
students’ learning achievement, the students’ socio-scientific decision making ability, the
students’ opinions toward the curriculum, and the teachers’ opinions toward the
implementation of the curriculum. The following sections described the details of
construction the assessment tools for each data.

1. The Students’ Learning Achievement

For assessing of the students’ learning achievement, both of the
formative assessment and summative assessment were used to gain the data.

1.1 The formative assessments looked for students’ performances during
the instructional process using an authentic assessment by a variety of assessment
methods such as questioning, classroom observation, worksheets, students’ group working.

1.2 The summative assessment was the test considering the students’
cognitive domain the students’ understanding of genetics. In this study, the students’
cognitive domain was categorized by using the categories of the cognitive dimension of a
revision of Bloom’s taxonomy of educational objectives (Anderson and et al, 2001: 28). The
test was given as pre and posttest of the curriculum implementation and developed in eight
steps as follows:

Step 1: The construction of the achievement test and the relevant

documents were studied.
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Step 2: The curriculum goals, learning outcomes, and content were

identified by using the categories of the cognitive dimension of a revision of Bloom’s

taxonomy of educational objective. The details of six categories of cognitive process

dimension are described in TABLE 5.

TABLE 5 THE SIX CATEGORIES OF THE COGNITIVE PROCESS DIMESION

CATEGORIES
COGNITIVE PROCESSES

ALTERNATIVE NAME

DEFINITIONS AND EXAMPLES

1. REMEMBER-Retrieve relevant knowledge form long-term memory

1.1 RECOGNIZING Identifying Location knowledge in long-term memory that is
consistent with presented material (e.g., Recognize
the dates of important events in U.S. history

1.2 RECALLING Retrieving Retrieving relevant knowledge from long-term

memory (e.g., Recall the dates of important events

in U.S. history

2. UNDERSTAND-Construct meaning from instructional messages, including oral, written, and graphic

communication

2.1. INTERPRETING

Clarifying, paraphrasing,

representing, translating

Changing from one form of representation (e.g.,
numerical) to another (e.g., verbal) (e.g., Para

phases important speeches and documents)

2.2 EXAMPLIFYING

lllustrating, instantiating

Finding a specific example or illustration of a
concept or principle (e.g., Give examples of various

artistic painting styles)

2.3 CLASSIFYING

Categorizing, subsuming

Determining that something belongs to a category
(e.g., concept or principle)(e.g., Classify observed

or described cases of mental disorders)

2.4 SUMMARIZING

Abstracting, generalizing

Abstracting a general theme or major point(s)(e.g.,
Write a short summary of the events portrayed on a

videotape)

2.5 INFERRING

Concluding,
extrapolating,

interpolating, predicting

Drawing a logical conclusion from presented
information (e.g., In learning a foreign language,

infer grammatical principlesfrom examples)
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CATEGORIES
COGNITIVE PROCESSES

ALTERNATIVE NAME

DEFINITIONS AND EXAMPLES

2.6 COMPARING Contrasting, mapping,

matching

Detection correspondences between two ideas,
objects, and the like (e.g., Compare historical event to

contemporary situations)

2.7 EXPLAINING Constructing models

Constructing cause-and-effect model of a system
(e.g., Explain the causes of important 18th—century

events in France

3. APPLY--Carry out or use a procedure in a given situ

ation

3.1 EXECUTING Carrying out

Applying a procedure to a familiar task (e.g., Divide
one whole number by another whole number, both

with multiple digits)

3.2 IMPLEMENTING Using

Applying a procedure to an unfamiliar task (e.g., Use
Newton’s Second Law in situations in which it is

appropriate)

4. ANALYZE—Break material into its constituent parts and determine how the parts relates to one another and

to an overall structure or purpose

4.1 DIFFERENTIATING Discriminating,
distinguishing,

focusing, selecting

Distinguishing relevant from irrelevant parts or
important from unimportant parts of presented

material (e.g. Distinguish between word problem)

4.2 ORGANIZING Finding coherence,
intergrading, outlying,

parsing, structuring

Determining how elements fits or functions within a
structure (e.g. Structure evidence in a historical
description into evidence for and against a particular

historical explanation)

4.3 ATTRIBUTING Deconstructing

Determine a point of view, bias, values, or intent
underlying presented material (e.g. Determine the

point of view of the author of an essay in terms of his

or her political perspective)
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CATEGORIES
COGNITIVE PROCESSES

ALTERNATIVE NAME

DEFINITIONS AND EXAMPLES

5. EVALUATE—Make judgments based on criteria and

standards

5.1 CHECKING Coordinating, Detecting inconsistencies or fallacies within a process
detecting, monitoring, or product; determining whether a process or product
testing has internal consistency; detecting the effectiveness

of a procedure as it is being implemented (e.g.
Determine if a scientist’'s conclusions follow from
observed data)

5.2 CRITIQUING Judging Detecting inconsistencies between a product and

external criteria, determining whether a product has
external consistency; detecting the appropriateness of
a procedure for a given problem (e.g. Judge which of

two methods is the best way to solve a given problem)

6. CREATE—Put elements together to form a coherent or functional whole; reorganize elements into a new

pattern or structure

6.1 GENERATING Hypothesizing Coming up with alternative hypotheses based on
criteria (e.g. Generate hypotheses to account for an
observed phenomenon

6.2 PLANING Designing Devising a procedure for accomplishing some task

(e. g. Plan a research paper on a given historical

topic)

6.3 PRODUCING Constructing

Inventing a product ( e.g. Build habitats for a specific

purpose)

From: Lorin W. Anderson and et al (2001:68-69),

A Taxonomy for Learning, Teaching, and

Assessing: a Revision of Bloom’s Taxonomy of Educational Objectives

Step 3: The achievement test on genetics, the test consisting of 60

multiple-choice questions, in which each item had four alternatives and one correct answer

were constructed. The numbers of test items for each learning unit were shown in TABLE 6.
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TABLE 6 NUMBERS OF TEST ITEMS FOR EACH LERNING UNIT

COGNITIVE PROCESS DIMENSION
a
% Z w L
LEARNING UNITS ) < > N b L 4
= 7 - > S < <
i 5ol e < = o 5
< Z =
N < |8 |°
)
1. Basics of DNA 4 5 5 1 - - 15
2.Genetic Engineering 4 5 4 1 1 - 15
3. DNA Fingerprinting 4 5 4 2 - - 15
4. Human Genome Project 5 6 2 1 1 - 15
Total 17 21 15 5 2 - 60
(28.3%) | (35.0%) | (25.0%) | (8.3%) (3.4%) (100%)

Step 5: The draft test was checked for the appropriateness,
precision, accuracy, and wording by the three dissertation advisors. The draft test was

revised according to their comments and their suggestions.

Step 6: The draft test was checked for content validity and
suggestions such as accuracy of the test, wording by the three experts: a biology teacher, a
curriculum developer, and a geneticist. The experts considered the draft test on the Index of
Item Objective Consistency (IOC) between test items and learning outcomes in the 10C
evaluation form. If the Index of Item Objective Consistency (IOC) is higher than 0.5, it means
the item of the test has internal consistency. After analyzing the data obtained from the 10C
evaluation form, the test was improved according to the experts’ suggestions.

Step 7: The item difficulty (p) and item discrimination (D) by trying out
the test with 40 grade twelve students at the Mahidol Wittayanuson School were measured.

These students enrolled to study with the draft curriculum in the pilot study on the first
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semester of the 2007 academic year. The achievement test was given to the students at the
beginning and at the end of the pilot study.

Step 8: Each test item from students’ achievement scores was
analyzed after learning the draft curriculum in pilot study to fine out not only the items
difficulty (p) and items discrimination (P) but also the reliability of the test by using the Kuder
and Richardson formula 20 (KR-20).

Step 9: After analyzing the item difficulty (p) and item discrimination
(D), the item which had the difficulty (p) level between 0.20 — 0.80 and the item reliability (D)
between 0.20 — 1.00 were selected for use in the students’ learning achievement test for
curriculum implementation stage.

2. Students’ socio-scientific decision making ability
To assess the students’ socio-scientific decision making ability, a socio-
scientific decision making test containing a scenario of genetic issue was developed and
given to students for asking them to make decision on the genetic issues. From the
scenario, the students were asked to use the decision framework. The test was given as pre
and posttest of the curriculum implementation. The scoring guide of socio-scientific decision
making process was set according to the framework of traits’ socio-scientific decision

making ability which was summarized as shown FIGURE11.
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The researcher developed the socio-scientific decision making ability
test to assess the students’ decision making ability in a scoring guide format through the
following six steps:

Step 1: Documents related to socio-scientific decision making ability
and scoring guide technique were studied.

Step 2: The socio-scientific decision making traits which
corresponded with the socio-scientific decision making framework were analyzed.

Step 3: The draft of the socio-scientific decision making test was
constructed as well as a seven part of rubric criteria which were based on the decision
making framework and the components of socio-scientific decision making traits.

Step 4: This draft test was checked for the appropriateness by
the three dissertation advisors. The draft of test was improved according to their
suggestions.

Step 5: The draft test with 40 students of 12" grade at Mahidol
Wittayanuson School on pilot study phase was carried out.

Step 6: The data from pilot study were used to revise this test for use
in curriculum implementation phase.

3. The students’ opinions toward the curriculum

The questionnaire of the students’ opinions toward the curriculum was
developed for collecting both quantitative and qualitative data from the students’ opinion
toward the curriculum implementation such as curriculum content, instructional activities,
instructional materials, and overall of the curriculum. The following are the steps of the
construction of the questionnaire.

Step 1: The related documents for constructing questionnaires were
studied.

Step 2: The draft questionnaire was constructed consisting of three
main parts. The first part recorded the students’ personal information. The next part was
constructed asking for the level of the students’ opinions toward the curriculum in 16

statements with the five point Likert ranged as follows:
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- Strongly agree the score = 5
- Agree the score = 4
- Neither agree nor disagree the score = 3
- Disagree the score = 2
- Strongly disagree the score = 1

The last part of the questionnaire was open-ended questions which asked the students’
impression and suggestions toward the curriculum.

Step 3: The draft questionnaire was summated to the three
dissertation advisors for checking the appropriateness of the questionnaire. The
questionnaire was revised according to their suggestions.

Step 4: The questionnaire, with 40 students in 12" grade at the
Mahidol Wittayanuson School in the pilot study, to check the ambiguity in the language of
questionnaire’s questions was tried out. The gathered data from pilot study were used to
revise the questionnaire and to improve the curriculum for use in the curriculum
implementation phase.

4. The participating teachers’ opinions toward the curriculum
The participating teachers were asked to express their opinion towards
the curriculum with the questionnaire of the teachers’ opinions toward the curriculum after
curriculum implementation. The questionnaire was designed including 24 statements of the
five level rating scale items on a Likert-scale and four open-ended questions. This
questionnaire was given to assess the participating teachers after the curriculum
implementation. The following steps was used in the constructional of the questionnaire.

Step 1: The related documents for constructing questionnaires were
studied.

Step 2: The draft questionnaire was constructed consisting of three
parts. The first part recorded the teacher’'s personal information. The next part was
constructed for asking the level of the teachers’ opinions toward the curriculum in a five
point Likert scale in 24 statements divided into five domains: the content domain, the
instruction domain, the instructional material domain, the assessment domain, and the

overall of the curriculum. The five point Likert scale ranged as follows:
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- Strongly agree the score = 5
- Agree the score = 4
- Neither agree nor disagree the score = 3
- Disagree the score = 2
- Strongly disagree the score = 1

The last part of questionnaire used open-ended questions which asked the teachers’
opinions toward the curriculum implementation.

Step 3: The draft questionnaire was summated to the three
dissertation advisors for checking the appropriateness of the questionnaire. The
questionnaire was revised in accordance with their suggestions.

In conclusion of the six steps of the curriculum design stage, the draft
curriculum, the assessment tools including the students’ learning achievement test, the
students’ socio-scientific decision making ability test, the questionnaire of the students’
opinions toward the curriculum, and the questionnaire of the teachers’ opinions toward the
curriculum implementation were constructed and developed.

1.3 Evaluating the draft curriculum by experts

The effectiveness of the draft curriculum was assessed by the group of three
experts: a biology teacher, a curriculum developer, and a geneticist. The draft curriculum
was evaluated regarding on the appropriateness and the consistency of the curriculum
components. After the draft curriculum was evaluated, it was revised by the researcher
according to their suggestions.

The appropriateness evaluation involved the appropriateness of the student
guidebook, lesson plans, and the overall curriculum. The consistency evaluation of the draft
curriculum involved the internal consistency of the curriculum elements such as the
consistency between the course descriptive and the goals of the curriculum, the
consistency between the goals and the content of the curriculum, the consistency between

the content and the instructional strategies.
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1.3.1 Constructing the curriculum evaluation form
The research tool for the evaluation of the appropriateness and the

consistency of the draft curriculum was constructed in four steps as follows:

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

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

Step 3. Writing the curriculum evaluation form. The curriculum
evaluation form consisted of six parts.

The first part was recorded the experts’ personal information.

The second part was the appropriateness evaluation form for the
student guidebook. The third part was the appropriateness evaluation form for the lesson
plans or teacher guidebook. The next part was the appropriateness evaluation form for the
overall curriculum. The format of all appropriateness evaluation forms used a five-point

rating scale questionnaire ranging the level of the appropriateness (Best, J., 1981:182) as

follows:
The appropriateness level Scale value (points)
Very high level 5
High level 4
Moderate level 3
Low level 2
Very low level 1

The fifth part was the consistency evaluation form of the draft
curriculum’s components. The format of the consistency evaluation form was a three-point

rating scale questionnaire range from consistent, not sure, and inconsistent as follows:

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

Inconsistent -1
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The last part was a blank space area which was provided for
additional opinions, comments and suggestions to improve the draft curriculum from the
experts.

Step 4: Checking the content validity and wording of the curriculum
evaluation form by three dissertation advisors. The curriculum evaluation form was revised
according to their comments and suggestions.

1.3.2 Data collection and data analysis of the curriculum evaluation form

The draft curriculum and the curriculum evaluation form were submitted
to the experts. The gathered data from the experts were analyzed for the appropriateness
and the consistency of the draft curriculum. If the draft curriculum, evaluated by the experts,
had the level of appropriateness higher than 3.50, it meant that the draft program is
appropriate. For the evaluation of the Index of Item Objective Consistency (IOC), if 10C
evaluation was higher than 0.5, it meant the components of the curriculum had internal
consistency. After analyzing the data obtained from the curriculum evaluation form, the draft
curriculum was improved according to the experts’ suggestions.
1.4 Conducting a Pilot Study

The pilot study aimed to check the quality of the draft curriculum such as the
lesson plans and to familiarize the teachers with the teaching strategies before curriculum
implementation stage was carried out. This stage helped to reveal the problems that happen
during the use of the draft curriculum. After conducting the pilot study, the finding results
were used to revise the draft curriculum by the researcher.

1.4.1 The research tools for a pilot study

The research tools used in conducting the pilot study phase were the

student guidebook, the lesson plans and related instructional materials, and assessment
tools including the students’ learning achievement test, the students’ socio-scientific
decision making ability test, and the questionnaire of the students’ opinions toward the

curriculum.
1.4.2 The Procedure of a Pilot Study

The pilot study was conducted with 40 grade twelve students who were
studying in the first semester of the 2007 academic year. This group of students was not the

same group as sample group for implementation of the curriculum. Those students were
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taught by a prepared biology teacher with a full scale of curriculum instruction in the
classroom.

1.4.3 Data Collection

During the period of instruction, the researcher observed and recorded
problems in using the lesson plan and the instructional materials. After the instruction of
each lesson plan, the participating teacher and the researcher discussed with regards to
classroom events in order to revise the lesson plans, teaching strategies, and assessment
tools. They brainstormed to develop the lesson plans, instructional materials, and
assessment tools. The students’ achievement scores and socio-scientific decision making
ability scores, after studying the draft curriculum in pilot study, were used to find the cut-off
scores of the achievement test and the socio-scientific decision making ability test,
respectively, by computing with the students’ achievement scores and socio-scientific
decision making ability scores before studying the curriculum in main study with the Berk
A.R.’s method (1976).
1.5 Revising the curriculum

The draft curriculum was revised by using the data gathered from the
questionnaire of the students’ opinions toward the draft curriculum, the opinions of the
participating teachers during the conversations and informal interviews as well as data

obtained from the classroom observations.

Stage 2: Curriculum Implementation
The purpose of the curriculum implementation was to assess the effectiveness
of the revised curriculum as well as to test the feasibility of using the curriculum.
2.1 The Methodology of Curriculum Implementation
The one-group pretest — posttest design was used as a procedure to study
the effectiveness of curriculum implementation on the students’ achievement and students’
socio-scientific decision making ability. For the students’ opinions toward the curriculum and

the teachers’ opinions toward the curriculum only used a posttest design.
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2.2 Selection of Population and Sample
2.2.1 Population: The population of this study were students who were
studying at the 11" and 12" grade in the second semester of the 2007 academic year at the
Mahidol Wittayanuson School, Nakhonpatom province, Thailand.
2.2.2 Sample: The sample was 38 students of 11" and 12" grade who were
interested in the curriculum and enrolled to study this curriculum as an elective course.
2.3 The research tools
The research tools used in this stage consisted of: 1) the lesson plans and
instructional materials of the curriculum, 2) the students’ guidebook, 3) the students’
learning achievement test, 4) the socio-scientific decision making test, 5) the questionnaire
of the students’ opinions toward the curriculum, and 6) the questionnaire of the teachers’
opinions toward the curriculum.
2.4 The Procedure of a Curriculum Implementation
2.4.1 The preparation before implementation of the curriculum

Before implementation of the curriculum to a sample group, the
researcher prepared this processes:

1 Preparing the curriculum documents such as lesson plans,
instructional materials, and assessment tools for use in the implementation stage.

2 The participating biology teachers who were involved in the use of the
curriculum and the curriculum materials were trained by using an informal workshop to
prepare the participating teachers for good understanding of curriculum content. The 5Es
model based on socio-scientific issues approach combined with a practical framework of
socio-scientific decision making, instructional materials, and how to assess student learning
outcomes were used.

2.4.2 Collecting data before curriculum implementation

1. Before using the curriculum, the sample students were given the
pre-test consisting of the achievement test and the socio-scientific decision making ability test.

2. The students’ achievement scores and students’ socio-scientific decision
making ability scores before curriculum implementation were used for computing with the
students’ achievement scores and students’ socio-scientific decision making ability scores after

using the draft curriculum in the pilot study to find the cut-off score of the achievement test and
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the socio-scientific decision making ability test by using the Berk A.R.’s method (1976). The
cut-off scores were used as criterion for evaluation on the effectiveness of the curriculum on
the students’ achievement and socio-scientific decision making ability.

2.4.3 Implementation of the revised curriculum

The procedures for implementation of the revised curriculum were as
follows:

1. The instruction of the revised curriculum was followed by the lesson
plans. The classrooms of grade 11 students and grade 12 students were taught by the biology
teacher in the second semester of the 2007 academic year. The students learned with the
revised curriculum in two learning periods a week (50 minutes/ a classroom period).

2. During the revised curriculum implementation, the formative assessment
of the student’'s achievement and the practices of socio-scientific decision making ability were
given to the students. The researcher observed and recorded the data about the teaching-
learning process, learning environment, and the students and teacher behaviors which occurred
in the class period.

3. After finishing the instruction in each lesson plan, the researcher and the
teacher discussed the learning results and problems found during the instruction.

4. By the end of the semester, those students were given the post-test
consisting of the achievement test and the socio-scientific decision making ability test as well as
the questionnaire of the students’ opinions toward the curriculum. The participating teachers
were also asked to assess their opinion with the questionnaire of the teachers’ opinions

toward the curriculum.
2.4.4 Collecting Data

Data were collected from two major sources: the participating students
and participating teachers as follows:
2.4.4 .1 Data from Students: Students’ Learning outcomes were collected
and summarized both quantitative and qualitative data which are:
Qualitative data from informal interview, observation data were

gathered during the instruction of curriculum.



73

Quantitative data were obtained from both various kinds of research

instruments at different times (see TABLE 7).

TABLE 7 RESEARCH TOOLS AND DATA COLLECTION PERIODS

S
2 5|5 &
O ® |2 ®
= S e §
Tools o S Subjects
o 5|3 & !
5 2 |¢ o
= £ | &
s — | =
All participating
1. The achievement test / /
students
2. The socio-scientific decision making All participating
/ /
ability test students
3. Questionnaire of students’ opinion All participating
/
towards the curriculum students

2.4.4.2 Data from Teachers: The data were collected from the following:
the questionnaire of teachers’ opinion towards the revised curriculum after curriculum
implementation, the teachers’ reflective journal in each lesson plan, the informal interviews,
and the observations data of teacher behaviors during their participation in the curriculum

implementation.

Stage 3: Curriculum Evaluation
3.1 Analyzing data
In this study, both quantitative and qualitative data were analyzed for
assessment the effectiveness of curriculum. The qualitative data were analyzed and
interpreted in terms of descriptive report. The results of analysis on qualitative data were
used for support the discussion on the effectiveness of the curriculum. The quantitative

data were analyzed by using the statistical computations.
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3.1.1 Data of the Students’ Learning Achievement Test
Basic statistics such as percentage, mean, and standard deviation were
used for analyzing the achievement test scores. The statistics used in determining the
significant difference between students’ achievement score after curriculum implementation
and the cut-off score of the students’ learning achievement test was the t-test for one
sample statistics scores. The data for statistical computations is statistically analyzed at a
0.05 level of significance using the SPSS (Statistical Package for the Social Sciences)
program for windows.
3.1.2 Data of the Students’ Socio-Scientific Decision Making Ability Test
Basic statistics such as percentage, mean, and standard deviation were
used for analyzing the socio-scientific decision making ability scores. The statistics used in
determining the significant difference between students’ socio-scientific decision making
ability score after curriculum implementation and the cut-off score of the students’ socio-
scientific decision making ability test was the f-test for one sample statistics scores. The
data for statistical computations is statistically analyzed at a 0.05 level of significance using
the SPSS (Statistical Package for the Social Sciences) program for windows.
3.1.3 Data of the Questionnaire from Students’ Opinion towards the
curriculum
Basic statistics such as percentage, mean, and standard deviation were
used for analyzing the students’ opinion towards the curriculum scores. The mean score of
students’ opinion was evaluated comparing with the criteria score setting (Gunnasud, 1993:
85). The five category scores as follows:
- The mean score 4.51-5.00 interpreted as the highest level of opinion
- The mean score 3.51-4.00 interpreted as the high level of opinion
- The mean score 2.51-3.00 interpreted as the medium level of opinion
- The mean score 1.51-2.00 interpreted as the low level of opinion
- The mean score 0.00-1.50 interpreted as the lowest level of opinion
The statistics used in determining the significant difference of students’
opinion towards the curriculum scores at the high level of criterion setting (Gunnasud, 1993:

85) was the t-test for one sample statistics scores. The data for statistical computations is
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statistically analyzed at a 0.05 level of significance using the SPSS (Statistical Package for
the Social Sciences) program for windows.

3.1.4 Data of the Questionnaire from Teachers’ Opinion towards the

Curriculum

Basic statistics, such as mean score and standard deviation were used
to analyze the students’ opinions and the teachers’ opinion towards the curriculum. The
mean score of teachers’ opinion was evaluated comparing with the criteria score setting

(Gunnasud, 1993: 85). The five category scores as follows:

The mean score 4.51-5.00 interpreted as the highest level of opinion

The mean score 3.51-4.00 interpreted as the high level of opinion

The mean score 2.51-3.00 interpreted as the medium level of opinion

The mean score 1.51-2.00 interpreted as the low level of opinion
- The mean score 0.00-1.50 interpreted as the lowest level of opinion

The statistics used in determining the significant difference of teachers’
opinion towards the curriculum scores and the criterion setting at high level criterion
(Gunnasud, 1993: 85) was the t-test for one sample statistics scores. The data for statistical
computations is statistically analyzed at a 0.05 level of significance using the SPSS
(Statistical Package for the Social Sciences) program for windows.

3.2 Evaluating Curriculum

After finishing the curriculum implementation, the curriculum was evaluated
to assess the effectiveness of the curriculum by testing four research hypotheses as
following:

1) The students’ achievement scores after the curriculum implementation
were higher than the cut-off score of the achievement test with a statistically significance
difference.

2) The students’ socio-scientific decision making ability score after
curriculum implementation were higher than the cut-off score of the socio-scientific decision

making ability test with a statistically significance difference.
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3) The students’ who do activities through the curriculum had mean score of
their opinions towards the curriculum at a high level of criterion setting (Gunnasud, 1993: 85)
with a statistically significance difference.

4) The participating teachers had mean score of their opinions toward the
curriculum at high level of the criterion setting (Gunnasud, 1993: 85) with a statistically
significance difference.

The results of evaluating curriculum were used to indicate the effectiveness of

the curriculum.

Section 3 Statistics

The statistics used in this research study were as follows:
1. Basic Statistics
The basic statistics such as mean, standard deviation and percentage were
used to analyze the score from the achievement test, the socio-scientific decision making
test, the questionnaire of the students’ opinion toward the curriculum, and the questionnaire
of the teachers’ opinion toward the curriculum.
2. Statistics for Testing Materials
The developed materials in this research study were analyzed as follows:
2.1 The Index of Item Objective Consistency (IOC)
The IOC was used to evaluate the consistency of draft curriculum and the
consistency of the achievement test. The I0C evaluation had the ranging of items assigned

weight as follows:

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

Inconsistent -1



The data of IOC evaluation form were analyzed to find the Index of Item

objective Consistency (IOC) using the following formula (Taweerat, 1997:117):

IR
IOC = ——
N

IOC means Index of ltem Objective Consistency
2R means Summation of experts’ opinion marks
N means number of experts

2.2 The appropriateness evaluation form

7

In the evaluation form on appropriateness, each statement was ranged

score for level of appropriateness (Best, 1981:182) as following:

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 draft evaluation form were analyzed by calculating the

mean scores and assigned weightings as follows:

Mean scores Appropriateness level
4.50-5.00 Very high
3.50-4.49 High
2.50-3.49 Moderate
1.50-2.49 Low

1.00-1.49 Very low
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2.3 The item difficulty (o)
Analyzing the test items difficulty (p) of the achievement test was use the

formula (Taweerat, 1997:129) as follows:

2 =E

p means the item difficulty
R means the number of students who answered the item correctly
N means the total number of students who answered the item
2.3 The item discrimination (D)
Analyzing the test items of discrimination (d) of the achievement test was

computed by using the formula (Cunningham, 1988:156) as follows:

(By=Ag
N

D =

D means the item discrimination
R, means the total number of students in the upper group
R, means the total number of students in the lower group
N means the total number of student in the upper group and the
lower group
2.4 The reliability of the assessment
2.4.1 The reliability of achievement test in this study was computed by using

the Kuder and Richardson formula 20: KR-20 (Taweerat, 1997: 123) as shown below:

k Zpq
e = }c—l{l 3Z

r

« Mmeans reliability of the test

k means the total number of items in the tests
total of right item

p means ratio of right answer in each item =
total of students
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g means ratio of wrong in eachitem=1-p

st2 means variable of whole tests
2.4.2 The reliability of the socio-scientific decision making ability test was
computed by using the a- Coefficient of Cronbach formula (Charoenpitay, 1999:226) as
shown below:
k T a 1
o= — 41 — -*_f_
k-1 1 sf |
0. means 0- Coefficient reliability
k means the total number items in the test
27 means the variable score of each item

3. means the variable score of whole test

3. Statistics for testing research hypothesis
3.1 The cut-off score

The cut-off score was an optimal criterion-referenced score to determine the
learning outcomes for finding the effectiveness of curriculum implementation. The cut-off
score of the achievement test and the socio-scientific decision making ability test was set by
using the Berk A.R.’s method (1976) as in following steps:

Step 1: Finding a cutting point or cutting score, the students’ learning scores
after using the draft curriculum in pilot study were used for classifying the students as an
instructed group or true masters. The students’ learning outcome scores before using the
revised curriculum in main study were used for classifying the students as non-masters or
an uninstructed group. Both score groups were used as data for plotting a graph of
frequencies of the student number in each score. The graph was expected to present an
intersection point which was a cutting point or a cutting score. The cutting point was used to
classify students according to their test scores result in four possible outcomes described
as True Masters (TM), False Masters (FM), True Nonmasters (TN), and False Nonmasters
(FN).

Step 2: Finding the probability of decision: In this step, the probabilities of

four outcomes could be calculated from following formulas (Berk, 1976: 7):
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p(TM) = TM / (M+N)

p(FM) = FM / (M+N)

P(TN) = TN / (M+N)

p (FN) = FN / (M+N)

Step 3: Computing the validity coefficient

The group of scores that may be the possible cut-off scores was set
including the score at the cutting point, two of higher scores from the cutting point score
and two of lower scores from the cutting point score. All possible cut-off scores were
calculated the validity coefficient by using the Pearson correlation formula (Berk, 1976: 7) as

shown below:

o - —PTMI-FR(SR)
o JBRIL-BR)SR{1-5R)

@, means the validity coefficient
p(TM) means  the probabilities of True Master-instructed students
whose test score lie at or above the cut-off score
BR means  the probability of mastery in the population
BR = p(FN) + p(TM)
SR mean the probability of predicted masters in the population
SR = p(TM)+p(FM)
The one score for the group’s possible cut-off score which gave the
highest validity coefficient was selected for used as a cut-off score for a test.
3.2 The t-test for one sample

The students’ learning achievement scores, the students’ socio-scientific
decision making ability scores, the students’ opinions toward the curriculum and the
teachers’ opinions toward the curriculum was used to evaluate the effectiveness of

curriculum by testing with the one sample t-test statistics comparing with the criterion score
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of each assessment tool. The formula of one sample t-test statistics (Ferguson, 1976: 152)

was presented as follows:

Y= Mo
t =
ot
t means the t distribution
X means the sample mean

kg means the population mean

S% means the standard error of mean



CHAPTER 4
RESULTS

This chapter presents the results of the study on the development of an upper
secondary science curriculum on genetics to enhance socio-scientific decision-making
ability. The findings of the study include two sections as follows: section 1) the results of the
curriculum development and section 2) the results of the curriculum implementation and

evaluation.

Section 1: The Results of Curriculum Development
To develop a new curriculum of this study, five major steps of the curriculum
development process were used as follows: 1) studying of basic information, 2) designing a
draft curriculum, 3) evaluating the draft curriculum by experts, 4) piloting the draft
curriculum and 5) revising the draft curriculum. The results of each step are as follows:
1) The Results of the Studying of Basic Information
In this study, the curriculum development was reviewing started with
studying and analyzing related documents regarding curriculum development. They were
the learning standards of the Basic Education Curriculum of 2001, the National Science
Curriculum Standards, biology textbooks, genetic issues, socio-scientific decision making
methods, the instructional techniques with an inquiry and issues-based approach, the
methods of assessment and evaluation and also other research reports related to this study.
The results of the basic information study in the Basic Education Curriculum
and National Science Curriculum Standard, and biology textbooks showed that the genetic
topics in biological curriculum is included within Standard Sc 1.2 of the sub-strand, living
things and living processes which indicates that the genetic knowledge for four levels of
grade standards. According to the Standard Sc 1.2, the genetic knowledge ran from
simple to a more complex content for the different grade levels. Focus on biotechnology,
the biological curriculum included biotechnology topic in grades 10-12. At the end of this
level standards grade, the student should be able to discuss and explain both positive

applications of biotechnology and the impacts of biotechnology on the society and the
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environment. The analysis of biotechnology topics in IPST bioclogy textbooks revealed that
the biotechnology showed a small part and a little relationship between genetic
knowledge and society. Only the IPST biology textbook for science students contain more
biotechnology topics such as the recombinant DNA, gel electrophoresis, the human
genome project, application of DNA technology in medicine, forensics, and agriculture,
and small part of the ethical and social aspects for biotechnology. The genetic and
biotechnological contents had focus only on the science content. The analysis showed
that the biotechnology for Thai students did not include the social and ethical issues
associated with the use and development of biotechnology as well as the preparation for the
students’ abilities to deal with biotechnological issues in reasonable ways. The findings
were used for an indication of the students’ basic genetics knowledge and guided the
selection of the appropriate genetic content and biotechnology as related to genetic
issues.

The results of literature review revealed that the 5Es model of the inquiry
learning cycle and an issues based approach were appropriate for constructing science
content and its related issues, as well as a practical framework of socio-scientific decision
making, necessary for studying students’ ability in making decisions on socio-scientific
issues. For developing the curriculum in this study, the combination of the 5Es model, issues
based approach, and a socio-scientific decision making framework for construction of
science knowledge and practicing socio-scientific decision making at the same time of
learning were used.

The effectiveness of curriculum implementation was assessed on students’
achievement, students’ socio-scientific decision making ability, and their opinion toward
curriculum. In terms of developing of the assessment tools, the learning achievement test
was developed base on the categories of the cognitive dimension of a revision of Bloom’s
taxonomy of educational objectives (Anderson and et al., 2001) and used for the
assessment of students’ understanding of genetics. The socio-scientific decision making
ability test was developed based on the characteristics of socio-scientific issues, the
characteristics of divergent thinking, the socio-scientific reasoning (Sadler, Barab and Scott,

2006: 4), and ethical was used for the assessment of the students’ ability in making decision
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on socio-scientific issues. The students’ opinions toward the curriculum were assessed by
the questionnaire. In addition the participating teachers were assessed on their opinion
toward the curriculum for an assessment of effectiveness on the curriculum implementation.

The information gained from this step was used to design a draft
curriculum of an upper secondary science curriculum on genetics to enhance student’s

socio-scientific decision making ability.

2. The Results of the Designing the Curriculum
The draft of an upper secondary science curriculum on genetics to enhance
socio-scientific decision making ability consists of five components: 1) curriculum
principles, 2) learning outcomes, 3) genetic contents and learning activities: student
guidebook, 4) lesson plans: teacher guidebook, and 5) curriculum assessment and evaluation.
2.1 The curriculum principle and learning outcomes
These were drawn from the analysis of the National Science Standard,
basic knowledge of genetics, genetic issues in Thai society. The designing of the draft
curriculum, the 5Es model based on socio-scientific issues combined with a practical
framework of socio-scientific decision making, the curriculum approach, were used as a
roadmap to design not only the genetic content and learning activities but also the lesson
plans.
2.2 The contents and learning activities of a student guidebook
The contents and learning activities of the student guidebook were
selected and developed from the basic knowledge of genetics contained in the core biology
curriculum. The draft student guidebook was designed by using socio-scientific issues on
genetics as platforms for learning the science contents and its issues as well as for
developing students’ socio-scientific decision making ability. The draft student guidebook
consisted of four learning units including the contents, science activities, and the socio-

scientific decision making activities were summarized as presents in TABLE 8.



TABLE 8 THE CONTENTS AND ACTIVITIES OF DRAFT STUDENT GUIDEBOOK

Learning Units

Hands-on Activities

Socio-scientific decision making activities

1. Basic knowledge of DNA

1.1 Mendel laws in Wisconsin Fast Plants®

1.2 DNA extraction and DNA properties testing

1.1 Introduction to Socio-scientific issues

2. Genetic engineering

2.1 Model of recombinant bacteria

2.1 GMOs : miracle or harm technology

2.2 Planting GM papaya in Thailand

3. DNA fingerprinting

3.1 Gel electrophoresis of food dye and
indicators
3.2 CSl Juniors and crime scene at biology

department

3.1 The unwanted information from the DNA
fingerprinting analysis

3.2 Thai Smart card and DNA fingerprinting

4. Human genome project

4.1 Model of chain termination technique

4.2 DNA Sequencing and Single Nucleotide

Polymorphism (SNP)

4.1 Human genome information and life
insurance
4.2 Germ-line modification for desired

characteristics

g8
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The contents and activities in draft student guidebook were beyond the
genetic contents and activities in core curriculum. Therefore, the student guidebook
provided various sources of additional knowledge, which students could use to gain more
understanding of genetics. More details of student guidebook are presented in Appendix F.

2.3 The draft of lesson plans: teacher guidebook

The draft lesson plans were developed by using the student guidebook
as a guideline. Each lesson plan used a genetic issue as a major component for learning
not only science contents behind these issues but also practice of socio-scientific decision
making ability. Therefore, each lesson plan was designed regarding to one socio-scientific
issue and one socio-scientific decision making by using the curriculum approach, the 5Es
model based on socio-scientific issues approach combined with a practical framework of
socio-scientific decision making. More details of the lesson plans are presented in Appendix

G. The summary of the draft of lesson plans is describes in TABLE 9.

TABLE 9 THE DETAILS OF THE DRAFT LESSON PLANS: TEACHER GUIDEBOOK

<
(%2}
S
§ |2 83
a 1L
Learning Units 5 | o L2 Main concepts
n
8 | ¢
— g 3
1. Basic Knowledge of DNA 1 1.0 | Mendelian and Non-Mendelian Genetics, DNA,
and Protein synthesis
2. Genetic Engineering 2 2.0 Recombinant technique, Genetic Engineering

3 2.0 Method , and GM pants issued

3. DNA Fingerprinting 4 2.0 DNA fingerprinting method and using the DNA

5 2.0 | fingerprinting in society

4. Human Genome Project 6 2.0 | Chain Termination, SNP, and the personal

7 2.0 | genome information issues
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2.4 The assessment tools

To assess the effectiveness of the curriculum implementation as
describe in stage 1, the assessment tools were developed according to the curriculum
goals and the teaching-learning process of the curriculum. More details of assessment tools
are presented in Appendix E.

2.4.1 The learning achievement test was developed using 60 items of
multiple choices question. The test items were divided to 15 items for each learning unit.

2.4.2 The socio-scientific decision making ability test was designed and
developed. The test consists of a socio-scientific issue on genetics, founding a DNA bank in
Thailand, and seven steps of the socio-scientific decision making framework.

2.4.3 The questionnaire for the evaluation of the participating students’
opinion towards the curriculum was designed including 16 statements of the five level rating
scales (Likert scale) and 2 open-ended questions.

2.4.4 The questionnaire of the teachers’ opinion towards the curriculum
was designed and included 24 statements of the five level rating scale items on Likert-scale
and 4 open-ended questions.

3. The Results of Evaluation on the Draft curriculum Qualities
The draft curriculum was evaluated and verified, in terms of the quality,
appropriateness, and validity by three experts, namely an experienced biology teacher, a
curriculum developer, and a geneticist. The results of the draft curriculum evaluation by the
experts consist of two main parts: its appropriateness evaluation and consistency.
3.1 The evaluation on appropriateness of draft curriculum

The evaluation included three subparts as follows: 3.1.1) the draft of
student guidebook appropriateness evaluation, 3.1.2) the draft of instructional plan
appropriateness evaluation, and 3.1.3) the overall curriculum appropriateness evaluation.

3.1.1 The evaluation on appropriateness of the draft student guidebook

The student guidebook was evaluated for the appropriateness of
content and the activities in each unit, difficulty for students, curriculum times, curriculum
approach, and additional knowledge. The mean score, the standard deviation and the level

of the appropriateness of each list in the evaluation form are presented in TABLE 10.
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TABLE 10 THE RESULTS OF EVALUATION ON THE APPROPRIATENESS OF THE DRAFT

STUDENT GUIDEBOOK

List of Evaluation

N

3

Mean

S.D.

Level of

appropriateness

Learning Unit 1
1. The content and activities of learning unit 1: basic
knowledge of DNA was consistent to the socio-

scientific issues

4.00

0.00

High

2. The content and activities of learning unit 1: basic

knowledge of DNA was suitably difficult for students

4.00

0.00

High

Learning Unit 2
3. The content and activities of learning unit 2: genetic
engineering was consistent to the socio-scientific

issues

4.00

0.00

High

4. The content and activities learning unit 2: genetic

engineering was suitably difficult for students

4.00

0.00

High

Learning Unit 3

5. The content and activities of learning unit 3: DNA
fingerprinting was consistent to the socio-scientific

issues

4.00

0.00

High

6. The content and activities of learning unit 3: DNA

fingerprinting was suitably difficult for students

4.00

0.00

High

Learning Unit 4
7. The content and activities of learning unit 4: human
genome project was consistent to the socio-

scientific issues

4.00

0.00

High

8. The content and activities of learning unit 4: human

genome project was suitably difficult for students

4.00

0.00

High
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List of Evaluation s rovelof
Mean | S.D appropriateness

9. The contents and activities were appropriate forthe | 4.33 | 0.58 High
goal of the curriculum

10. The contents and their socio-scientific issues were | 4.33 058 High
abreast of times

11. The student book was appropriate for using the 5E | 4.33 | 0.58 High
model with emphasis on socio-scientific issues
approach

12. The student book had additional knowledge from 4.33 | 0.58 High
various sources

The results of evaluation on appropriateness of the draft student

guidebook showed mean scores between 4.00 and 4.33. It indicated that the draft student

guidebook was at highly appropriate level in all lists.

3.1.2) The evaluation on appropriateness of draft lesson plans

The draft lesson plans were evaluated for the appropriateness of the

curriculum goals, instructional method, idea-flowing chart, and seven lesson plans. The

mean score, the standard deviation and the level of the appropriateness of each list in the

evaluation form are presented in TABLE 11.
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TABLE 11 THE RESULTS OF EVALUATION ON THE APPROPRIATENESS OF THE DRAFT

LESSON PLANS

N=3 Level of
List of Evaluation
Mean | S.D. appropriateness

1. The goals of curriculum was appropriate for the 4.67 0.58 Highest
neccessary of curriculum development and the
needs of society

2. The instructional method was appropriate for the | 4.33 0.58 High
goals of curriculum

3. The goal of curriculum was appropriate for | 4.00 0.00 High
preparation on the teaching-learning process

4. The 5Es model based on socio-scientific issues | 4.33 0.58 High
approach combined with a practical framework of
socio-scientific decision making could promote
students’ understanding of science contents and
developing socio-scientific decision making ability

5. The idea-flowing chart in each learning uint was 4.00 0.00 High
clear and appropriate for planning the
instructional process

Lesson plan 1

6. The teaching-learning processes were appropriate 4.00 0.00 High
for the goal of curriculum

7. The instructional materials were appropriate for 4.33 0.58 High
the teaching-learning process

8. The assessment and evaluation were appropriate 4.00 0.00 High
for the teaching-learning process

9. Time allocation in the lesson plan 1 was 3.67 0.00 High
appropriate for learning of students




TABLE 11 (Continued)

91

N=3 Level of
List of Evaluation
Mean | S.D. appropriateness

Lesson plan 2

10. The teaching-learning processes were 4.00 0.00 High
appropriate for the goal of curriculum

11. The instructional materials were appropriate for 4.33 0.57 High
the teaching-learning process

12. The assessment and evaluation were appropriate | 4.00 0.00 High
for the teaching-learning process

13. Time allocation in the lesson plan 2 was 4.00 0.00 High
appropriate for learning of students

Lesson plan 3

14. The teaching-learning processes were 4.00 0.00 High
appropriate for the goal of curriculum

15. The instructional materials were appropriate for 4.33 0.57 High
the teaching-learning process

16. The assessment and evaluation were appropriate | 4.00 0.00 High
for the teaching-learning process

17. Time allocation in the lesson plan 3 was 4.00 0.00 High
appropriate for learning of students

Lesson plan 4

18. The teaching-learning processes were 4.00 0.00 High
appropriate for the goal of curriculum

19. The instructional materials were appropriate for 4.33 0.57 High
the teaching-learning process

20. The assessment and evaluation were appropriate | 4.00 0.00 High
for the teaching-learning process

21. Time allocation in the lesson plan 4 was 4.00 0.00 High

appropriate for learning of students




TABLE 11 (Continued)

92

N=3 Level of
List of Evaluation
Mean | S.D. appropriateness

Lesson plan 5

22. The teaching-learning processes were 4.00 0.00 High
appropriate for the goal of curriculum

23. The instructional materials were appropriate for 4.33 0.58 High
the teaching-learning process

24. The assessment and evaluation were appropriate | 4.00 0.00 High
for the teaching-learning process

25. Time allocation in the lesson plan 5 was 4.00 0.00 High
appropriate for learning of students

Lesson plan 6

26. The teaching-learning processes were 4.00 0.00 High
appropriate for the goal of curriculum

27. The instructional materials were appropriate for 4.33 0.58 High
the teaching-learning process

28. The assessment and evaluation were appropriate | 4.00 0.00 High
for the teaching-learning process

29. Time allocation in the lesson plan 6 was 4.00 0.00 High
appropriate for learning of students

Lesson plan 7

30. The teaching-learning processes were 4.00 0.00 High
appropriate for the goal of curriculum

31. The instructional materials were appropriate for 4.33 0.58 High
the teaching-learning process

32. The assessment and evaluation were appropriate | 4.00 0.00 High

for the teaching-learning process
33. Time allocation in the lesson plan 7 was 4.00 0.00 High

appropriate for learning of students
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The results of the instructional plan appropriateness evaluation
showed mean scores from 3.67 to 4.67. It indicated that the instructional plan was
appropriate at the highest and high levels. The appropriateness of the goal of curriculum
was appropriate at the highest level for the necessary of curriculum development and the
needs of society, whereas the rest was appropriate at the high level. However, the results
showed that the appropriateness of time allocation in the lesson plan 1 had the lowest mean
score. It indicated that the time for lesson 1 should be longer. Therefore, the time for lesson
plan 1 was revised from one learning period to two learning periods.

3.1.3 The evaluation on appropriateness of overall curriculum
The overall curriculum was evaluated for appropriateness of the draft
curriculum including the draft student guidebook, the draft lesson plans, the instructional
method, the appropriateness of curriculum on students’ age, their prior knowledge, and the
appropriateness of curriculum implementation. The mean score, standard deviation and the
level of the appropriateness of the overall curriculum appropriateness are shown in TABLE

12.

TABLE 12 THE OVERALL CURRICULUM APPROPRIATENESS EVALUATION

N=3 Level of
List of Evaluation

Mean | S.D. appropriateness

1. The student guidebook was appropriate for the goal 4.00 0.00 High

of curriculum

2. The student guidebook was appropriate for the 4.00 0.00 High
lesson plan
3. The instructional plan promoted students’ learning 4.00 0.00 High

according to the goal of curriculum

4. The instructional method in this curriculum supported 4.33 0.58 High

student centered activities
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TABLE 12 (Continued)

N=3 Level of

List of Evaluation
Mean | S.D. appropriateness

5. The instruction of the curriculum promoted students 4.33 0.58 High
to use their ability to make decision on socio-

scientific issues

6. Time allocation in the curriculum was appropriate for | 4.00 0.00 High
students

7. The curriculum was appropriate for students’ age 3.67 0.58 High

8.The curriculum was appropriate for students’ prior | 3.67 0.58 High

knowledge and their prior experience

9. The curriculum was appropriate for implementation 4.00 0.00 High

The results of the overall curriculum appropriateness evaluation
showed mean scores between 3.67 and 4.33 indicating that the draft curriculum was
appropriate at high level in all lists. The results of appropriateness evaluation of curriculum
on students’ age, prior knowledge and their prior experience showed the lowest mean
scores in this evaluation form. The reason could be the contents in this curriculum are
normally found at the university level. However, the contents of this curriculum are beyond
the regular biology curriculum, they were adjusted to be suitable for the upper secondary
school level. The contents and activities in the curriculum used simple words and simple
laboratories in order to make students understand genetics.

3.2 The consistency of the draft curriculum
The draft curriculum was examined by three experts on the consistency
of curriculum components by determining 10C index. The results of the I0C index are

presented in TABLE 13.
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TABLE 13 THE CURRICULUM CONSISTENCY EVALUATION

The item consideration N=3 Interpretation
IOC | S.D.
1. The curriculum goal with the need of society 1.00 | 0.00 Consistent
2. The curriculum goal with the 5E model emphasis on | 1.00 | 0.00 Consistent
socio-scientific issues approach
3. The curriculum goal with curriculum description and | 1.00 | 0.00 Consistent
learning outcomes
4. The curriculum goal with the instructional plan 1.00 | 0.00 Consistent
5. The curriculum goal with the content of curriculum 1.00 | 0.00 Consistent
6. The curriculum goal with the assessment and evaluation | 1.00 | 0.00 Consistent
7. The content of curriculum with the teaching-learning 1.00 | 0.00 Consistent
process
8. The teaching-learning process with instructional 1.00 | 0.00 Consistent
materials
9. The student guidebook with the instructional plan 1.00 | 0.00 Consistent
10. The curriculum with students’ prior knowledge 0.67 | 0.58 Consistent

The Index of Item Objective Consistency (IOC) showed mean scores
between 0.67 -1.00, indicating that every component of curriculum evaluated by experts is
consistent with one another. However, the student guidebook was consistent to their prior
knowledge at the lowest mean score; the reason could be the contents in this curriculum
were normally found at the university level. Therefore, the contents and activities in the
student guidebook were designed and developed to be suitable with the upper secondary
school level. In addition, the student guidebook had the various sources of the additional
knowledge for helping students gain more understanding on the genetic content in the
curriculum.

In addition, at the bottom of the curriculum evaluation forms, a space for

the experts’ suggestions to the draft curriculum was given. The content analysis of the
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experts’ suggestions revealed that the quality of the draft curriculum was appropriate and
consistent with all of the items. The curriculum documents were well prepared and highly
interesting and related to socio-scientific issues in genetics. The experts’ suggestions were
used in revising the draft curriculum, in which the student guidebook should be revised in
terms of wording and pictures and the instructional plan should have the answers of
activities according to the student guidebook. More details of the curriculum evaluation by

experts are shown in Appendix B.

4. The Results of Piloting the Draft Curriculum to Classroom
After revising the draft curriculum according to the experts’ suggestion, the
draft curriculum was used to study the results and appropriateness in the real classroom
with content, instructional materials, instructional method levels as well as finding the
criterion-referenced of assessments. The pilot study processes were as follows:
4.1 Piloting the draft curriculum to classrooms
The sample group of pilot study was two classrooms of 40 students at
12" grade who were studying in the first semester of the 2007 academic year at the Mahidol
Wittayanusorn School. The students who participated in the pilot study learned the core
curriculum on biology in the 10" and 11" grade. In focusing on genetics according to the
core biology curriculum, the genetic content was taught in the second semester for 10"
grade students.
The draft curriculum was introduced to a participant biology teacher and
a head of the biology department for preparing them to use the draft curriculum. The draft
curriculum was used as a part of SC 40249: Biotechnology, elective science course, in 9
weeks (2 learning periods a week) in August through October, 2007 with a full scale of
curriculum instruction in the classroom. During the instruction, problems of using the lesson
plan and the instructional material were recorded as a data for curriculum improvement.
4.2 Evaluating the assessment tools for the curriculum implementation

The pilot study of the draft curriculum was evaluated the three
assessment tools including: 1) a students’ learning achievement test on genetics, 2) an

assessment of students’ socio-scientific decision making ability, and 3) an assessment of
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the students’ opinion toward the draft curriculum. The results of this pilot study evaluation
were analyzed and presented as follows:
4.2.1. The students’ learning achievement test on genetics
The students’ learning achievement test on genetics was design
using 60 items of multiple-choice questions .This test was verified the 10C between test
items and learning outcomes by experts to find the consistency of items and learning
outcomes. After revising some test items for wording according to their suggestions, the
students learning achievement test was collected at the beginning and at the end of the
class of pilot study group. The students’ achievement scores after using the draft curriculum
were used for testing the items difficulty (p) and the items-discrimination (D). To select the
test items for the achievement test, the 35 test items were chosen by considering the p
value and the D value for using in the curriculum implementation. More details for the
analysis of 10C, p, and D are presented in Appendix B. The reliability of the selected
achievement test by KR-20 was 0.76. More details of the achievement test are presented in
Appendix E.
4.2.2 The students’ socio-scientific decision making ability test
The socio-scientific decision making ability test consisted of seven
open-ended questions involving steps of socio-scientific decision making process and the
socio-scientific issue on the founding of a DNA bank topic. More details for the socio-
scientific decision making ability test are presented in Appendix E. The students’ socio-
scientific decision making ability were collected using this test at beginning and at end of
class. The reliability of the socio-scientific decision making ability was tested by using
Cronbach’s alpha (0.72) which was computed from the students’ socio-scientific decision
making ability scores at the end of the class in pilot study.
4.2.3 The assessment of students’ opinion towards the draft curriculum
The students’ opinion towards the draft curriculum were evaluated
using 16 statement items on Likert-scale type and 2 open-ended questions after using the
draft curriculum. More details for the questionnaire of students’ opinion towards the

curriculum are presented in Appendix E.
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4.2.3.1 The results of students’ opinion in the statement items

The draft curriculum was evaluated with the students’ opinion

towards the draft curriculum implementation in the 16 statement items on 5 scales of Likert-

scale type. The mean score, standard deviation and the results of evaluation were

presented in TABLE 14.

TABLE 14 STUDENTS’ OPINIONS TOWARD THE DRAFT CURRICULUM

List of evaluation

Result (N=40)

mean | S.D | Interpretation
1. Using socio-scientific issues made students interested | 4.22 | 0.63 | High level
and want to learn the science related issues.
2. The contents and socio-cientific issues on genetics 440 | 0.60 | High level
were abreast of time.
3. The contents were appropriately difficult for students. 3.80 | 0.72 | High level
4. The learning acitivities were consistent to the socio- 4.30 | 0.52 | High level
scientific issues.
5. The instruction had variety and an interesting method. 4.35 | 0.53 | High level
6. Students had opportunity to learn with various kinds of 415 | 0.66 | High level
instructional material.
7. Students had a chance to search information from 3.88 | 0.72 | High level
several sources of additional knowledge.
8. Students participated in disscusion and express the 3.98 | 0.73 | High level
ideas.
9. Students could link what they had learned with real life. | 4.05 | 0.64 | High level
10. Students could apply the knowledge in their daily life. 418 | 0.71 | High level
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List of evaluation

Result (N=40)

mean | S.D | Interpretation
11. The students’ inquiry and student centered method 3.92 | 0.80 | High level
were used.
12. The 5Es model with emphasis on socio-scientific 4.25 | 0.59 | High level
issues approach promoted the developement of
students’ developing socio-scientific ability.
13. Students had opportunities to practice making 452 | 0.60 | Highest level
decision on genetic issues.
14. After learning process, students had more confidence | 4.28 | 0.64 | High level
in making decision on genetic controversies.
15. Students could apply the socio-scientific decision 420 | 0.56 | High level
making process which they had learn in the class to
make decision on other socio-scientific issues.
16. Students continually follow and paid attention with the 412 | 0.76 | High level
news related socio-scientific issues.
Total 416 | 0.35 High level

The results from the question items in the questionnaire of the

students’ opinion towards the draft curriculum showed that the students’ opinions towards

the draft curriculum after learning with this curriculum were satisfying at a high level in 15

items and at the highest level in the opportunity of practicing in making decisions on genetic

issues. The mean score of each statement items were analyzed by using t-test for one-

sample statistics, which compared to the criterion setting at a high level (Prakong, 1993:

85). The results are summarized in TABLE 15.
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TABLE 15 THE COMPARISON BETWEEN THE MEAN SCORE OF STUDENTS OPINION
TOWARDS THE DRAFT OF UPPER SECONDARY SCIENCE CURRICULUM ON
GENETICS TO ENHANCE SOCIO-SCIENTIFIC DECISION MAKING ABILITY AFTER
USING THE DRAFT CURRICULUM AND THE CRITERION ACCORDING TO THE PILOT

STUDY GROUP
The question items analysis Criterion Mean S.D. t a
Students’ opinion toward the curriculum 3.51 4.16 0.35 11.80 0.05

The students’ opinion mean score toward the draft curriculum

were significantly higher than the criterion at the 0.05 level of significance.
4.2.3.2 The results of students’ opinion in open-ended questions

At the end of the questionnaire on the students’ opinion towards
the draft curriculum had two open-ended questions to assess students’ impression and
other concerns and suggestions after using the draft curriculum. The results of the content
analysis are presented as follows:

In the question of the students’ impression after using the draft
curriculum, the students gave their opinion related to these four categories. 1) The subject
was very fun and the content was interesting. 2) The students were impressed with the
learning activities because they were very interesting and contained various kinds of
activities. 3) The instructional materials could interest students and help them understand a
complex content. 4) The teacher taught and linked the genetic content and activities very
well.

Even though most of the students were happy with learning
activities, they still had concerns and suggestions toward the draft curriculum. Their
concerns were 1) they would like to have more laboratories and activities; 2) the students
also asked to have more time in doing activities and lecture in some topics, and 3) other

suggestions, the activities of socio-scientific decision making should have various topics not
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only genetic issues and decreasing practical exercises. More details of the students’
opinion toward the draft curriculum are shown in Appendix C.
5. The Revision the Draft Curriculum

The results of the pilot study revealed the problems of the instructional
process. During the instruction, the researcher observed and recorded the problems of
using the lesson plans and the instructional materials for improvement the draft curriculum.
At the end of every lesson plan, the researcher and the teacher who participated in teaching
the draft curriculum discussed and shared opinions toward the using of lesson plan. The
results of the discussion showed that the draft curriculum was suitable for using genetic
issues for teaching and learning genetic content and socio-scientific decision making.
However, the teachers thought that the length of each step of lesson plans should be
revised. For example, the first lesson plan used to refresh the students’ basic genetic
content should be longer because the students spent more time to review their prior genetic
knowledge learned in 10" grade. Therefore, this lesson plan should be three learning
periods. For the rest of the lesson plans, each lesson should be longer because the
students need more time to do the activities and search for more information to making
decisions on genetic issues. Each lesson plan should be extended to 2.5 learning periods.
The revised lesson plan is described in TABLE 16.

TABLE 16 THE SUMMARY OF REVISED LEARNING PERIODS IN THE LESSON PLANS

Total of learning periods
Learning Units Lesson Plan
Before revised After revised
Unit 1: Basic Knowledge of DNA 1 2.0 3.0
2 2.0 2.5
Unit 2: Genetic Engineering
3 2.0 2.5
4 2.0 2.5
Unit 3: DNA Fingerprinting
5 2.0 2.5
6 2.0 2.5
Unit 4: Human Genome Project
7 2.0 2.5
Total 7 14.0 18.0
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The information gathered from the pilot study was used to revise not only
the appropriateness of time for doing the activities according to the lesson plans but also
the wording; avoiding the ambiguity in student guidebook. The revision of lesson plans and
student guidebook were consulted and determined by the advisors before the next

implementation stage.

Section 2: The Results of the Curriculum Implementation and Curriculum Evaluation

After revising the draft curriculum according to the data gathered from conducting
the pilot study, the revised curriculum was implemented as an elective science course,
SC 40254: Ethical genetics, for 11" and 12" grade students in the second semester of the
2007 academic year at the Mahidol Wittayasusorn School, Nakhonpratom, Thailand. There
were 10 classrooms of each grade in this school and 24 students of each classroom. The
students learned biology in 10" and 11" grade and had opportunities to select and learn
elective science courses according to their interests. Focus in genetics, the genetic content
according to the core biology curriculum was taught in the second semester for 10" grade
students. The revised curriculum was implemented for 11 weeks (2 learning periods a week)
in November 2007 through February 2008.

The sample group of the curriculum implementation was 38 students who enrolled
to this course consisted of 33 students from 11" grade and 5 students from 12" grade. They
were divided into two classes. The class of 11" grade students studied the revised
curriculum on Monday and the other class was for 12" grade students studying the revised
curriculum on Friday. The same teacher who taught in the pilot study taught both classes.
During the revised curriculum implementation, data and information was gathered by using
the assessment tools including the achievement test on genetics, the socio-scientific
decision making test, the questionnaire of the students’ opinion towards the curriculum, and
the questionnaire of the teachers’ opinion towards the curriculum. The gathered data in
curriculum implementation were used for evaluation of the effectiveness of the revised
curriculum by testing the four research hypotheses. The gathered data and results of testing

research hypotheses are presented as follows:
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1. The students’ achievement on genetics

The students’ learning achievement test on genetics was used for gathering the
data of students’ understanding on genetics. These tests composed of 35 multiple choices
test question which consisted of 12 knowing questions, 8 understanding questions, 5 applied
questions, and 10 scientific process questions. The gathered data of students’ achievement,
the cut-off score setting of the achievement test, and the research hypothesis testing are
presented as follows:

1.1 The gathered data of the students’ achievement on genetics

The achievement test was used to gathered data of both classrooms at the
beginning and at the end of the class. The students achievement scores before and after
using the revised curriculum in each learning unit were presented in TABLE 17. More details

of the students’ achievement score in the main study group were presented in Appendix C.

TABLE 17 THE STUDENT ACHIEVEMENT MEAN SCORE BEFORE AND AFTER USING THE
REVISED CURRICULUM IN EACH LEARNING UNIT ACCORDING TO THE MAIN

STUDY GROUP
No. | Before using the | After using the
Units | of | revised Curriculum | revised curriculum o |3D3 t o
items | Mean S.D. Mean S.D.
1 8 3.82 1.45 5.47 1.08 1.66 | 1.44 | 7.11 0.05
2 9 5.11 1.50 6.26 1.45 116 | 1.69 | 4.24 0.05
3 9 4.58 1.77 6.32 1.47 1.74 | 1.86 | 5.77 0.05
4 9 2.50 1.64 6.03 1.52 3.53 | 1.91 | 11.36 0.05
Total | 35 15.97 3.81 24.08 3.31 8.11 | 295 | 16.95 | 0.05

The students’ achievement mean scores in all learning units and the total
mean score after using the revised curriculum were statistically higher than the students’
achievement mean scores in the same group before using the revised curriculum at 0.05

level of significance. This result indicated that the achievement of the students was
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improved after using the revised curriculum compared to the achievement scores before
using this curriculum.
1.2 The setting a cut-off score of the students’ learning achievement test

The cut-off score of the achievement test is the score which maximizes the
probability of correct non-mastery decisions to mean the students who got the achievement
scores higher than the cut-off score of the achievement test on genetics were determined as
the genetic mastery students after the curriculum implementation. This cut-off score of the
achievement test was used as the optimal criterion-referenced score to determine the
participating students for finding the effectiveness of curriculum implementation.

To find the cut-off score of the achievement test on genetics, the students’
achievement score after using the draft curriculum in the pilot study and the students’
achievement score before using the revised curriculum in the main study were used for
analysis and calculation by Berk A.R.’’s method (1976). The first step of the Berk A.R.
method was to find a cutting point in the plotting graph of the frequency of student numbers
in each score. The cutting point was used to set up the score rank for finding the validity
coefficient. The cutting point in the graph of the students’ achievement score after using the
draft curriculum and the students’ achievement score before using the revised curriculum

showed seven cutting points including 12,16,18,19,21,22 and 27 as shown in FIGURE 13.

=l FPost-Pilot Study

Pre-Main Study
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Score of achievement test

FIGURE 13 Graph of students’ achievement scores and frequency of each score
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Therefore, the group of students’ achievement scores between 12-27 scores were
used to calculate in the second step of the Berk, A.R.’s method (1976). This step was to find
the cut-off score from three accepted values including the highest of probability of correct
decision, the lowest of probability of incorrect decision, and the highest validity coefficient.
The cut-off score was 20, which was used as a criterion-reference score of the achievement
test. More details of the cut-off score for the achievement test on genetics is shown in
Appendix D

1.3 The testing research hypothesis |

The first hypothesis stated, “Student achievement scores after the curriculum
was implemented are higher than the cut-off scores’ achievement.” According to this
hypothesis, it was expected that students who participated in the revised curriculum would
gain the achievement scores higher than the cut-off score of the achievement test, which
mean they were the genetic mastery students after studying in the curriculum.

The gathered data of the achievement test was used for testing the research
hypothesis 1. For testing this research hypothesis, the students’ achievement score after
using the revised curriculum was used for comparing with the cut-off score of the

achievements test by using t-test for one sample statistics as shown that in TABLE 18.

TABLE 18 THE COMPARISION OF STUDENTS ACHIEVEMENT MEAN SCORE AFTER
CURRICULUM IMPLEMENTATION AND THE CUT- OFF SCORE IN THE MAIN STUDY

The test Mean SD Cut-off t df o
score
After using the revised curriculum 24.08 3.31 20 7.60 37 0.05

The results of the first hypothesis testing represented by students’
achievement scores after studying the revised curriculum was significantly different at 0.05
level of significance above the cut-off score. This indicated that after the revised curriculum
implementation, the student were genetic-mastery students at 0.05 level of signification;

therefore, the curriculum implementation had the effectiveness on the students’ achievement
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on genetics. In addition, 89.47% of students (34 students) had achievement scores higher

than the cut-off score of the achievement test after using the revised curriculum.

2. The students’ socio-scientific decision making ability
The socio-scientific decision making ability test was used for gathering the data
of students’ ability to make decisions on socio-scientific issues. This test composed of the
socio-scientific issue on founding a DNA bank in Thailand and seven open-ended test
questions for the steps of socio-scientific decision making ability framework.  The gathered
data of students’ socio-scientific decision making ability, the cut-off score setting of the socio-
scientific decision making ability test, and the research hypothesis testing are presented as
follows:
2.1 The gathered data on students’ socio-scientific decision making ability
The socio-scientific decision making ability test was used to collect data of
both classrooms at the beginning and at the end of the class. The students’ socio-scientific
decision making ability mean scores before and after using the revised curriculum in each
question and the results of f-test dependent for pair sample statistics analysis were
presented in TABLE 19. More details of the students’ socio-scientific decision making ability

scores in the main study group are presented in Appendix C.
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TABLE 19 THE COMPARISION OF STUDENT SOCIO-SCIENTIFIC DECISION MAKING
ABILITY MEAN SCORES BEFORE AND AFTER USING THE REVISED CURRICULUM
ACORDING TO THE MAIN STUDY

Before using After using the

Steps of o
S | the revised revised
socio-scientific decision 3 D | &g t
S | curriculum curriculum Q.
making L
Mean S.D. Mean S.D.
1 Identify problems 5 2.62 1.13 4.16 0.95 1.55 1.29 7.43 0.05

2. Identify related science 5 2.13 1.07 3.26 1.08 1.13 1.28 5.46 0.05

3. Inquiry for knowledge 2 1.39 0.60 1.74 045 | 0.34 0.71 2.98 0.05

4. Identify advantageous 5 1.66 0.71 3.42 1.13 1.76 1.19 9.09 0.05

5. Identify disadvantageous 5 0.82 0.56 3.29 1.18 | 2.47 1.20 12.68 0.05

6. List of possible solutions 5 1.08 0.63 3.89 1.06 | 2.81 1.21 14.41 0.05

7.Make decision by
5 1.84 1.41 3.82 0.90 1.97 1.46 8.33 0.05
suitable criterions

Total 32 | 1153 | 3.15 | 23.58 | 4.25 | 0.12 4.50 16.50 0.05

The students’ scores in each step of socio-scientific decision making
framework and in total mean score after using the revised curriculum were statistically
higher than the students’ mean scores in the same group before using the revised
curriculum at the 0.05 level of significance. The conclusion from these results indicated that
the students’ socio-scientific decision making ability was improve after using the revised
curriculum compared to the scores before using this curriculum.

2.2 The setting of cut-off score’s the socio-scientific decision making ability test
The cut-off score of the students’ socio-scientific decision making ability test
was used as a criterion-referenced score to determine students who are masters in the

socio-scientific decision making ability test after using the curriculum. This cut-off score of
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the socio-scientific decision making ability test was used as the optimal criterion-referenced
score to determine the participating students for finding the effectiveness of curriculum
implementation.

The students’ socio-scientific decision making scores after using the draft
curriculum in the pilot study group and the students’ socio-scientific decision making scores
before using the curriculum in main study group were used for finding this cut-off score by
using the Berk A.R.’s method (1976). In the first step of the Berk A.R.’s method was to find a
cutting point by plotting the graph of the frequency of student numbers in each score. The

result of graph plotting showed one cutting point as shown in FIGURE 14.
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FIGURE 14 The graph of the frequency number of students in each Score of the

socio-scientific decision making ability test

The graph showed the cutting point of the socio-scientific decision making
test at 17 scores. For finding the validity coefficient, the 17 scores were used for set up the
group of scores which consisted of the two higher scores from the cutting point score, the
two lower scores from the cutting point score, and the cutting point score. This score group
(15-20) was used to calculate in the second step of the Berk A.R.’s method (1976). This step

was to find the cut-off score from three accepted values including the highest of probability
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of correct decision, the lowest of probability of incorrect decision, and the highest validity
coefficient. The cut-off score was 18 score which was used as a criterion-referenced score
for the socio-scientific decision making ability test. More details of the cut-off score for the
achievement test on genetics are shown in Appendix D.

2.3 The testing of research hypothesis I

The second hypothesis stated, “Student socio-scientific decision making
ability scores after the curriculum was implemented are higher than the cut-off score’s socio-
scientific decision making ability.” According to the second research hypothesis, it was
expected that students who participated in the revised curriculum gain the socio-scientific
decision making ability scores higher than the cut-off score of the socio-scientific decision
making test which mean they were the mastery students on socio-scientific decision making
ability after studying in the curriculum.

To test this hypothesis, the student socio-scientific decision making ability test
was used to collect data of both classrooms at the beginning and the end of the class. The
answers were scored using a rubric scheme. More detail of the rubric scheme of the socio-
scientific decision making ability test is shown in Appendix E. The students’ socio-scientific
decision making ability mean score after using the revised curriculum was used to compare
with the cut-off score of the socio-scientific decision making ability test by using t-test for one
sample statistics. The results showed that the students’ socio-scientific decision making
ability mean scores after using the revised curriculum were significantly different at 0.05

level of significance above the cut-off score as shown in TABLE 20.

TABLE 20 THE COMPARISON OF STUDENTS SOCIO-SCIENTIFIC DECISION MAKING
ABILITY MEAN SCORES AFTER USING THE REVISED CURRICULUM AND THE
CUT-OFF SCORE IN MAIN STUDY GROUP

The test Mean S.D Cut-off t df 0

Score

After using the revised curriculum 23.58 4.25 18 8.08 37 0.05
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The results of the second hypothesis testing represented by socio-scientific
decision making ability mean score after studying the revised curriculum were significantly
different at 0.05 level of significance above the cut-off score of the socio-scientific decision
making ability test. In addition, 81.58 % of students (31 students) had the socio-scientific
decision making ability scores higher than the cut-off score after using the revised
curriculum. This indicated that after curriculum implementation, the students were the
mastery students on the socio-scientific decision making ability at 0.05 level of significance;
therefore, the curriculum implementation had the effectiveness on the students’ socio-

scientific decision making ability.

3. The students’ opinion towards the revised curriculum

The questionnaire of students’ opinion towards the revised curriculum which
consisted of 16 items of five Likert scale and two open-ended questions. The gathered data
of students’ opinion towards the revised curriculum and the research hypothesis testing are
presented as follows:

3.1 The gathered data on students’ opinion towards the revised curriculum

The research methodology of this hypothesis test was post-test only design

by using the students’ opinion questionnaire towards the revised curriculum. After
implementing the revised curriculum, the data were collected by using the questionnaire of
students’ opinion towards the revised curriculum. The mean score, standard deviation, and

the result of evaluation of are presented in TABLE 21.
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List of evaluation

Result (N=38)

mean | S.D Interpretation
1. Using of socio-scientific issues made students 4.05 | 0.61 High level
interested and wanted to learn the science related
issues.
2. The contents and socio-cientific issues on genetics 442 | 0.64 High level
were abreast of time.
3. The contents were appropriately difficult for 3.94 | 0.52 High level
students.
4. The instruction had variety and interesting methods. 418 | 0.77 High level
5. The learning activities were consistent to the socio- 426 | 0.60 High level
scientific issues.
6. Students had opportunity to learn with various kinds 4.00 | 0.81 High level
of instructional material.
7. Students had chance to search and used the several | 3.76 | 0.91 High level
additional knowledge sources.
8. Students participated in discussion and showed their | 4.03 | 0.64 High level
ideas.
9. Students could link what they had learned with their 413 | 0.71 High level
real life.
10. Students could apply the knowledge to their daily 3.92 | 0.67 High level
life.
11. The learning process used students’ inquiry and 3.92 | 0.78 High level
student centered methods.
12. The 5-E model with emphasis on socio-scientific 4.08 | 0.67 High level

issues approach promoted the developement of

students’ developing socio-scientific ability.
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TABLE 21 (Continued)

Result (N=38)
List of evaluation

mean | S.D | Interpretation

13. Students had opportunities to practice in making 4.39 |0.72 High level

decisions on genetic issues.

14. After learning process, students had more confidence | 4.16 | 0.80 High level

in making decisions on genetic controversies.

15. Students could apply the socio-scientific decision 411 | 0.73 High level
making process learned in class to make decisions on

other socio-scientific issues.

16. Students will continually attend to the news related 429 |0.70 High level

to socio-scientific issues.

Total 410 | 0.19 High level

The data in TABLE 21 indicated that the students’ opinions toward the revised
curriculum were satisfied with teaching-learning process of the revised curriculum at highest
level in the practice of socio-scientific decision making and a high level in the rest of
question items in the questionnaire.

Moreover, the qualitative data on the students expression their opinions on two
open-ended questions were used to assess their impression and suggestions after learning
with this curriculum. More details of the students’ opinions towards the revised curriculum
are show in Appendix C. The results of content analysis were presented in four main points
as follows.

1) The content of the curriculum were up-to-date and interesting for the
students. There were consistencies between the content and socio-scientific issues, which
made the students more interested and want to follow up on the science news. The students
gave opinions that they had learned both science and social knowledge.

2) The learning activities were also interesting to students because they

were novel, fun with various activities. The students wanted to do the simulated laboratories
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in the area of biotechnology more frequently which helped them to have clearer ideas and
more understanding of the content. Moreover, they were impressed with the socio-scientific
decision making activities, which allowed them to have an opportunity in practicing the
decision making on genetic issues. The students liked to learn with various ways of
teaching-learning processes. They enjoyed learning and had fun in learning with the
curriculum.

3) The instructional materials of the curriculum were well prepared with
various aspects. The students enjoyed studying various news items on genetic issues.

4) The other suggestion for the revised curriculum was that the students
would like to prepare more laboratories by themselves. They also needed the activity and
laboratory, which were connected to the real situation.

3.2 The testing of the research hypothesis Il
The third hypothesis stated that “Student opinion toward the revised

curriculum scores after the curriculum was implemented are at high level.” According to this
research hypothesis, it was expected that the participating students gained positive opinions
toward learning genetics in a high level after they participated in the revised curriculum.

To test the third of research hypothesis, the mean score of students’
opinions toward the revised curriculum was used to test with one sample t-test statistic
which compared to the high level of the criterion setting at high level (Prakong, 1993: 85).

The result of analysis are presented in TABLE 22.

TABLE 22 THE COMPARISON OF STUDENTS’ OPINION TOWARDS THE UPPER
SECONDARY SCIENCE CURRICULUM ON GENETICS TO ENHANCE SOCIO-
SCIENTIFIC DECISION MAKING ABILITY MEAN SCORE AND THE CRITERION
AFTER USING THE CURRICULUM ACCORDING TO THE MAIN STUDY GROUP

The question items analysis Criterion Mean S.D. t a

After using the revised curriculum 3.51 4.10 0.38 9.71 0.05
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The student opinion scores toward the revised curriculum after using the
curriculum were significantly higher at the 0.05 level of significance. Moreover, the
analysis of qualitative data of the students’ opinion on two open-ended questions indicated
that they were satisfied and enjoyed studying with the revised curriculum. This finding
supports the third research hypothesis that students who do activities in the curriculum were
satisfied with the study in the curriculum and had a positive opinion toward the revised

curriculum at high level.

4. The teachers’ opinion towards the revised curriculum
To assess the teachers’ opinion towards the curriculum, the questionnaire of
teachers’ opinions toward the revised curriculum was used at the end of using the revised
curriculum. The questionnaire was 24 items of with a Likert-scale type scale, which were
provided in five domain topics; 1) the content domain, 2) the instruction domain, 3) the
instructional material domain, 4) the assessment domain, and 5) the overall of the revised
curriculum domain. The gathered data of teachers’ opinions toward the revised curriculum

and the research hypothesis testing are presented as follows:

4.1 The gathered data on teachers’ opinion towards the revised curriculum
The participating teachers who participated in this curriculum development
and its implementation were asked to express their opinions toward the revised curriculum.
The first teacher participated in teaching with the draft and revised curriculum and another
was a head of the biology department who participated in the verification of the revised
curriculum and in making some observations in the class that used the revised curriculum.
The mean score, standard deviation, and the results of evaluation of teachers’ opinions are

presented in TABLE 23.
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Result (N=2)
List of evaluation
mean | S.D Interpretation
Contents Domain
1. The content was consistent to the learning outcomes. 500 1 0.00 | Highest level
2. The content in each topic was in order and related. 450 | 0.71 | High level
3. The content was appropriately difficult for students. 3.50 | 0.7 Medium level
4. The content was related to socio-scientific issues 5.00 | 0.00 | Highestlevel
5. The content was appropriate for students to connectand | 4.50 | 0.00 | High level
apply what they had learned to their daily life.
Mean of contents domain 450 | 0.28 | High level
Instructional domain
6. Using the 5Es model approach was appropriate with the | 200 | 0.00 | Highest level
socio-scientific issues.
7. The instructional process promoted students to learn 5.00 | 0.00 | Highestlevel
both scientific knowledge and its related issues at the
same time
8. The teaching-learning process had variety and was 5.00 | 0.00 | Highest level
interesting.
9. The instructional approach of the curriculum enhanced 5.00 | 0.00 | Highest level
students to express their point of view and develop their
thinking of decision making on socio-scientific issues.
10. Using the curriculum, teacher’s observation and 4.00 | 0.00 | High level
facilitation were appropriate for helping students.
11. Time allocation in the curriculum was appropriate for 5.00 | 0.00 | Highest level
the curriculum implementation.
Mean of instructional domain 4.83 | 0.00 | Highest level




TABLE 23 (Continued)

116

List of evaluation

Results (N=2)

Mean | S.D. | Interpretation
Instructional materials domain
12. The instructional materials and additional knowledge 500 | 0.00 | Highest level
sources were consistent to the contents of curriculum.
13. Using the instructional materials and additional 5.00 | 0.00 | Highest level
knowledge sources were appropriate for development of
the students’ learning.
14. The instructional materials were appropriate for 5.00 | 0.00 | Highest level
students to do the learning activities.
15. The instructional materials and additional knowledge 450 | 0.71 | High level
sources had variety and were interesting.
Mean of instructional materials domain 4.88 | 0.18 | Highest level
Assessment and evaluation domain
16. The assessment and evaluation were consistent to the 4.50 | 0.71 | High level
learning outcomes.
17. The assessment and evaluation were consistent to 450 | 0.71 High level
teaching-learning process of using the curriculum.
18. The assessment and evaluation were appropriate with 4.00 | 1.41 | High level
the contents of curriculum.
19. The assessment and evaluation were used to assess 5.00 | 0.00 | Highest level
both the students understanding of genetics and socio-
scientific decision making ability.
20. The students were assessed by authentic assessment 4.00 | 1.41 | High level
and evaluation to improve their knowledge and socio-
scientific decision making.
Mean of assessment and evaluation domain 440 | 0.85 | High level
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TABLE 23 (Continued)

Result (N=38)

List of evaluation
mean | S.D. | Interpretation

The overall curriculum domain
21. The curriculum was appropriately developed for the 4.50 | 0.71 | High level

social needs.

22. The curriculum was appropriate for high school 4.00 1.41 High level

students.

23. The curriculum was appropriately integrated with the 5.00 | 0.00 | Highestlevel

thinking instruction on socio-scientific decision making.

24. The instructional materials and additional knowledge 450 | 0.71 High level

sources had variety and interesting.

Mean of overall curriculum domain 450 | 0.71 High level

From the TABLE 23, the result of teachers’ opinion towards the revised
curriculum after using the revised curriculum showed mean scores of the five domains from
440 to 4.83 indicating that the teachers’ opinions toward the revised curriculum were
satisfied with the revised curriculum implementation at high and highest level. The teachers’
opinions toward the revised curriculum in instruction and instructional material domains
were at the highest level, whereas the rest of the domains, which were content, assessment
and evaluation, and overall of the revised curriculum domains were at the high level.

In addition, the qualitative data of the teachers’ opinions toward the revised
curriculum on open-ended questions are summarized in three main points as follows;

1) The results of instruction, the participating teachers were satisfied with the
curriculum because the learning activities were based on inquiry and a student centered
approach. They gave the opinion that using the genetic issues in the curriculum could make
students more realize the relationship between science and society. In curriculum
implementation, the learning activities helped the students understanding genetics and its

issues. The students were more attentive and well cooperated in learning and doing the
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activities especially by doing group worki because the learning activities had various
activities and were interesting and challenging activities. The results of classroom
observations revealed that the teacher taught well to encourage the students’ curiosity and
in facilitating the students’ learning. This was an inspiration to the students to have fun and
active learning. In part of the instructional materials, they were appropriate for teaching-
learning process in this curriculum. The instructional materials were simply setting with low
cost materials; however, using these materials could make the students become more
interested and understand the related topics. For all of those reasons, the classroom
atmosphere was good because the students enjoyed learning and had more fun in doing
the activities. The learning activities also improved students’ genetic knowledge and their
socio-scientific decision making ability. The overall opinions of participating teachers with
the instruction according to the revised curriculum and the related instruction materials were
good.

2) The problems of curriculum implementation, the problems that the
participating teachers faced are as follows. (A) The setting time of instruction according to
the curriculum was appropriate but some of the actual instructions ran over setting time
because the students spend more time for refreshing prior knowledge and time for doing
school activities. (B) Although the students loved to do activities, some students did not
want to complete their paper work and to express and share their ideas to their group and
classroom. (C) Some students had little intention of studying in an elective science course.
(D) Some topics were too difficult for students. (E) The teachers who want to use this
curriculum should have good knowledge on genetics and biotechnology as well as related
social knowledge.

3) The participating teachers suggested that the curriculum was appropriate
for implementation with 20-24 students per one class. The instruction should have longer
time for students’ thinking and discussion in a classroom. The assessment and evaluation
should have situations that are more authentic. This curriculum should be in the core
science curriculum because learning the content are related to issues in society. It could

make students understand science content and be able to make a reasonable decision on
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the issues. More details of the teachers’ opinions toward the curriculum are presented in

Appendix C

4.2 The testing of research hypothesis IV

The fourth research hypothesis stated, “Teacher opinion scores towards the
revised curriculum after the revised curriculum was implemented are at high level.”
According to this hypothesis, it was expected that the participating teacher gained a positive
opinion towards the implementation of the revised curriculum at a high level.

To test the fourth research hypothesis, the mean score of teachers’ opinions in
each domain and in total score were used for testing with t-test for one sample statistics,
which were compared to the criterion setting at high level (Prakong, 1993: 85). The summary

details of the results are presented in TABLE 24.

TABLE 24 THE COMPARISON OF THE MEAN SCORES OF TEACHERS’ OPINION
TOWARDS THE UPPER SECONDARY SCIENCE CURRICULUM ON GENETICS TO
ENHANCE SOCIO- SCIENTIFIC DECISION MAKING ABILITY AFTER USING THE
CURRICULUM AND THE CRITERION

Domain Criterion Mean S.D. t a
1. Content 3.51 4.50 0.61 3.62 0.05
2. Instruction Methods 3.51 4.83 0.41 7.94 0.05
3. Instructional materials 3.51 4.88 0.25 10.92 0.05
4. Assessment 3.51 4.40 0.42 4.76 0.05
5. Overall of the curriculum 3.51 4.50 0.41 4.85 0.05

Total 3.51 4.62 0.22 11.44 0.05

The results of the fourth research hypothesis testing represented by the
participating teachers’ opinion mean scores after using the revised curriculum were

significantly higher at the 0.05 level of significance in all domains. In addition, the analysis
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results of qualitative data from two open-ended questions in the questionnaire of teachers’
opinions toward the curriculum indicated that the participating teachers were satisfied with
the instruction according to the revised curriculum and the related instruction materials. This
result supported the fourth research hypothesis which means the participating teachers’

opinion toward the curriculum were at the high level of satisfaction in using the curriculum.

Summary of the research finding

The gathered results from the revised curriculum implementation were
evaluated for the effectiveness of the curriculum on students’ achievement, students’ socio-
scientific decision-making ability, students’ opinion towards the curriculum and the teachers’
opinion towards curriculum by testing four research hypotheses. The results of the
curriculum evaluation after implementation of the curriculum indicated that:

1. The students’ achievement scores after the curriculum implementation
were significantly different at 0.05 level of significance above the cut-off score of the
achievement test.

2. The students’ socio-scientific decision-making scores after the curriculum
implementation were significantly different at 0.05 level of significance above the cut-off
score of the socio-scientific decision making ability test.

3. The students’ opinion score toward the curriculum after using the
curriculum was significantly higher at the 0.05 level of significance.

4. The teachers’ opinion score toward the curriculum after using the
curriculum were significantly higher at the 0.05 level of significance.

The results of evaluation on effectiveness of the curriculum implementation
indicated that the upper secondary science curriculum on genetics enabled students to
develop their understanding on genetics and enhanced their socio-scientific decision
making ability. The participating students and teachers were satisfied with the curriculum
implementation at high level. The results of the research findings supported all of research
hypotheses in this study, which means the curriculum was a curriculum for implementation

in the classroom.



CHAPTER 5
CONCLUSIONS, DISCUSSIONS and RECOMMENDATIONS

This is the concluding chapter of the research study on the development of the
upper secondary science curriculum on genetics to enhance socio-scientific decision
making ability. It is presented in 3 sections as follows: section 1: the conclusions of the

study; section 2: discussions; and section 3: recommendations.

Section 1: The Conclusions of the Study

The main ideas behind of the study were to portray science in a more
contextualized way and to bridge the gap between scientific knowledge and social
responsibility. In order to achieve this idea, the curriculum was developed to help students
develop their understanding in genetics which is advanced beyond the core curriculum and
enhance their ability to use genetic knowledge for making decisions on socio-scientific
issues. Therefore, the purposes of this study were as follows:

1. To develop the science curriculum on genetics to enhance upper secondary
students in socio-scientific decision making ability.

2. To study the implementation of the science curriculum on genetics to
enhance upper secondary students in socio-scientific decision making ability.

3. To evaluate the effectiveness of the curriculum on students’ understanding of
genetics, students’ socio-scientific decision making ability, students’ opinions toward
curriculum, and teachers’ opinions toward the curriculum.

The hypotheses of this study were as follows:

1. Student achievement scores after the curriculum implementation are higher
than the cut-off score of the achievement test.

2. Student socio-scientific decision making ability scores after the curriculum
implementation are higher than the cut-off score of the socio-scientific decision making ability

test.
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3. Student opinion scores toward the revised curriculum scores after the
curriculum implemented are at a high level.
4. Teacher opinion scores toward the revised curriculum after the curriculum

implementation are at high level.

1.1 Research Methodology

Three stages of research procedures to develop the upper secondary science
curriculum on genetics to enhance socio-scientific decision making ability are described as
follows:

1.1.1 Curriculum development stage

The curriculum in this study was developed in five steps: 1) studying the

basic information, 2) designing a draft curriculum, 3) evaluating the draft curriculum by
experts, 4) piloting the draft curriculum and 5) revising the draft curriculum. The details of
the results of each step are summarized as follows:

Step 1 Studying of the basic information: This step started with studying
and analyzing the related documents regarding the curriculum development. The gathered
data were used to indicate the students’ prior knowledge on genetics, to guide the selecting
of the appropriate genetic content and related genetic issues, and to select the appropriate
approach and assessments.

Step 2 Designing a draft curriculum: The analysis of the results of the
basic information were used to design the curriculum components which consisted of: 1)
curriculum principle, 2) learning outcomes, 3) genetic contents and learning activities, 4)
lesson plans and 5) curriculum assessment and evaluation. All of the draft curriculum
components were developed based on the 5Es model, socio-scientific issues approach and
socio-scientific decision making framework. In this approach, each step of 5 Es model
based on socio-scientific issues was integrated with a practical step of socio-scientific
decision making framework.

Step 3 Evaluating of the draft curriculum by experts: Before using the

draft curriculum in the pilot study, the quality of the draft curriculum was evaluated and
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verified by three experts, namely, an experienced biology teacher, a curriculum developer,
and a geneticist, regarding the appropriateness and consistency of the draft curriculum.

Step 4 Piloting the draft curriculum: The draft curriculum was tried out in
the pilot study for testing the quality of the draft curriculum. The draft curriculum was used
as a part of an elective course for teaching-learning with two classes of 12" grade students
at the Mahidol Wittayanusorn School for 9 weeks of the first semester of the 2007 academic
year. This curriculum was designed to have two learning periods per week. The total time
using the draft curriculum was 14 learning periods (7 weeks) for instructing with lesson
plans and 4 learning periods (2 weeks) at the beginning and at the end of the revised
curriculum implementation for gathering data to assess the effectiveness of the draft
curriculum.

Step 5 Revising the draft curriculum: The gathered data from the pilot
study were used for revising the draft curriculum. The draft curriculum was adjusted for
suitable time for doing the activities and revision of the wording of the draft curriculum and
avoiding the ambiguity.

1.1.2 Curriculum implementation stage
The revised curriculum was implemented as an elective course for two
classes of 11" and 12" grade students who enrolled in this curriculum in the second
semester in the 2007 academic year at the Mahidol Wittayanusorn School. The total time for
teaching and learning with the revised curriculum was 11 weeks of 18 learning periods (9
weeks) for instructing with lesson plans and 4 learning periods (2 weeks) at the beginning
and the end of the revised curriculum implementation for gathering data on the
effectiveness of the revised curriculum. After the revised curriculum was used, the data for
curriculum evaluation were gathered by using the achievement test, socio-scientific decision
making ability test, students’ opinions toward the curriculum questionnaire, and teachers’
opinions toward the curriculum questionnaire.
1.1.3 Curriculum evaluation stage
The gathered data from the revised curriculum were of both quantitative and
qualitative types. For testing the research hypotheses, the quantitative data were used for

analyzing by using the program of Statistic Package for the Social Science for Windows
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version 16.0 (SPSS for Window version 16.0). The collected quantitative data were analyzed
and tested by t-test for one sample statistics with a comparison to the setting criterion score.
For examining other effects of the revised curriculum implementation, the qualitative data

were used for analyzing in terms of a content analysis.

1.2 Research Finding
The research findings in each stage of the research methodology in this study
are concluded and presented as follows:
1.2.1 The results of the curriculum development stage
The data from studying the relevant literature and the basic information were
used in designing the draft curriculum. Therefore, the draft curriculum, the student
guidebook and the lesson plans were designed based on the 5Es model with emphasis on
socio-scientific issues approach combined with a practical framework of socio-scientific
decision making.
1.2.1.1 The draft curriculum was designed and developed including the
student guidebook, the lesson plans, and the assessment which are summarized and
presented as follows:

1. The student guidebook consisted of genetic content and activities
identified in four learning units; unit 1: basic knowledge of DNA, unit 2: genetic engineering,
unit 3: DNA fingerprinting, and unit 4: the human genome project. Each learning unit was
approached by using genetic issues as a main guideline to instruct students with genetic
content and enhance their ability to make decision on socio-scientific issues.

2. The lesson plans consisted of the seven lesson plans which used the
5Es model with emphasis on socio-scientific issues approach combined with a practical
framework of socio-scientific decision making for the instruction.

3. The assessment tools developed for assessing the effectiveness of
curriculum implementation consisted of the achievement test on genetics, the socio-
scientific decision making test, the questionnaire of the students’ opinion towards the

curriculum, and the questionnaire of the teachers’ opinion towards the curriculum.



125

1.2.1.2. Before the draft curriculum was used in the pilot study, its quality
was verified by the experts. The results of the draft curriculum evaluation indicated that:

1. The appropriateness of the student guidebook was at the high level
because the mean scores ranging from 4.00 to 4.33 were higher than the criteria (3.51). This
indicated that the student guidebook was appropriate for implementation with students.

2. The appropriateness of the instructional plans was at the high to
highest level regarding the gathered mean scores ranging from 3.67 to 4.67, which were
higher than the criteria (3.51). This result showed that the lesson plans were appropriate for
using and implementation within a classroom.

3. The appropriateness of the overall curriculum was at the high level
with the mean scores of 3.67 to 4.33, which were higher than the criteria (3.51). The findings
indicated that the curriculum was appropriate for implementation within a classroom.

4. The consistency level of the curriculum components showed the mean
scores of IOC index from 0.67-1.00, which were higher than the criteria (0.50). These results
indicated that the curriculum components had consistency.

In conclusion, all of the results of the draft curriculum evaluated by experts
indicated that not only the mean scores of the appropriateness of the draft curriculum but
also the mean scores of the IOC of curriculum components were higher than the criteria
score in all items. Therefore, the draft curriculum was suitable for implementation in the
classroom.

1.2.1.3 In the pilot study, the results after using draft curriculum with two
classes of 12" grade students drawn from the Mahidol Wittayanusorn School indicated that
the draft curriculum was effective and appropriate for teaching and learning genetics
content and socio-scientific decision making in the classrooms. The mean scores of the
participating students’ opinion toward the draft curriculum after using the curriculum were
significantly higher than 3.51, the criterion setting at high level (Prakong, 1993: 85), at the
0.05 level of significance.

1.2.1.4 The draft curriculum was revised according to the results from the
pilot study by adjusting the time for each step of lesson plans as determined by the

researcher and collaborating teachers. Therefore, the first lesson plan was revised to use 3
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learning periods, and the rest of the lesson plans were revised to use 2.5 learning periods
per lesson plan.
1.2.2 The results of the curriculum implementation stage

In the main study, the revised curriculum was implemented with 33 students
of 11" grade and 5 students of 12" grade at the Mahidol Wittayanusorn School for 11 weeks
(2 learning periods/ week) in the second semester of the academic year 2007. This
curriculum was implemented as a scientific elective course, SC 40254 which was taught by
the same teacher as in the pilot study. The findings of the curriculum implementation are
presented as follows:

1.2.2.1 The students’ learning achievement

The students’ learning achievement test on genetics was used for
collecting data at the beginning and at the end of the revised curriculum implementation.
The cut-off score of the achievement test was 20 scores setting by using the Berk A.R.’s
method (1976) for computation the students’ achievement scores before using the revised
curriculum in the main study and the students’ achievement scores after using the draft
curriculum in the pilot study.

After the revised curriculum implementation, it was found that the
students’ learning achievement scores after using the revised curriculum were significantly
higher than those in the same group before using the revised curriculum at 0.05 level of
significance in all learning units. The scores of 89.47% of students had the achievement
scores higher than the cut-off score on the achievement test after using the revised
curriculum.

1.2.2.2 The students’ socio-scientific decision making ability

At the beginning and at the end of using the curriculum, the socio-
scientific decision making ability test was used for collecting data from the participating
students. The cut-off score of the socio-scientific decision making ability test was 18 scores
setting by using the Berk A.R.’s method (1976) for computation the students’ socio-scientific
decision making ability scores before using the revised curriculum in the main study and the
students’ socio-scientific decision making ability scores after using the draft curriculum in

the pilot study.
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The result of the t-test dependent for pair sample statistics analysis
indicated that the students’ socio-scientific decision making ability scores after using the
revised curriculum were significantly higher than that in the same group before using the
revised curriculum at the 0.05 level of significance. Moreover, 81.58 % of students
(n = 38) had the socio-scientific decision making ability scores higher than the cut-off score
after using the revised curriculum.

1.2.2.3 The students’ opinions toward the curriculum

The questionnaire of students’ opinions toward the revised curriculum
including 16 statements of a five rating scale (Likert scale) and two open-end questions was
used to collect students’ opinion after the curriculum implementation. The analysis of the
questionnaire showed that students’ opinions toward the revised curriculum were at high
level of satisfaction in all items.

1.2.2.4 The teachers’ opinions toward the curriculum

The teachers’ opinions toward the curriculum after the curriculum
implementation were assessed in five domains including content, instruction, instructional
materials, assessment and overall curriculum by the questionnaire of teachers’ opinion
toward the curriculum. The results of assessment of the teachers’ opinion showed that the
teachers’ opinion mean scores of content, assessment and overall curriculum domains were
at high level. The teachers’ opinions mean scores of instruction and instructional materials
domains were at the highest level.

1.2.2.5 The qualitative data

The qualitative data which were used to examine other effects of the
curriculum implementation were gathered by using these research instruments:

1. The students’ opinion questionnaire toward the curriculum: The
student gave the opinions that the genetic content and its related issues were very
interesting to study not only the science knowledge but also the social science related
issues. The variety of learning activities and instructional materials impressed the students
and made them like learning with the curriculum. Learning according to the curriculum help
students understand genetics and its issues as well as in making decision on socio-

scientific issues.
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2. The teachers’ opinion questionnaire toward the curriculum: After the
curriculum implementation, the participating teachers expressed their opinions toward the
curriculum in two main points. First of all, the instruction methods in the curriculum were
useful for instructing both genetics and genetic issues. This curriculum promoted the
students realizes the relationship between science and society. The curriculum
implementation was appropriate with 20-24 students per a class. Problems with the
curriculum implementation were the interrupted learning time by other school activities, the
difficulty of the topics, and the attention in an elective course.

1.2.3 The results of curriculum evaluation

The findings of the curriculum implementation indicated that this revised
curriculum was effective after testing the following research hypotheses:

1.2.3.1 Research hypothesis 1 stated that student achievement scores after
the curriculum was implemented are higher than the cut-off score’s achievement. The
result of the first hypothesis testing found that the students’ achievement scores after using
the curriculum were significantly different at 0.05 level above the cut-off score of the
achievement test.

1.2.3.2 Research hypothesis 2 stated that student socio-scientific decision
making ability scores after the curriculum was implemented are higher than the cut-off score’s
socio-scientific decision making ability. The result of hypothesis testing found that the
students’ socio-scientific decision making ability scores after using the curriculum were
significantly different at 0.05 level above the cut-off score of the socio-scientific decision
making ability test.

1.2.3.3 Research hypothesis 3 staged that student opinion toward the revised
curriculum scores after the curriculum was implemented are at high level. The result of the
third hypothesis testing found that the students’ opinion towards using the curriculum were
significantly higher at 0.05 level of significance. In addition, the conclusion of qualitative
data from students’ opinion toward the curriculum also revealed that the students had
positive attitudes toward the learning with the curriculum.

1.2.3.4 Research hypothesis 4 stated that teacher opinion scores toward the

revised curriculum after the revised curriculum was implemented are at high level. The
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results of assessment of teachers’ opinions toward the curriculum implementation were
significantly higher at the 0.05 level in all domains. Moreover, the results of qualitative data
analysis from teachers’ opinions toward the curriculum implementation showed that the

teachers were satisfied after the curriculum implementation.

Section 2: Discussions

This research study developed the science curriculum on genetics to enhance
socio-scientific decision making ability for preparing students’ knowledge and ability to deal
with scientific controversies in society. The results from this study agreed with the four
research hypothesis and indicated that the curriculum was effective on students’
achievement, students’ socio-scientific decision making ability, students’ opinion toward the
curriculum, and teachers’ opinion toward the curriculum. To give more detail on the
curriculum effectiveness, in depth analyses were summarized and discussed according to

these four effects of the curriculum as follows:

2.1 Students’ Learning Achievement on Genetics
The results of the curriculum implementation showed that the students,
achievement scores, after using the curriculum, were higher than the cut-off score of the
achievement test at 0.05 level. This result supported the first research hypothesis which
stated that student achievement scores after the curriculum was implemented are higher than
the cut-off score of achievement test. The finding indicated that the achievement of students
was improved because of the revised curriculum implementation with statistic significance.
It means that after studying the curriculum, the students developed their knowledge to
become the genetic masters with statistic significance.
2.1.1 The improvement of students’ learning achievement of genetics in the
curriculum implementation was supported by the followings:
2.1.1.1 The curriculum was developed in a stepwise manner of the
curriculum development process which consisted of the curriculum development model of

Saylor, Alexander, and Lewis’s (1991) and the backward design framework of Wiggins G.
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and McTighe J. (1998). This development started with identifying the desired results (goals)
which considered what students should gain during the curriculum implementation. This
agreed with Wiggins G. and McTighe J. (1998), Tyler (1994), and Taba (1962) who argued
that the curriculum development should begin with the ended or the desired results of the
curriculum rather than to begin with text book, or favored lesson. The desired results led to
the selection of worthy topics, instructional materials, appropriated approaches, and
suitable assessment. Moreover, the content and activities in this curriculum were designed
and developed based on consideration of the National Science Standards from IPST, the
students’ prior knowledge of genetics and the criteria for selection of science content from
AAAS (1989: 21). This curriculum development acknowledged the importance of not
divorcing science from its social function as agreed with the learning theories including
Dewey, constructivism, social constructivism, and situation learning theories.

2.1.1.2 The socio-scientific issues on genetics were used as a main vehicle for
designing and developing the genetic curriculum and its related instructional materials
which attempted to connect among students, their social world, and application of
academic knowledge to the students’ world. The learning activities of this study were
provided in such a way that students learned genetics knowledge, related genetic issues
and challenged them to apply their knowledge for dealing with the genetic issues. The
selected socio-scientific issues on genetics could make students interested in learning the
genetic contents related issues and to realize the relationship between genetic knowledge
and society. This corresponded with Pedretti (2001) who argued that socio-scientific issues
used as organizers for science education present many advantages; issues present a point
of departure for developing and exploring future inquiry, provide a rationale for the search
for information, and more accurately reflect the multi-disciplined nature, discourse, and
activities of the scientific pursuit. Therefore, the participating students’ achievement in this
study was improved after studying with the curriculum. Many researchers also supported
that socio-scientific issues to be used as pedagogical contexts (Sadler, Zeidler, &
Chambers, 2004; Zeidler et al, 2002). The success of using socio-scientific issues on
genetics in science classroom in this study corresponded with the Zohor and Nemet's

(2002) study which reported the results of a controlled, experimental study in which intact
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classes received intervention or control instruction. The intervention focused on human
genetics and associated socio-scientific issues such as genetic counseling, gene therapy
and cloning; whereas, the control treatment presented the same underlying genetics
content without socio-scientific emphases. The intervention classes outperformed their
peers on a test of genetics content knowledge. A similar result was found in the findings of
Walker's (2003) study which presented the case study of improvements in high school
student understanding of genetics as they worked through a web-enhanced curriculum
focused on genetically modified foods. The finding of this study strongly supported that
socio-scientific issues had potential to serve as effective contexts for understanding science
knowledge and its issues.

2.1.1.3 The 5Es model of inquiry based on socio-scientific issues combined
with the socio-scientific decision making framework was used as the curriculum approach
for producing the cognitive success in this study. The curriculum approach used socio-
scientific issues on genetics by integrating each step of 5 Es model based on socio-
scientific issued with components of socio-scientific decision making framework. This
approach could promote students’ learning in the science content related to the particular
issues and enhance their socio-scientific decision making ability. The students were situated
with genetic issues to formulate an inquiry and construct their understanding on genetics
and practice their ability on socio-scientific decision making at the same time. Therefore, the
students learned genetics through real genetic issues and they were challenged to apply
what they had learned in their class to make a decision on this genetic controversy situation.
This approach could make students succeed in the achievement domain because the
inquiry and negotiation of socio-scientific issues requires the integration of science
concepts and processes with social constructs and practices (Sadler D.T., Barab A.S. and
Scott B., 2006). According to this approach, students had an opportunity to learn
knowledge, apply, and link it with their world which made student realize the benefits of
learning in the curriculum and to gain meaningful learning. This was in line with Bennett's
(1999:16) argument stating that “science current events sparked students’ interest in the
world around them. Allowing students to choose science articles, which are of interest to

them, it can provide the spark needed to make learning relevant and meaningful.” A similar
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argument from Byers& Fitzgerald (2002:82), they stated that “students enthusiastically
receive the inquiry learning process and promote students to investigate real problem on
their own.” During the curriculum implementation, the participating students were curious in
understanding the science and technology behind socio-scientific issues and effects of the
science and technology on the society. This curriculum made students see the benefit of
learning in each step of curriculum approach; so they paid more attention to learning
science for understanding the science behind socio-scientific issues. This study thus found
that using socio-scientific issues integrated into an inquiry approach could make the
students succeed in the cognitive domain. This finding was similar to the study of
Tanaprayothsak W. (2005) which found that student achievement scores after using the
science curriculum on natural resources and environmental pollution related to real-life
issues based on inquiry cycle approach were higher than student achievement scores
before using the curriculum.

2.1.1.4 The hands-on activities and related instructional materials in this
curriculum were used to help students have more interest and understanding in the complex
science content. Even though the instructional materials were simply made from low cost
materials, they greatly served to help students gain more knowledge. In the curriculum,
there was at least one hands-on activity for each week allocated for the instruction on
genetic content. Nevertheless, there was one exception in the week of instruction on
genetic engineering in plants which featured a jigsaw activity (no laboratory) however, most
of the participating students in this study liked to do the hands-on activities in the classroom.
In the questionnaire of the students’ opinion toward the curriculum, they expressed their
impression with the instructional material of the curriculum such as “Even though, the paper
model of gel electrophoresis looked simple but it made me have more understanding on the
principle of gel electrophoresis”, “I liked to do the CSI junior activity because it was a fun
and interesting activity which made me understand DNA fingerprinting”. The hands-on
activities and related instructional materials helped students succeed in the achievement
domain. This finding corresponded with the argument of Stohr-Hunt, P M. (1996: 101) who
claimed that students who did hands-on activities once or twice a week gain more on

standard test scores than students who did hands-on activities 2-3 weeks at a time.
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2.1.2 Problems and suggestions on students’ learning achievement on genetics
during the study are described as follows.
2.1.2.1 Even though the achievement of students was improved after using
the curriculum by having mean scores higher than the cut-off score of the achievement test
with statistic significance, 10.53% of the students (n = 38) gained achievement score after
using the curriculum lower than the cut-off score of the achievement test. The results from
the informal interview with this student group and the discussion with the participating
teacher revealed that the success in studying with this curriculum depended on students’
attention to it. The research finding found that most of the students liked to learn with this
curriculum. However, some students paid little attention to studying this curriculum because
of three reasons as follows. 1) This curriculum was implemented as an elective science
course which did not require the regular grade (A-F grade). The grading system for elective
courses in this school was either a pass or fail grade. Therefore, some students paid little
attention in the elective course. 2) Some of participating students were 12" grade students
who enrolled in this curriculum simply to complete the school’s requirement for graduation.
3) The rest of students in this group who liked other subjects better than biology enrolled in
this curriculum. The participating teacher needed to encourage this group of students to
make them interested and to study in the curriculum. Therefore, the success of students’
learning achievement depended on their attention level in studying in the curriculum. The
learning outcomes of the students of high attention group were satisfied because they really
wanted to learn the curriculum. Therefore, the low attention group needed more teachers’
facilitation and encouragement to make them succeed in the curriculum. A further study of
the addition of this curriculum to the core curriculum or elective curriculum is advised.
2.1.2.2 The curriculum was revised in terms of time in each lesson plan
according to the results of pilot study before using in the curriculum implementation stage.
Especially, lesson plan one which was planed to refresh students’ prior knowledge in
genetics, had the longest learning time (three learning periods). The results of curriculum
implementation found that setting this time was suitable because the achievement mean
score in learning unit 1 (basic knowledge of DNA) before using the curriculum was 3.82

which was lower than the achievement score in learning unit 2 (genetic engineering) and
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learning unit 3 (DNA fingerprinting) studied in the second semester of grade 10. This
indicated that students’ prior knowledge on genetic engineering and DNA fingerprinting
were higher than basic knowledge of DNA and the human genome project. The student
endured the application knowledge of DNA rather than basic of DNA. However, after using
the curriculum, the students’ achievement mean scores in all learning units before using the
curriculum was significantly different from the mean achievement scores after using the
curriculum at 0.05 level of significance. A future study of the factors affecting the retention in

basic genetic knowledge and the application of DNA knowledge is advised.

2.2 Students’ Socio-Scientific Decision Making Ability
The result of research indicated that the students’ socio-scientific decision
making ability was improved after studying the upper secondary science curriculum on
genetics to enhance socio-scientific decision making ability with statistical significance. The
second research hypothesis was supported because the results of testing research
hypothesis found that the students’ socio-scientific decision making ability scores after
using the curriculum were significantly different at 0.05 level above the cut-off score of the
socio-scientific decision making ability test.
2.2.1 The findings of students’ socio-scientific decision making ability were
supported by the followings:
2.2.1.1 This curriculum enhanced the improvement of students’ socio-
scientific decision making ability because of using the socio-scientific issues for the
curriculum development and the curriculum effectiveness on students’ achievement.
2.2.1.1.1 The curriculum in this study was developed by using socio-
scientific issues to construct the connection among student, science content, and society as
well as to promote students’ ability to deal with the modern world. Therefore, this curriculum
was constructed with the integration between the genetic content and genetic issues, by
using the 5Es model based on socio-scientific issues combined socio-scientific decision
making framework, as the curriculum approach for instruction both genetics and socio-
scientific decision making ability at the same time. The socio-scientific issues on genetics

could be used for the students to practice linking and applying their classroom knowledge
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with controversies on genetics and its technology in the real world. The results of this
curriculum development agreed with Beyer K. B. (1991:110) who stated that “teaching
thinking skills in skill classes (Classes free of academic subject matter) is not nearly as
effective in helping students learn to use these skills as is combining instruction in thinking
skills with subject-matter teaching. The curriculum implementation in this study indicated
that using socio-scientific issues in the curriculum could support the teaching of decision
making thinking on socio-scientific. This agrees with the argument from many educators
(Cajas, F., 1999; Kolstg,, S.D., 2001a; Zeidler D. L. and et al, 2005) who stated that socio-
scientific curricula have been positioned as vehicles for promoting democratic citizenship
through science education because the focal issues are relevant and can bridge school
science and the students lived experiences. The students were improved on one hand in
their understanding of genetics and on the other hand in their ability to make decision on
socio-scientific issues. This indicated that developed curriculum was an effective curriculum
in both achievement and socio-scientific decision making.

2.2.1.1.2 The effectiveness of curriculum implementation on students’
achievement in this study encouraged the improvement of students’ socio-scientific decision
making ability. The students’ understanding of genetic content related genetic issues could
be used when they made a decision on genetic issues. This finding was supported by
many researchers (e.g. Patronis, T., Potari, D., and Spiliotopoulou, V.,1999; Sadler, 2004)
who indicated that understanding science content is necessary for informed decisions
regarding socio-scientific issues. The influence of genetic content for socio-scientific issues
on genetics was also found in Sadler and Zeidler's (2004) study which used the mix-method
approach to analyze 269 students in a case of applying genetic knowledge to genetic
engineering issues. The results of this study indicated that differences in content knowledge
are related to variation in informal reasoning quality. Participants, with more advanced
understandings of genetics, demonstrated fewer instances of reasoning flaws, as defined
by a priori criteria, and were more likely to incorporate content knowledge in their reasoning
patterns than participants with more a naive understanding of genetics. This approach was
appropriated for curriculum implementation for the development of both the understanding

of science and socio-scientific decision making ability because this approach agreed with
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Kerr C. (1996) who suggested that decision making ability can be developed when students
learn subjects combined with decision making aspects and activities for making the
decision.
2.2.1.2 The socio-scientific decision making framework

The socio-scientific decision making framework in this study could help
students improve their socio-scientific decision making ability because of two reasons as
follows:

2.2.1.2.1 The socio-scientific decision making framework in this study
was the effective framework for the improvement of the students’ socio-scientific decision
making ability because the framework was developed based on the socio-scientific
reasoning. This framework contained the steps for practicing the components of socio-
scientific reasoning including 1) recognizing the inherent complexity of socio-scientific
issues, 2) examining issues from multiple perspectives, 3) appreciating the socio-scientific
issues are subjected to ongoing inquiry, and 4) exhibiting skepticism when presented
potentially biased information. The practice of the socio-scientific reasoning made students
improve their making reasonable decisions on socio-scientific issues. This research finding
was supported by the study of Sadler, D.T., Barab, A.S. and Scott, B. (2006) who stated that
the practice of socio-scientific reasoning was the most significant practices for decision-
making in the context of socio-scientific issues.

2.2.1.2.2 Using this socio-scientific decision making framework could
promote students’ systematic thinking. This framework acted as a guideline for thinking to
make a sound decision on socio-scientific issues because it helped students think in
stepwise manner of socio-scientific decision making process. Many researches had
success in teaching for thoughtful socio-scientific decision making by using the socio-
scientific decision making framework (Kortland, 1996; Ratcliffe, 1997; Pedretti, 1999; and
Edelson, and et al, 2006). These researches reported the students’ decision making on
socio-scientific issues in environment class improved after using the decision making
model. The results of using the socio-scientific decision making framework in this study

strongly supported the previous research studies that teaching decision making on socio-
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scientific issues was successful due to using decision making model/framework/process to
help students develop their socio-scientific decision making ability.

2.21.3 The good environment in classroom during the curriculum
implementation was a factor affecting the improvement of socio-scientific decision making
ability. The curriculum provided active learning activities and the students were active in
various hands-on activities. The interactions of both the participating teacher with the
students and the students with students were warm and good. The students enjoyed
studying with the curriculum and did not fear expressing their ideas and their points of view.
This classroom environment occurred because the curriculum was implemented as an
elective course which made students feel more relaxed and unstressed than they did in
learning in a core course. The learning activities according to the curriculum implementation
including hands-on activities, the practice of socio-scientific decision making ability with the
genetic issues occurred in the students’ society made students be more interested and
cooperate well to learning and doing the activities. These reasons made the classroom
environment good and encouraged the students thinking to make sound decisions on the
socio-scientific issues. This result from this study agreed with the result of Thipatdee’s
(1996) study which found the formal implementation of enrichment curriculum on developing
complex thinking ability of the upper secondary school students with high achievement
could inhibited students’ complex thinking behaviors including their decision making ability.
This similar result found in Nuankaew (2000) research which was the program for
developing higher order thinking in science of 7" grade students. This research finding also
indicated that the classroom environment for teaching higher order thinking should be
organized as a informal classroom and encouraged their thinking rather than focused on
achievement domain.

2.2.2 Problems and suggestions on students’ socio-scientific decision making
ability during the study are described as follow.

2.2.2.1 The sample group in this study was the 11" and 12" grade students
who were high achievement students at the Mahidol Wittayanuson School, the special
science high school for high achievement in mathematics and science students. Even

though, the aims of promoting socio-scientific issues are focused to empower students to
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handle the science-based issues that shape their current and future worlds. The students
should consider both positive and negative effects of science and technology which may
occur in society to be able to deal with socio-scientific issues. However, this study revealed
that most students in the sample group had a very positive attitude towards science and
technology and paid little attention to consider the other aspects of science and technology.
During the curriculum implementation, the participating teacher needed to encourage them
to have more realization to the negative effects of science and technology in society. With
this finding, a future study of a comparison the socio-scientific decision making ability
among high achievement in science students, normal science students, and non-science
students is advised.

2.2.2.2 The sample students were only guided to practice on making
decisions on socio-scientific issues via the socio-scientific decision making framework. This
practical way provided in such a way that students collaborated with peers and with
facilitation from the teacher. This practical way was believed that students’ learning required
interaction with adults or peers which agreed with the zone of proximal development
theories of Vygotsky. The previous report stated “the distance between the actual
development level as determined by independent problem solving and the level of potential
development as determined through problem solving under adult guidance or in
collaboration with more capable peers (Vygotsky, 1979 cited by Department of Psychology,
Massey University, 2003: Online). However, a future study of how to reduce the guided

practice for effective teaching on socio-scientific decision making ability is advised.

2.3 Students’ Opinion towards the Curriculum
The result of the third research hypothesis tested found that the students’
opinion scores toward the upper secondary science curriculum on genetics to enhance
socio-scientific decision making ability after the curriculum implementation were significantly
higher at the 0.05 level of significance. These findings were supported by the following:
2.3.1 The development of this curriculum used the socio-scientific issues on
genetics which were really found in the students’ life. The students enjoyed and were

interested to learning the science related issues for having more understanding on the



139

genetic issues. The curriculum approach, the 5Es model of inquiry based on socio-scientific
issues combined with the socio-scientific decision making framework, made students
realized the benefits of learning in the curriculum and gain meaningful learning because
they could link their knowledge to their real world. This curriculum development agreed with
Shepard, L. (2007) who stated that “school learning should be authentic and connected to
the world outside of school not only to make learning more interesting and motivating to
students but also to develop the ability to use knowledge in real world setting.” This result
was similar to the finding of Tanaprayothsak W. (2005) who found that the student opinion
scores toward the science curriculum on natural resource and environmental pollution after
the science curriculum implementation were at high level of satisfaction with statistical
significance.

2.3.2 The curriculum implementation made students have fun during the
learning process. The students enjoyed learning with the variety of learning activities
according to the curriculum because they were active learners. These activities could be
used to support students’ understanding on genetics. The research found that the learning
activities which were very close to the students’ daily life made them pay more attention. For
example, the qualitative data analysis found that the most favorite activity for student was

the CSI junior activity because of using members of the biology department, at the sample

students’ school, as actors in scenario.

2.4 Teachers’ Opinion towards the Curriculum
The result of the fourth research hypothesis tested found that the teachers’
opinion scores toward the upper secondary science curriculum on genetics to enhance
socio-scientific decision making ability after the curriculum implementation were significantly
higher at the 0.05 level of significance.
2.4.1 These findings on teachers’ opinions toward curriculum were supported
by the following:
2.4.1.1 The development of curriculum by using socio-scientific issues on
genetics as a main vehicle for construction both science content and socio-scientific

decision making ability made the curriculum effective with both achievement and thinking
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ability of socio-scientific decision making. The curriculum made students realize the
relationship between science and society. In this study, the participating teachers had
positive opinions on using socio-scientific issues in classroom. A similar result was also
found in the finding of Simonneaux, L. and Simonneaux, J. (2006) which reported that 81%
of French teachers in their research survey argued that controversial socio-scientific issues
must be taught.

2.41.2 The teachers’ opinions to the curriculum implementation on
instruction method and instructional materials domains were at the highest level of
satisfaction. The instruction method of the curriculum was a useful method because it could
save time for teaching science and thinking. This approach may be used for solving the
allocation of scarce instructional time in socio-scientific curricula which consumed
significance classroom time in study of Sadler, D.T., Barab, A.S. and Scott, B. (2006). The
participating teachers in this study were satisfied with instructional materials because they
had good preparation and covered topics in the curriculum. Moreover, the instructional
materials also provided various kinds of additional resources which students may want to
study in genetic content and to support their socio-scientific decision making.

2.4.2 Problems and suggestions on teachers’ opinions toward the curriculum
are described as following.

2.4.2.1 Even though most of the results on the teachers’ opinions toward the
curriculum were at high and at highest level in 23 items but only on the mean score of
teachers’ opinion on third item stating that “the content was appropriately difficult for
students” was at medium level. The reason could be the content in the curriculum were
normally found at the university level which made the content in curriculum looked difficult.
However, the content in this curriculum was adjusted for the difficulty suitable for the upper
secondary school level and the instructional materials were used to make student had more
understanding with complex contents. The result of students’ opinions analysis found that
the content was appropriately difficult for students at high level.

2.4.2.2 The finding results during the curriculum implementation indicated
that a classroom of 33 students in 11" grade was too big for teaching with the curriculum.

The participating teachers suggested that the curriculum was appropriate for



141

implementation with 20-24 students per classroom which is the normal classroom size for
this school. Therefore, a future study on how to use the curriculum with the bigger classroom
size, normal classroom size in a normal school (40-50 students per one classroom) is

advised.

Section 3: Recommendations

This section provides suggestions for future science education research that
focuses on the integration of frontiers science and socio-scientific issues into the future

science classroom.

3.1 Recommendations for Policy Making
3.1.1 The development of upper secondary science curriculum on genetics to
enhance socio-scientific decision making ability had positive effects to the students’
achievement, their socio-scientific decision making ability and their opinion toward the
curriculum. Therefore, the school administrators should give great importance to a
curriculum development which is emphasized on bringing science knowledge and issues
socio-scientific issues to the students’ world. The school administrators should encourage
teachers to develop their own curriculum to promote learning and thinking ability
continuously by using the 5Es model of inquiry based on socio-scientific issues combined
with the socio-scientific decision making framework
3.1.2 The director or school administrator should also support the teachers for
this development by organizing professional development programs to enhance knowledge
on curriculum development, new science knowledge, instructional techniques, and
assessment and evaluation. These supports will make teachers be able to develop their own
curriculum and to teach science more effectively.
3.1.3 The success results of this curriculum development should be supported
and distributed to other schools, for teachers who wish to include socio-scientific issues in

their courses.
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3.2 Recommendations for Apply the Results of This Study

3.2.1 Before beginning the curriculum to use in the classroom, teachers should
prepare themselves both to be familiar with the curriculum by studying the curriculum and
its instructional materials and in understanding with the curriculum content and related
socio-scientific issues. If the teachers who wish to use this curriculum do not have a
background in biotechnology, the professional development on biotechnology and its issues
might be needed for the teachers’ implementation the curriculum to be more effective.

3.2.2 An active learning environment effects both the students’ achievement
and the students’ socio-scientific decision making ability. The teachers can promote an
active learning environment by providing genetic controversies which is a useful way to
construct the curriculum. The teachers should encourage students to express their ideas
and points of view.

3.2.3 Teachers should study and analyze the target students on their prior
knowledge of genetics and their level of achievement in science. The class time will be
extended, if this curriculum is implemented with the target students who have low or not
enough prior knowledge of genetics with that level of achievement, extended learning time
will help the students to study and practice enough science content and socio-scientific

decision making ability.

3.3 Recommendations for further studies

There were several recommendations for future studies suggested by the
findings of this study as follows:

3.3.1 The study should be extended into a larger sample of subject which
consists of the different sample characteristics such as normal science students and non-
science student. This would allow results to be generalized to the population of the high
school.

3.3.2 The patterns of students’ socio-scientific decision making ability should be
studied for setting the standard level of this ability. It would be useful for a future study of

socio-scientific decision making ability shift.
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3.3.3 The curriculum approach, the 5Es model of inquiry based on socio-
scientific issues combined with the socio-scientific decision making framework, should be
employed and its effectiveness should be further examined in other science content areas
and their related socio-scientific issues such as the effects of dam construction in
environment, nanotechnology issues in chemistry.

3.3.4 Most of the practices on socio-scientific decision making ability in this
study were guided practices. The future study of how to reduce the guided practice for
effective teaching on socio-scientific decision making ability is highly recommended.

3.3.5 The study found the success of using socio-scientific issues to improve
socio-scientific decision making ability which was one type of higher-order thinking.
Therefore, the future study should study how to use socio-scientific issued for improvement
others type of higher-order thinking such as socio-scientific problem solving, socio-scientific
creative thinking, and socio-scientific critical thinking.

3.3.6 The future studies should investigate students who were taught by the
curriculum to study how they apply their knowledge and socio-scientific decision making
ability in new science contexts and new socio-scientific issues. In addition, the students
should be tested several times over a course of at least one year for studying the retention

time on students’ socio-scientific decision making ability.
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A.1 The list of experts who examined and verified the research materials

This is a list of three experts who examined and verified the research materials

including the draft student guidebook, draft lesson plans, overall of the draft curriculum,

consistency of the draft curriculum, and consistency of the achievement test . The details of

each expert was presented in TABLE 25.

TABLE 25 LIST OF EXPERTS FOR VERIFY AND EXAMINING THE DRAF CURRICULUM

Name

Status

Quallifications

1. Asst.Prof. Dr. Achariya Rangsiruiji

- Geneticist

- Associate dean for research
and public relations of
science faculty
at Srinakharintarawirot

University

Ph.D.
(Molecular Systematics

and Evolution)

2. Dr. Wanida Tanaprayotsak

- Curriculum developer,

- Head of biology department
at the Institute for the
Promotion of Teaching

Science and Technology

Ed. D.

(Science Education)

3. Dr. Sunanta Manutmongkol

- Biology teacher
at Prasarnmit Demonstration

school (high school)

Ed.D

(Science Education)
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A.2 The list of teachers who participated in this study

The list of two participating teachers who involved in this study were teachers at the
Mahidol Wittayasusorn School. The first teacher were a biology teacher who taugh the
curriculum in the pilot study and main study. The another teacher who examined and
verified the curriculum before curriuclum implementation was a head of biology department.

the details of the participating teachers were described as in TABLE 26.

TABLE 26: GENERAL INFORMATION REGARDING PARTICIPATING TEACHERS IN
THE SECOND SEMESTER, 2007 ACADEMIC YEAR

Teaching
Responsibilities
Name Education Experiences
(year)
Tanyaratana Dumkua M.S. 8 - Biology teacher
(Genetic Engineering)

Sataporn Wantanawijarn M.S. 8 -Biology teacher

(Biology) - Head of Biology

Department




Appendix B: The results of evaluation on quality of the research materials

by the experts

B.1 The results of evaluation on appropriateness of the draft student guidebook
B.2 The results of evaluation on appropriateness of the lesson plans

B.3 The results of evaluation on appropriateness of the overall curriculum

B.4 The results of IOC evaluation on the curriculum components

B.5 The results of evaluation on IOC, p value and D value of achievement test items
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B.1 The results of evaluation on appropriateness of the draft student guidebook

TABLE 27 THE RESULTS OF EVALUATION ON APPOPRIATENESS OF THE DARFT
STUDENT GUIDEBOOK BY EXPERTS

N=3 Level of
List of Evaluation

E, | Mean | S.D. | appropriateness

Learning Unit 1
1. The content and activities of learning unit 1: 4 4 4 4.00 0.00 High
basic knowledge of DNA was consistent to

the socio-scientific issues

2. The content and activities of learning unit 1: 4 4 4 4.00 0.00 High
basic knowledge of DNA was suitably

difficult for students

Learning Unit 2
3. The content and activities of learning unit 2: 4 4 4 4.00 0.00 High
genetic engineering was consistent to the

socio-scientific issues

4. The content and activities learning unit 2: 4 4 4 4.00 0.00 High
genetic engineering was suitably difficult

for students

Learning Unit 3 High
5. The content and activities of learning unit 3: 4 4 4 4.00 0.00
DNA fingerprinting was consistent to the

socio-scientific issues

6. The content and activities of learning unit 3: 4 4 4 4.00 0.00 High
DNA fingerprinting was suitably difficult for

students




TABLE 27 (Continued)

160

N=3 Level of
List of Evaluation
s | Mean S.D. appropriateness
Learning Unit 4
7. The content and activities of learning unit 4: 4.00 0.00 High
human genome project was consistent to
the socio-scientific issues
8. The content and activities of learning unit 4: 4.00 0.00 High
human genome project was suitably
difficult for students
9. The contents and activities were appropriate 4.33 0.58 High
for the goal of the curriculum
10. The contents and their socio-scientific 4.33 058 High
issues were abreast of times
11. The student book was appropriate for using 4.33 0.58 High
the 5E model with emphasis on socio-
scientific issues approach
12. The student book had additional knowledge 4.33 0.58 High
from various sources
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B.2 The results of evaluation on appropriateness of the lesson plans

TABLE 28 THE RESULTS OF EVALUATION ON THE APPROPRIATENESS OF THE DRAFT

LESSON PLANS

List of Evaluation

3 Mean

S.D.

Level of

appropriateness

1. The goals of curriculum was appropriate for
the neccessary of curriculum development

and the needs of society

4.67

0.58

Highest

2. The instructional method was appropriate for

the goals of curriculum

4.33

0.58

High

3. The goal of curriculum was appropriate for
preparation on the teaching-learning

process

4.00

0.00

High

4. The 5Es model based on socio-scientific
issues approach combined with a practical
framework of socio-scientific  decision
making could promote students’
understanding of science and developing

socio-scientific decision making ability

4.00

0.00

High

5. The idea-flowing chart in each learning uint
was clear and appropriate for planning the

instructional process

4.00

0.00

High

Lesson plan 1

6. The teaching-learning processes were

appropriate for the goal of curriculum

4.00

0.00

High

7. The instructional materials were appropriate

for the teaching-learning process

4.33

0.58

High
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List of Evaluation e Level of
E, | Mean SD. appropriateness
8. The assessment and evaluation were 4 4.00 0.00 High
appropriate for the teaching-learning
process
9. Time allocation in the lesson plan 1 was 4 3.67 0.00 High
appropriate for learning of students
Lesson plan 2
10. The teaching-learning processes were 4 4.00 0.00 High
appropriate for the goal of curriculum
11. The instructional materials were appropriate 4 4.33 0.57 High
for the teaching-learning process
12. The assessment and evaluation were 4 4.00 0.00 High
appropriate for the teaching-learning
process
13. Time allocation in the lesson plan 2 was 4 4.00 0.00 High
appropriate for learning of students
Lesson plan 3
14. The teaching-learning processes were 4 4.00 0.00 High
appropriate for the goal of curriculum
15. The instructional materials were appropriate 4 4.33 0.57 High
for the teaching-learning process
16. The assessment and evaluation were 4 4.00 0.00 High
appropriate for the teaching-learning
process
17. Time allocation in the lesson plan 3 was 4 4.00 0.00 High
appropriate for learning of students
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Level of
List of Evaluation
E, | Mean SD. appropriateness

Lesson plan 4

18. The teaching-learning processes were 4 4.00 0.00 High
appropriate for the goal of curriculum

19. The instructional materials were appropriate 4 4.33 0.57 High
for the teaching-learning process

20. The assessment and evaluation were
appropriate for the teaching-learning 4 4.00 0.00 High
process

21. Time allocation in the lesson plan 4 was 4 4.00 0.00 High
appropriate for learning of students

Lesson plan 5

22. The teaching-learning processes were 4 4.00 0.00 High

appropriate for the goal of curriculum
23. The instructional materials were appropriate 4 4.33 0.58 High
for the teaching-learning process

24. The assessment and evaluation were 4 4.00 0.00 High
appropriate for the teaching-learning
process

25. Time allocation in the lesson plan 5 was 4 4.00 0.00 High
appropriate for learning of students

Lesson plan 6

26. The teaching-learning processes were 4 4.00 0.00 High
appropriate for the goal of curriculum

27. The instructional materials were appropriate 4 4.33 0.58 High
for the teaching-learning process



TABLE 28 (Continued)
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Level of
List of Evaluation
E, | Mean SD. appropriateness
28. The assessment and evaluation were 4 4.00 0.00 High
appropriate for the teaching-learning
process
29. Time allocation in the lesson plan 6 was 4 4.00 0.00 High
appropriate for learning of students
Lesson plan 7
30. The teaching-learning processes were 4 4.00 0.00 High
appropriate for the goal of curriculum
31. The instructional materials were appropriate 4 4.33 0.58 High
for the teaching-learning process
32. The assessment and evaluation were 4 4.00 0.00 High
appropriate for the teaching-learning
process
33. Time allocation in the lesson plan 7 was 4 4.00 0.00 High
appropriate for learning of students
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B.3 The results of evaluation on appropriateness of the overall curriculum

TABLE 29 THE RESULTS OF OVERALL CURRICULUM APPROPRIATENESS

N=3 Level of
List of Evaluation
E, | Mean S.D. appropriateness
1. The student guidebook was appropriate for 4 4.00 0.00 High
the goal of curriculum
2. The student guidebook was appropriate for 4 4.00 0.00 High
the lesson plan
3. The instructional plan promoted students’ 4 4.00 0.00 High
learning according to the goal of curriculum
4. The instructional method in this curriculum 4 4.33 0.58 High
supported student centered activities
5. The instruction of the curriculum promoted 4 4.33 0.58 High
students to use their ability to make decision
on socio-scientific issues
6. Time allocation in the curriculum was 4 4.00 0.00 High
appropriate for students
7. The curriculum was appropriate for 4 3.67 0.58 High
students’ age
8.The curriculum was appropriate for students’ 4 3.67 0.58 High
prior knowledge and their prior experience
9. The curriculum was appropriate 4 4.00 0.00 High
for implementation




B.4 The results of IOC evaluation on the curriculum components

TABLE 30 THE CURRICULUM CONSISTENCY EVALUATION
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The item consideration N=3 Interpretation
5 I0C S.D.

1. The curriculum goal with the need of 1.00 0.00 Consistent
society

2. The curriculum goal with the 5E model 1.00 0.00 Consistent
emphasis on socio-scientific issues
approach

3. The curriculum goal with curriculum 1.00 0.00 Consistent
description and learning outcomes

4. The curriculum goal with the instructional 1.00 0.00 Consistent
plan

5. The curriculum goal with the content of 1.00 0.00 Consistent
curriculum

6. The curriculum goal with the assessment 1.00 0.00 Consistent
and evaluation

7. The content of curriculum with the 1.00 0.00 Consistent
teaching-learning process

8. The teaching-learning process with 1.00 0.00 Consistent

instructional materials

9. The student guidebook with the 1.00 0.00 Consistent
instructional plan

10. The curriculum with students’ prior 0.67 0.58 Consistent

knowledge




TABLE 31 THE RESULTS’ EVALUATION OF THE ACHIEVEMENT TEST
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B.5 The results of evaluation on IOC, p value and D value of achievement test items

No. I0C p D Note No. I0C p D Note

1 1.00 | 1.00 0.00 16 | 1.00 | 0.80 0.30 | Canbe used-9
2 | 100 | 075 0.10 17 | 1.00 | 0.88 0.25

3 | 067 | 020 0.30 Canbeused-1 | 48 | 067 | 0.85 0.30

4 | 1.00 | 1.00 0.00 19 | 067 | 0.68 0.05

5 | 067 | 065 0.20 Canbeused-2 | 20 | 1.00 | 0.90 0.20

6 | 1.00 | 1.00 0.00 21 | 1.00 | 0.50 0.20 | Canbe used-10
7 | 100 | 078 0.25 Canbeused-3 | 22 | 034 | 0.83 0.15

8 | 067 | 0.33 0.25 Canbeused-4 | 23 | 067 | 0.80 0.40 | Can be used-11
9 | 034 | 063 0.05 24 | 067 | 0.20 0.30 | Can be used-12
10 | 067 | 068 0.35 Canbeused-5 | 25 | 1.00 | 0.77 0.25 | Can be used-13
11 | 1.00 | 0.80 0.40 Canbeused6 | 26 | 1.00 | 0.98 0.05

12 | 1.00 | 0.775 0.25 Canbeused-7 | 27 | 1.00 | 0.80 0.20 | Canbe used-14
13 | 1.00 | 0675 0.15 28 | 1.00 | 0375 | 0.15 | Toberevised-15
14 | 1.00 | 0.35 0.20 Canbeused-8 | 29 | 100 | 065 0.20 | Can be used-16
15 | 1.00 | 0.60 0.20 30 | 067 | 0.60 0.40 | Can be used-17




TABLE 31 (Continued)
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No. I0C p D Note No. I0C p D Note

31 | 100 | 0.35 0.20 Canbeused-18 | 46 | 1.00 | 0.75 | 0.20 | Can be used-27
32 | 100 | 0.80 0.20 Canbeused-19 | 47 | 1.00 | 068 | 0.65 | Can be used-28
33 | 100 | 0.85 0.00 48 | 1.00 | 045 | 0.00

34 1 100 | 080 0.20 Canbeused20 | 49 | 1.00 | 033 | 0.05

35 1 100 | 060 0.30 Canbeused21 | °0 | 067 | 033 | -0.25

36 | 067 | 0.88 0.15 51 1 1.00 | 065 | 0.20 | Can be used-29
37 | 1.00 | 0.88 0.15 52 | 100 | 035 | 0.30 | Canbe used-30
38 | 1.00 | 0.02 -0.05 53 | 0.67 | 055 | 0.20 | Can be used-31
39 | 100 | 0.38 0.35 Canbeused-22 | 94 | 1.00 | 0.75 | 0.20 | Can be used-32
40 | 1.00 | 0.80 0.40 Canbeused-23 | 95 | 1.00 0.75 | 0.20 | Can be used-33
41 1.00 0.80 0.20 Can be used-24 56 1.00 0.80 0.30 Can be used-34
42 | 1.00 | 0.78 0.25 Canbeused25 | °/ | 1.00 | 0.75 | 0.20

43 | 100 | 068 0.45 Canbeused26 | 98 | 1.00 | 080 | 0.20

44 1 100 | 023 0.15 59 | 100 | 065 | 020 | Canbeused-35
45 | 067 | 023 -0.05 60 | 1.00 | 0.80 | 0.00




Appendix C: The gathered data from the study

C.1 The gathered data of achievement test

C.2 The gathered data of the socio-scientific decision making test

C.3 The gathered data of the questionnaire of students’ opinion towards the
curriculum

C.2 The gathered data of the questionnaire of teachers’ opinion towards the

curriculum



C.1 The gathered data on student’s achievement test
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TABLE 32 THE STUDENTS’ ACHIVEMENT SCORE BEFORE AND AFTER USIGN THE

CURRICULUM IN PILOT STUDY GROUP

Before using After using Before using After using
Students Students
the curriculum the curriculum the curriculum the curriculum
1 23 31 21 14 21
2 14 31 22 13 20*
3 21 30 23 18 20*
4 21 29 24 1" 20*
5 20 29 25 18 19*
6 20 28 26 14 19*
7 15 28 27 16 19*
8 16 28 28 15 19*
9 15 27 29 9 18*
10 17 26 30 16 18*
11 13 26 31 12 18*
12 23 26 32 8 17"
13 17 26 33 15 16*
14 17 26 34 0 16*
15 17 25 35 1" 16*
16 19 25 36 13 16*
17 15 25 37 13 14*
18 20 24 38 13 14*
19 1" 23 39 4 12*
20 14 22 40 5 11*

* The post-test score were equal and lower than the cut-off score of the achievement test

(20).
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TABLE 33 THE STUDENTS’ ACHIVEMENT SCORE BEFORE AND AFTER USIGN THE

CURRICULUM IN MAIN STUDY GROUP

Before using After using Before using After using
Students Students
the curriculum the curriculum the curriculum the curriculum
1 27 33 21 12 24
2 17 31 22 15 24
3 17 30 23 14 23
4 22 28 24 14 23
5 1" 28 25 17 23
6 17 27 26 19 23
7 19 27 27 15 22
8** 19 27 28 14 21
9 18 26 29 13 21
10 18 26 30 14 21
11 20 26 31 15 21
12 13 25 32 16 21
13** 17 25 33 16 21
14 15 25 34 15 21
15 18 25 35** 14 20
16 11 24 36 13 20
17 13 24 37 14 19
18 20 24 38** 9 18
19** 19 24 - - -
20 27 33 - - -

* * The post-test score were equal and lower than the cut-off score of the achievement test

(20).

** The 12" grade students
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C2: The gathered data on socio-scientific decision making ability test

TABLE 34 THE STUDENTS’ SOCIO-SCIENTIFIC DECISION MAKING ABILITY SCORE

BEFORE AND AFTER USIGN THE CURRICULUM IN PILOT STUDY GROUP

Before using After using Before using After using
Students Students
the curriculum the curriculum the curriculum the curriculum
1 9 26 21 16 18*
2 4 16* 22 11 30
3 16 24 23 14 24
4 9 19 24 3 15*
5 4 29 25 9 21
6 7 24 26 1 16*
7 7 26 27 1 22
8 5 20 28 10 14*
9 11 24 29 13 21
10 7 19 30 5 21
11 6 24 31 6 20
12 13 20 32 12 19
13 8 24 33 7 21
14 1 20 34 7 22
15 9 21 35 14 21
16 12 22 36 9 23
17 7 19 37 6 23
18 5 26 38 8 25
19 9 18* 39 6 28
20 10 27 40 13 21

* The post-test score were equal and lower than the cut-off score of the socio-scientific

decision making test (18)
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TABLE 35 THE STUDENTS’ SOCIO-SCIENTIFIC DECISION MAKING ABILITY SCORE

BEFORE AND AFTER USIGN THE CURRICULUM IN MAIN STUDY GROUP

Before using After using Before using After using
Students Students
the curriculum the curriculum the curriculum the curriculum

1 15 25 21 11 25
2 12 31 22 9 27
3 9 25 23 11 25
4 12 28 24 12 28
5 20 28 25 16 30
6 12 26 26 8 17*
7 9 25 27 8 23
8g** 14 17* 28 6 24
9 11 26 29 12 21

10 14 23 30 13 28
11 16 28 31 9 22
12 9 26 32 15 26
13** 17 25 33 8 22
14 9 18* 34 10 13*
15 10 20 35** 12 16*
16 11 25 36 8 28
17 14 24 37 11 23
18 10 22 38** 6 18*
19** 13 16* - - -

20 16 22 - - -

* The score were equal and lower than the cut-off score of the

** The 12" grade students

achievement test



174

C.3 The gathered data of the questionnaire of students’ opinion towards the curriculum

C.3.1 The summarize of gathered data from the pilot study

1.General information of students
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2.Qualitative data

2.1lmpression on the curriculum
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2.2 Suggestion for the curriculum
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C.3.2 The summarize of gathered data from the main study

1.

General information of students
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2. Qualitative data

2.1 Impression on the curriculum
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2.2Suggestion for the curriculum
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C.4 The gathered data from the questionnaire of teachers’ opinion towards the curriculum

1. The summaries of teachers’ opinions toward the curriculum

TABLE 36 THE SUMMARIES OF TEACHERS’ OPINIONS TOWARD THE CURRICULUM

Result (N=2) Interpretation
List of evaluation
T, T, mean S.D

Contents Domain
1. The contents were consistent to the learning 5.00 5.00 5.00 0.00 | Highest level
outcomes.
2. The content in each topic was in order and 4.00 5.00 4.50 0.71 High level
related.
3. The contents were appropriately difficult for 3.00 4.00 3.50 0.71 Medium level
students.
4. The contents were related to socio-scientific 5.00 5.00 5.00 0.00 Highest level
issues
5. The contents were appropriate for students to 4.00 5.00 4.50 0.00 High level
connect and apply what they had learned to
their daily life.

Mean of contents domain 4.20 4.80 4.50 0.28 High level
Instructional domain
6. Using the 5Es model approach was 5.00 5.00 5.00 0.00 Highest level
appropriate with the socio-scientific issues.
7. The instructional process promoted students 5.00 5.00 5.00 0.00 Highest level
to learn both scientific knowledge and its related
issues at the same time
8. The teaching-learning process had variety 5.00 5.00 5.00 0.00 Highest level
and was interesting.




TABLE 36 (Continued)
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Result (N=2) Interpretation
List of evaluation
T, T, mean S.D
9. The instructional approach of the curriculum 5.00 5.00 5.00 0.00 Highest level
enhanced students to express their point of view
and develop their thinking of decision making on
socio-scientific issues.
10. Using the curriculum, teacher’s observation 4.00 4.00 4.00 0.00 High level
and facilitation were appropriate for helping
students.
11. Time allocation in the curriculum was 5.00 5.00 5.00 0.00 Highest level
appropriate for the curriculum implementation.
Mean of instructional domain 4.83 4.83 4.83 0.00 Highest level
Instructional materials domain
12. The instructional materials and additional 5.00 5.00 5.00 0.00 Highest level
knowledge sources were consistent to the
contents of curriculum.
13. Using the instructional materials and 5.00 5.00 5.00 0.00 Highest level
additional knowledge sources were appropriate
for development of students’ learning.
14. The instructional materials were appropriate 5.00 5.00 5.00 0.00 Highest level
for students to do the learning activities.
15. The instructional materials and additional 5.00 4.00 4.50 0.71 High level
knowledge sources had variety and were
interesting.
Mean of instructional materials domain 5.00 4.75 4.88 0.18 Highest level
Assessment and evaluation domain
16. The assessment and evaluation were 4.00 5.00 4.50 0.71 High level
consistent to the learning outcomes
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Result (N=2) Interpretation
List of evaluation
T, T, mean S.D
17. The assessment and evaluation were 4.00 5.00 4.50 0.71 High level
consistent to teaching-learning process of using
curriculum.
18. The assessment and evaluation were 3.00 5.00 4.00 1.41 High level
appropriate with contents of curriculum.
19. The assessment and evaluation were used to 5.00 5.00 5.00 0.00 Highest level
assess students both understanding of genetics
and socio-scientific decision making.
20. The students were assessed by authentic 3.00 5.00 4.00 1.41 High level
assessment and evaluation to improve their
knowledge and socio-scientific decision making.
Mean of assessment and evaluation domain 3.80 5.00 4.40 0.85 High level
The overall curriculum domain
21. The curriculum was appropriately developed 4.00 5.00 4.50 0.71 High level
for the social needs.
22. The curriculum was appropriate for high 3.00 5.00 4.00 1.41 High level
school students.
23. The curriculum appropriately integrated 5.00 5.00 5.00 0.00 Highest level
with thinking instruction on socio-scientific
decision making.
24. The instructional materials and additional 4.00 5.00 4.50 0.71 High level
knowledge sources had variety and interesting.
Mean of overall curriculum domain 4.00 5.00 4.50 0.71 High level
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2. The qualitative data of the teachers’ opinion toward the curriculum

2.1 The biology teacher
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2.2 The head of biology department
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Appendix D: The cut-off scores of this study

D.1 The cut-off score of the achievement test

D.2 The cut-off score of the socio-scientific decision making ability test
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TABLE 37 THE PROBABILITY OF CORRECT DECISION, THE PROBABILITY OF

INCORRECT DECISION, AND THE VALIDITY OF COEFFICIENT FOR THE

ACHIEVEMENT TEST

Achievement

Scores

P (FM)+P(FN)

P(TM) +P(TN)

Validity

of Coefficient

note

12* 0.461538 0.538462 0.122249
13 0.461538 0.538462 0.103661
14 0.410256 0.589744 0.240001
15 0.358974 0.641026 0.318439
16* 0.294872 0.705128 0.438467
17 0.320513 0.679487 0.364709
18* 0.256411 0.74359 0.486809
19* 0.256410 0.743589 0.490767
20 0.256410 0.743589 0.515504 The cut-off score
21* 0.717949 0.282052 -0.48306
22* 0.282051 0.717948 0.496915
23 0.282052 0.717949 0.51361
24 0.294872 0.705128 0.493357
25 0.307693 0.692308 0.472976
26 0.346154 0.653846 0.410513
27* 0.410257 0.589744 0.297051

* cutting point in the graph
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D.2 The cut-off score of the socio-scientific decision making ability test

TABLE 38 THE PROBABILITY OF CORRECT DECISION, THE PROBABILITY OF

INCORRECT DECISION, AND THE VALIDITY OF COEFFICIENT FOR THE

SOCIO- SCIENTIFIC DECISION MAKING ABILITY TEST

Achievement

Scores

P (FM)+P(FN)

P(TM) +P(TN)

Validity

of Coefficient

note

15 0.102565 0.897436 0.803579
16 0.102565 0.910256 0.822489
17 0.089744 0.923076 0.847368
18 0.064103 0.935897 0.874548 The cut-off score
19 0.089744 0.910256 0.827777

* cutting point in the graph



Appendix E: The Assessment tools

E.1 The achievement test on genetics
E.2 The Socio-scientific decision making ability test
E.3 The questionnaire of students’ opinions toward the curriculum

E.4 The questionnaire of teacher’ opinions toward the curriculum
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E.1 The achievement test on genetics
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E.3 The questionnaire of students’ opinions toward the curriculum
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E.4 The questionnaire of teacher opinions toward the curriculum
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1. TINFUUANNIINTLNLNANN1TUENATTR4 gel electrophoresis 16
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dulangrunn 9 Thas 5 Aaw (TRARDUALMALIN)

2
3
4
5. wdwinuuds
6. 0.1 % luAfuaiumtinmes (azaralmmanluanfuewm 0.2 nFu lusin 200 mi)
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Appendix G: The Sample of the lesson plans
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Socio-Scientific Issues on Genetics

v

5E Model base on Socio-scientific Issues

1. Engagement with Socio-Scientific Issues by identifying problems in socio-scientific issues

v

2. Exploration through Genetic technology by sorting the relevant facts and finding more

information of socio-scientific issues

v

3. Explanation about Genetic technology and Socio-Scientific Issues by identifying

stakeholders of socio-scientific issues

4. Elaboration Knowledge to New Socio-Scientific Issues by listing possible solutions for

socio-scientific issues

!

5. Evaluation of Genetics Understanding genetics by applying their knowledge to make

decision on socio-scientific issues
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Appendix H: The pictures of learning activities

H. 1 The pictures of learning activities from learning unit 1
H. 2 The pictures of learning activities from learning unit 2
H. 3 The pictures of learning activities from learning unit 3

H. 4 The pictures of learning activities from learning unit 4

H. 1 The pictures of learning activities from learning unit 1

H.1.1 The DNA extraction activities
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H. 2 The pictures of learning activities from learning unit 2

H.2.1 The model of recombinant bacteria activity
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H. 3 The pictures of learning activities from learning unit 3

H.3.1 The Simple gel electrophoresis activity



300

H.3.2 The CSI junior activity

H. 4 The pictures of learning activities from learning unit 4

H.4.1 The Chain termination activity
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H.4.2 The SNPs activity
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