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CHAPTER 1
INTRODUCTION

Need for the study

In the modern era of globalization, where the political, economic, educational and
environmental concems of one nation assume international importance, the development of
technology for the advancement of society through education becomes an imperative. In
order to ensure the relevancy between changes in technology and the development of a
country, the component of human quality comes to the fore (UNESCO. 1990: 3-4), as in
Community Economy Development and Learning Community Economy Development {1997
12). However, preeminent tool of development is Education. As foundation of the greatest
importance, education guides human development toward the redemption of economic and
social inequities, as well as establishing sustainable national security. Furthermore, the
“study of science has been identified as a fundamental subject in the service of humanity,
for creating potentiality in thinking, and developing creative thought (Korpkeaw Aikup.
1996: 7). The National Research Council of the Unitéd States (1999: 11) emphasizes that
‘everyone needs to use scientific information to make choices that arise everyday.
Everyone needs to be able to engage intelligently in public discourse and debates about
important issues in science and technology. And everyone deserves to share in the
excitement and personal fulfillment that can come from understanding and learning about
the natural world" (National Research Council. 1996: 6).

Thailand is a developing country. The education of its citizens is one essentiai
element of the national strategy to further economic, social and scientific development.
Thus, science and technology education are an integral part of the national education
policy. Thongchai Chewpreecha (2000: 80) stated that Thailand is in need of revision of
science teaching-learning strategy. Greater effort needs to be directed towards developing
a science curriculum to improve the overall quality of life, in accordance with the national
science curriculum. In 1990, the Department of Curriculum and Instruction Development of
the Thai Ministry of Education (MOE} implemented a new curriculum based on an analysis

of limitations and weaknesses that had been identified in the 1978 national curriculum.



Ongoing monitoring, assessment, and research continued over the next ten years, and the
MOE 2002 report based its findings on exhaustive program evaluations. The major
limitations identified in the report are:

1) The formulation of a curriculum by central authorities neither refiects nor responds to the
needs of schools and provincial society.

2) An analysis shows that curriculum development and learning outcome of mathematics,
science, and technology fail to develop leaders in these fields. Therefore, teaching and
learning procedures need to be improved in order to develop problem-solving skills,
creativity, and attitudes appropriate to learning in mathematics, sciences, and technology.

3) The application of the curriculum fails to foster the foundations of eritical thinking, to create
tearning procedures in the management of life skills, and to enable learners to effectively

tackle rapid changes in social and economic areas.

Due to these limitations and weaknesses of the Thai educational system, the Thai
Ministry of Education made further revisions and implemented a new curriculum, referred to
as “The Basic Education Curriculum 2001”. These new curriculums were thought to better
meet and reflect the needs of educational institutions and provincial society, especially in
the areas of foreign languages (specifically, English) mathematics, science, and
technology. The new curriculum was also thought to better respond to the need to improve
teaching and learning strategies, to promote skilis and creativity, and to foster attitudes for
life-long learning among Thai people (MOE. 2002: 1). The goals of the new Basic
Education Curriculum, which is the national core curriculum, are to help students grow
morally and intellectually, and apply knowledge in order to enhance the quality of life.
These goals focus on enhancing the potential of learners, enabling them to lead happy lives
according to national and international citizenship standards, developing learners’
professional and/or vocational abilities, and increasing decision-making skills related to
advanced education in line with learner competencies, interests, and experience (MOE.
2002: Preface). Moreover, the Thai Ministry of Education has designed flexibility into the
curriculum: the development of local educational institutes' curriculum should be
appropriate to local contexts, embodying local wisdom and relevant to local problems.

According to the guidelines and recommendations of the science curriculum of the

Basic Education Curriculum 2001, a student-centered approach, which assists both



learners and teachers to construct their own knowledge and emphasizes a variety of quality
science teaching-learning strategies (Nuntiya Boonkurb. 2000: 3), should be promoted.
Furthermore, learners should develop an awareness of solving community problems, of
local wisdom, and of desirable characteristics specifically related to science.

Following MOE guidelfines and recommendations, the duty of educational institutes
is the development of a local curriculum based on national standards, local wisdom (oy
surveying local wisdom in their own communities}), and the selection of topics for
developing their own curricula (MOE). These local wisdoms should be adapted to be
agreeable with real-life situations (Nuntasan Seesalub. 1999; 5). Aekavit Natalang stated
that real-life situation means local problem and community, faith for daily life, art, learning
strategies, and educational transfer, occupation, politics, government, health care
(Chulalongkorn University. 1998: 5) agriculture, environment, community management, and
health maintenance (The National Culture Commission. 1999: 5).

The Institute for the Promotion of Teaching Science and Technology (IPST) sets the
following goals to improve and promote science education, and to encourage educational
institutions to develop local curriculum, by emphasizing a variety of quality science
teaching-learning strategies, especially the inquiry cycle approach. Educators in Thailand
and abroad view the inquiry cycle approach as the most important teaching-learning
strategy to develop problem-solving ability, by training students to be competent in
acquiring knowledge through investigation, where critical thinking and imagination meet the
process skills of science (MOE: 1996; Pisarn Soydhurum. 2001: 34; Curriculum Corporation.
1996; Aikenhead; & Ryan. 1992; & Driel; et al. 2001).

These studies on inquiry cycle approach reveal that inquiries are important skills
for the success of students’ daily living, as learning by memorizing or a complete reliance
on learning from books does not help students to recognize or solve real-life problems.

As it is important to develop high-school chemistry curriculum by using an the
inquiry cycle approach incorporating real-life situations, and focusing on problem-solving
processes that put an emphasis on higher-order thinking and the application of science
process skills for developing quality of life in the future, it is equally important to develop an
awareness in students of the societal and environmental problems in their local area. In

Chachoengsao province of Thailand, a pilot study was done where local and informed



residents were interviewed about local wisdom and environmental problems in their
everyday life. It was found that soil salinity is one of their main problems, and that the
academic study of chemistry and soil science, especially chemical solutions, should be
developed to help solving this problem. Therefore, soil salinity will be the main focus of the

unit on chemical solutions in the inquiry cycle-approach of classroom activities.

Research objectives
The research objectives of this study are:

1. To develop a high-school chemistry curriculum incorporating real-life
situations using the inquiry cycle approach,

2. To evaluate the learning outcome of the students who participate in the
curriculum and the inquiry cycle approach in the high-school chemistry classes that
incorporate real-life situations,

3. Toinvestigate teachers’ and students' opinions on the implementation of a
high-school chemistry curriculum incorporating real-life situations using the inquiry cycle

approach.

Significance of the study

This study will show the benefits of the development of high-school chemistry
curriculum incorporating real-life situations by using the inquiry cycle approach. it also
represents a method for the assessment of the effects of using the high-school chemistry

curriculum that has followed the Basic Education Curriculum 2001.

Delimitations of the study
In this study, the following delimitations have been recognized:
Resources _
1. Teachers involved in this curriculum are from Benchama Rat Ransarit
school I, Datdaruni school, and Puttirangsripiboon schoal in Chachoengsao province.
2. There are 112 students involved, enrolled in additional science course, at

Mathayomsuksa 4 high school levet from Benchama Rat Ransarit school Il, Datdaruni



school, and Puttirangsripiboon school in Chachoengsao province during the academic year
2003.
Time
High - school chemistry curriculum is taken for thirty-six hours, between
November and January 2003 in the second semester of the academic year.
Content for the development of curriculum
Chemical solutions incorporating soil salinity, as real-life situations in

Chachoengsao province, wili be the focus in this development of curriculum.

Definitions of terms

1. Students’ science learning outcome related to this research is composed of 3
components as follows:

1.1 Learning achievement component - This involves defining as the score that
an individual student receives on the leaming outcome test.

1.2 Science process skill component - This involves broadly transferable
abilities, appropriate to many science disciplines, reflective of the behavior of scientists and
investigative understanding of controlling variables, defining operationally, formulating
hypotheses, and experimenting.

1.3  Scientific mind component - This involves human characteristic or habit
that comes from educational processes using scientific process skill.

2. Inquiry cycle approach means a method of structuring a science lesson that is
based upon inquiry learning theory, research-based best practices in science pedagogy,
and cognitive psychology. It is a recursive cycle of distinctive cognitive stages of learning
that include:

2.1 Engagement - The introduction to the lesson that motivates or hooks the
students’ interest in the learning to follow. It can be a demonstration, a discussion, a
reading, or other activity used to tap into prior knowledge about the lesson that engages the
students’ curicsity.

2.2 Exploration - Activity that allows students to have experience with the
concepts and ideas of the lesson. Students observe, question, and investigate the

concepts to develop a fundamental awareness of the nature of the materials and ideas.



2.3 Explanation — Activity that encourages students to explain concepts and
definitions in their own words. Students are asked to justify and clarify their ideas. Formal
definitions, and explanations are provided.

2.4 Elaboration ~ Activity that allows students to apply their new definitions,
explanations, and skills in new, but similar situations. It often involves experimental inquiry,
investigative projects, problem-solving, and decision-making.

2.5 Evaluation — Activity that assesses both learning and teaching by using a
wide variety of informal and formal assessment strategies. Teachers frequently observe
students as they apply new concepts and skills to assess students’ knowledge and/or skills,
looking for evidence that the students have changed their thinking or behaviors.

3. ‘Real-life situations’ means students experiences that concern problems of soil
salinity in Chachoengsao_ province as the topic of study and activity management, or
examples for the development of high-school chemistry curriculum incorporating real-life
situations by using inquiry cycle approach.

4. ‘High school chemistry curriculum’ means chemistry curriculum at the high
school level incorporating real-life situations by using inquiry cycle approach.

2. 'Science learning units’ means learning units consisting of content, scientific
concept, and processes presented in both the basic learning unit and additional learning
units that students must study.

6. 'Additional science learning’ units means learning units for students that
educational institutions must create to form a new learning unit, or a variety of intensive
courses for students to choose to satisfy their inclination, interest, needs and individual
differences.

7. *Opinions on curriculum' means teachers’ and students' opinions about the
implementation of the high school chemistry curriculum incorporating real-life situations by

using the inquiry cycle approach.

Research Hypotheses
1. Students’ learning achievement score after the study of learning units
incorporating real-life situations by using the inquiry cycle approach is higher than before

the study.



2. Students’ maniputative skill score after the study of learning units incorporating
real-life situations by using the inquiry cycle approach is higher than before the study.

3. Students’ opinions about the inquiry cycle approach for high school chemistry
curriculum incorporating real-life situations have a score above a certain level.

4. Teachers' opinions about the inquiry cycle approach for high-school chemistry
curriculum incorporatihg real-life situations have a score above certain level.

5. Students’ scientific mind component after the study of learning units
incorporating real-life situations by using the inquiry cycle approach has a score above

certain level.



CHAPTER 2
REVIEW LITERATURE

tntroduction
In this study for developing high school chemistry curriculum incorporating real-life
learning experiences by using the inquiry cycle approach; concepts, theories, and related
research work that have bearing on this research were reviewed. There are 9 important
issues as follows:
1. Curriculum development
. Learning theory
. Inquiry
. Science process skill
. Scientific mind
. Curriculum evaluation
. Classroom assessment

. The Basic Education Curriculum 2001

O o~ O ;M AW N

. Soil salinity



1. Curriculum development

To develop an effective high school chemistry curriculum incorporating real-life
situations, it is important to first explore some of the fundamental issues in curriculum
development: the nature of curriculum, definitions of curriculum, types of curriculum,
curriculum perspectives and theories, frameworks for curriculum planning, major modes of

curriculum design, and criteria for selecting curriculum content.

1.1 Nature of curriculum

The term “curriculum” has been used in a variety of ways in education. Almost
every curricklum specialist admits that defining “curriculum”™ is not a simple matter.
Goodlad, Klein, and Tye (1979: 42} and McNeil (1996 6-7) introduce five different domains
of curriculum to illustrate the complexity of the study and the problem of obtaining any one
single, suitable definition of curriculum, These five domains are: ideal curriculum, formal
curricllum, perceived curriculum, operational curriculum, and experiential curriculum.
According to McNell, these curricula operate at the levels of curriculum rhetoric, official
prociamations, and curriculum practice. It is the formal curriculum operating at the level of

official proclamation that the current study examines.

1.2 Definitions of curriculum

One of the first chaltenge's a researcher in the field of curriculum confronts is
the fact that the vary concept of curriculum has been defined in many different ways. The
literature seems to place great importance on the exact wording used to define the
-curriculum. Initially, one might think that such specificity is unnecessary, given the myriad
concerns curriculum planners must address. For example, is it really so crucial to
distinguish whether programs are “experienced” or “intended"? In fact, there is good
reason for such detailed definitions; it is the definition of the task that serves to define the
scope of curricular responsibilities. Additionally, programs are defined by the work to be
done.

Traditionally, curriculum was perceived as information passed from one

generation to another in the form of organized knowledge. Under such a definition,
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curriculum is comprised of essential subjects or the mastery of a collection of books. Later,
during the massive social changes of the early twentieth century, the definition of curriculum
broadened concurrently alongside the expansion of public education to the general
population, no longer being the exclusive domain of the elite. Frustration in delivering such
a curriculum caused planners to define it as an intention, rather than a subject. The four
common definitions of curriculum by well-known curriculum leaders from each group are
presented below.
1.2.1 Curriculum as subject matter

The curriculum should consist of permanent studies: the rules of
grammar; reading, rhetoric, and logic; mathematics; and, at the secondary level, the
greatest books of the Western world (Hutchins. 1968: 64).

The curricuium must consist essentially of disciplined study in five areas:
command of the mother tongue; systematic study of grammar, literature, and writing; the
science of history; and foreign languages (Bestor. 1955: 5).

The Curriculum should consist entirely of knowledge that comes from the
disciplines (Phenix. 1964: 74).

The curriculum is a written document (Beauchamp, 1968: 16).

1.2.2 Curriculum as a plan

The curriculum is a planned program of learning opportunities to achieve
broad educational goals and related objectives (Alexander. 1981: 6).

The curriculum is all of the learning of students that is planned and
directed by the school to attain its educational goals (Tyler.1969: 14-15).

The curriculum is a set of planned and guided learning experiences for
the learners' continuous and willful growth (Tanner. D&L 1970: 53).

The curriculum is a plan for learning (Taba. 1962: 19).

The curriculum is a plan for what is to be taught, and is composed of
what, to whom, when, and how it is to be taught (McNeil. 1996: 49).

1.2.3 Curriculum as an experience



i1

The curriculum is a collection of those experiences set up by the school
for the purpose of disciplining students and youth toward group ways of thinking and acting
{B.O. Smith; et al. 1850: 5).

The curriculum is generally considered to be all of the experiences that
learners have under the auspices of the school (Doll. R. 1978: 9).

The curriculum is the life and program of the school. (Rugg. 1969: 53)

The curriculum is a goal or set of values that is activated through a
development process and culminates in classroom experiences for students (Wiles. 1981;
11).

1.2.4 Curricutlum as an outcome

The curriculum is a structured set of learning outcomes for which the
school is responsible (Popham. 1969: 16).

The curriculum is a structured set of learning outcomes (objectives)
resulting from instruction (Howell. 2000: 19).

The curriculum is concerned not with what students will do in the
learning situation, but with what they will learn as a consequence of what they do.

The curriculum is concerned with results (Jacquelfyn. 1996: 8).

The curriculum is all of the experiences that individual learners have in a
program of education whose purpose is to achieve broad goals and related specific

objectives {Hass. 2000; 12-13).

1.3 Curriculum perspectives and theories

Before studying curriculum perspectives and theories, it is helpful to
understand the nature and relations of several commonly used terms, such as curriculum
philosophy, curriculum theory, curriculum model, curriculum development, and curriculum
design.

Generally speaking, curriculum philosophy provides a framework for settling
broad educational issues as well as making precise classroom decisions. The events of
curriculum development and their relationships are then described and directed by

curriculum theories. Curriculum theory is usually drawn from philosophical orientations.
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In theory construction, it is also a concise representation of the theory.
Curriculum design focuses on the principles for arranging elements of curriculum, such as
purpose, content or experience, organization, and evaluation, while curriculum
development includes curriculum design, as well as its context and the means for its

actualization. The relations among these terms are shown in Figure 1.

aids in/

provides a base for

Curriculum Philosophy
A A 4
Curriculum Development
Provides a evolves is a part of
framework for from Curriculum Design
h

Curriculum Theory

.
represents L Curriculum Model

Describes the events
and their relations

Figure 1. Relations among curriculum philosophy, curriculum theory, curriculum model,

curriculum development, and curriculum design.

1.4 Curriculum theory
Because a certain amount of obscurity surrounds the concept of curriculum, its
definition is especially important. Some educators use the term to refer to something as
specific as the curriculum guide for a particular school.
The publication, in 1918, of Bobbitt 's “The Curriculum” is felt by some fo have
started curriculum as a field of professional specialization in its own right and, not simply,
as it had been considered earlier, an offshoot of general educational considerations

(Bobhbitt. 1941: 14).
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Ralph W. Tyler later helped Bobbitt's idea become more popular when he
clarified and amplified the scientific view of curriculum that Bobbitt originated by putting it
into four broad categories (Tyler. 1950: 17).

What educational purposes should the school seek to attain?

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

How can these educational experiences be effectively organized?

How can we determine whether these purposes are being attained? (Tyler.
1950 : 22).

The Tyler model is considered by some to be the model most closely
associated with the scientific view of curriculum. However, other models were also
developed, possibly in an attempt to improve on the Tyler model. One example is that
developed by Hilda Taba. The Taba model consists of six steps:

Diagnosis of needs

Formulation of objectives

Selection of contents

Organization of contents

Selection of learning experiences
Organization of learning experiences

Goodlad's model uses only three main elements and is more value oriented

(Goodlad, J.L.; Kiein, M.F.; & Tye, K.A.1979: 36):
Values
Educational aims
Contents

The development of the cognitive process approach to curriculum is primarily
concerned with the refinement of intellectual operations and has minimal concern for
curriculum content. The major focus seems to be on the how of education, rather than on
the what. The cognitive process approach views the learner as an interactive and adaptive

element in a system, which, if given the appropriate intellectual tools, could grow aimost
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indefinitely. This approach illustrates the way in which assumptions about how people learn
influence the development of educational programs.

The curriculum as technology approach focuses on processes: the “how,”
rather than the "what,” of education. It differs from the cognitive process approach in that it
is concerned not with the processes of knowing or learning, but with the technology by
which knowledge is communicated and learning is facilitated, making little or no reference
to content. The focus is more on the most efficient way of presenting the material to the

learner,

1.5 Curriculum theory and the curriculum model

In this section, the characteristics of curriculum theory are examined. A theory
provides a foundation for action and a direction for an individual to think along particular
lines. Theories are defined to deal with sets of phenomena and the relationships among
them. According to Schubert (1986: 75), theory faces "what is and what ought to be” in
curriculum. Theory can also be used to reflect the language used in curriculum and to
clarify its meaning.

As summarized by Manen (1992: 56), theories have four functions: description,
prediction, explanation, and guidance. McNeil (1996: 4) noted that curriculum theory
parallels the major curriculum orientations. Being drawn from different philosophical
orientations, theories may appear in various forms. As Kliebard (1996: 35) emphasized in
curriculum planning, theories are used to explain things to be observed. However,
because people observe the world through'various philosophical lenses, theories are value-
oriented.

Curriculum models are used to aid in theory building by representing
“phenomena and their relationships. Zais (1976: 16) notes that there are four types of
models;

The physical or working models;
The conceptual or verbal models;
The mathematical models;

The graphical representation.
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Theoretical curriculum models are generally limited to the conceptual or
graphical types. From the humanistic orientation, there are concept models of feminist
theory, which raise the conscicusness concerning the role of emotions, compassion, and
human relationships in knowing; and those of phenomenological theory, used by teachers
in understanding their relations with children (McNeil. 1996: 128). With regard to graphic
models, there are three instances indicated by MacDonald, Leeper (1995: 14}, Johnson
(1967: 245), and Zais (1976: 45). Macdonald’'s model saw schooling as one of four
interacting systems: curriculum, teaching, instruction, and learning (see Figure 2). In
Johnson's model, curriculum is shown as the output of the process of curriculum
development (see Figure 3). Zais's model is a portrayal of components of curriculum and

the principal forces that affect its substance and design (see Figure 4).

Instruction

Figure 2. Macdonaid’'s modet of curriculum. Curriculum is seen as one of four interacting

systems

(Macdanald. 1995: 76).
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(Available teachable cultural content)

Learning
Outcomes

Selection Curriculum

Criteria (structured )
Curriculum series of Instructional
Development intended System
System learning L

outcomes)
Structuring >
Criteria Instrumental
Content
Source

Teaching
Behavior
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Application
From concepts, theories and models reviewed, high-schoo! chemistry
curriculum incorporating real-life situations by using inquiry cycle approach was developed
in this study through the following phases:
Phase 1 Curriculum Design
1.1 Review of basic information for developing a chemistry curriculum
1.2 Drafting the structure of real-life high school chemistry curriculum
1.3 Evaluation of the high school chemistry curriculum
1.4 Revision of the first draft of the high school chemistry curriculum
1.5 Pilot study of the chemistry curriculum
1.6 Revision of the final draft of the chemistry curriculum
Phase 2 The Implementation of The Curriculum Step
2.1 Preparing a small-scale implementation of the high school chemistry
curriculum,

2.2 Completing the high school chemistry curriculum.

Related literatures

Pranit Supawasitti (1995: 5) studied the effectiveness of curriculum on the
learning of law for 50 local community leaders of Chiengmai Province. It was found that the
resutting knowledge about laws of the experimental group, studied through the curriculum
developed by the researcher, was significantly higher than that of the comparison group.
Regarding the applicati'on of the knowledge gained to real-life situations, the data showed
that the experimental group was better able to apply their knowledge of law than the
comparison group.

In a study of curriculum development in educational institutions, Wichai
Kongpetch (1992: 3) looked at the development of the curriculum for vocational teachers in
secondary schools under the Department of General Education, in Bangkok, Thailand. The
results of the study showed that a high percentage of vocational teachers needed more
academic skills, and, furthermore, indicated that the Department of General Education

should be responsible for the program. Suree Suttisakdi (1996: 2) studied the local
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curriculum on THAI 031 (T031) Subject: Folk Tales for Junior High School Students in
Nakornsrithammarat Province. The summaries of the research were as follows: 1) during
the preparation phase, the researcher studied the teaching models and selected two,
teacher-centered and student-centered; 2) curriculum materials were developed in stages.

Oswald (1996: 45) pointed out in “Chemistry curriculum modulation: an
investigation of text, teacher and learner interactions in a classroom millieu” that the
purpose of the study was to gain experience, document, and analyze the transformation of
a chemistry curriculum through the phases of the intended curriculum, its enactment, and
subsequent learning. Subdivisions of the research question investigated: the development
of the intended curriculum by the teacher; the affect of his or her knowledge, beliefs, and
values upon implementation; characteristics of the classroom culture created by
associations of teacher, students, and curriculum; and student learning in five science
cbjectives.

Analysis of the curriculum enactment supported the conclusion that the teacher
served as the instructional leader in an activating, rather than controlling, role. The text
provided a framework for instruction, based upon its content, sequence, format, and
science emphasis,

Chinhyu (1996: 82) conducted a study titled, "Development of demonstration-
enhanced courses throughout the chemistry curriculum and a combarative study of student
response.” A set of demonstration materials was designed to teach chemistry concepts in
the lecture setting. AII existing demonstrations were examined and categorized as being
ready for overhead projection, adaptable for overhead projection, or unsuitable for use on
the overhead. New overhead projection demonstrations were developed, along with new
devices and methods to adapt standard experiments and bench-top demonstrations to
overhead projection. All demonstrations were tested and organized according to concepts
covered in the typical general chemistry curriculum. Resuits of the surveys indicated that, in
general, students found demonstrations interesting. In most cases, they also found them to
be informative, as long as the demonstrations were clearly connected to a single concept.

In their study, “The development and implementation of two industrial chemistry

case studies for the Israeli high school chemistry curriculum,” Kensner, Ben-2vil & Hofstein
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{1997: 45) discussed the development and implementation of two case studies based on
local chemical industries for the Israeli high school chemistry curricutum.

Premchit Bunsai (1998. 23} conducted the study, "A development of high
school biology curriculum on basic bictechnology utilizing waste-based laboratories.” This
study is a basic research and development (R&D) type attempting to develop a high school
biology curriculum modeled on basic biotechnology by utilizing waste-based laboratories.

The research was accomplished by applying the six stages of the curriculum
development process: a) surveying of basic information, b) developing of an initial dratft, c)
pre-trial, d) revision of the initial draft, ) try-out of the draft, and f} post-trial improvement.
Following the stated stages, twenty laboratories from five sub-areas of basic biotechnology
were developed: the developed curriculum was introduced for intensive comments in a
science teacher's seminar, and was also used in a classroom laboratory situation for one
full semester by ninety MS. VI students of the Prachinrasadom-amroong. These students
exhibited positive improvement on all three measures: cognitive outcome (memory,
comprehension, application, and science process skills), affective outcome (scientific
attitude, general characteristics, career development-based characteristics, social
development-based characteristics, and health-based characteristics) and psycho-motor
outcome (experimentation skills). In comparison with the control group exposed to the
IPST's traditional curriculum, the experimental group attained higher scores on all the

measures,

2. Learning theories
There are five diverse, contemporary theories of learning. These theories are
generally referred to as: a) traditionalism, b} behaviorism, ¢) neobehaviorism, d)

cognitivism, and €) humanism (Beikin and Gray. 1977: 216).

2.1 Traditicnalism

Traditionalism represents a collection of principles and assumptions about
learning that have been passed down through the years. Traditional theory assumes that

the learner is endowed with natural tendencies to relate actively to the environment.
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Unfortunately, with the advancement of civilization, these natural tendencies are often
undesirable responses. These behaviors must be curbed and replaced with behaviors that

are desirable in today’s society.

2.2 Behaviorism
The second and third theories, behaviorism and neobehaviorism, are both part
of the behavioristic family of learning theories. Associationistic, conditioning, behavioral,
and stimulus-response learning theories are usually labelled as S-R theories. The
underlying assumption of these theories is that one's behavior results from one’s experience

or situational condition (Belkin and Gray. 1977: 218).

2.3 Neobshavicrism

Neobehaviorism distinguishes between performance, learning conditions, and
outcomes. In addition, provisions are made for learning processes as intervening variables
between learning conditions and outcomes. Furthermore, reinforcement is the only
situational condition in behaviorism, but in neobehaviorism, it is merely one of the situational
conditions. Situational conditions prior to the response are always important in
neobehaviorism, but are only sometimes important in behaviorism (Belkin and Gray. 19/7:
218-219).

in neobehaviorism, the primary condition for the acquisition of new behavior,
and, subsequently, learning, is reinforced practice of stimulus-response associations.
Reinforcement is required, because effective performance increases learning. In addition,
overlearning of the associations is important in minimizing forgetting, which may occur

through the interference of similar stimuli and responses in the environment.

2.4 Cognitivism
Cognitivism is sometimes referred to as cognitive-field or gestalt theory.
Originally, cognitive theory was concerned with perception and thinking. Lately, situational
conditions, as weli as the relationship between thinking and observable performance, have

been incorporated into the theory (Belkin and Gray. 1977: 222).
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As the word, “cognitive,” means “to know,"” cognitivism is concerned with the
way an individual comes to know something. Thus, learning is examined in terms of

thought processes.

2.5 Humanism

Humanism represents several viewpoints, including dynamic psychology,
phenomenology, existentialism, and perceptualism. In this theory, the learner is conceived
of as having a buiit-in mechanism to foster his/her own development through experiences.
Mechanisms not apparent at birth will naturally unfold through the course of development
(Belkin and Gray. 1977: 224).

The essence of the humanistic theory is that the learner is in the best position to
understand his/her own needs and how to meet them. This means that the learner chooses

his/her own situational conditions, rather than having them imposed upon him/her by others.

Application:

The aforementioned learning theories can be summarized as being contributive
to the development of individual by increasing their learning-effectiveness, thus leading to
SUCCESS.

Having reviewed the concepts and theories of curriculum and learning, these
were applied in this research through the development of a high school science curriculum
on the topic of chemical solutions incorporating real-life learning experiences. The
theoretical foundation of this curriculum is the learning theory of behaviorism. The
underlying assumption of this theory is that one’s behavior results from one’s experience or

situation condition (Belkin and Gray. 1977: 218).

Related literature
Kathryn {1998: 3-4) wrote the study, “Semantic construction of relationships in
curriculum of algebra If and chemistry related to behaviorism”. The curriculum integration
between algebra Il and chemistry was investigated within a unit on gas laws. High school
students, enrolled in both algebra Il and chemistry, and their teachers participated in the

qualitative study. Data were analyzed using a scheme developed from the findings of
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Lemke and Lampert (1993:14). Importance in the study was linguistic register findings,
integration barriers and perceptions held by students. The study examined three areas of
analyses of linguistic registers including cognitive (personal and within each course),
interactive (personal and between courses) and negotiative (interactive between students)
as questions of how students constructed meaning using their registers were explored.
Activities were constructed that identified areas of problem solving approaches,
perceptions of course applications, possibilities of and barriers to course integration,

linguistic register findings, and student perceptions of curricutum.

3. Inquiry
The American Association for the Advancement of Science (AAAS. 1993: 48) and
the National Research Council (NRC. 1996: 25) have identified the content and
performance standards necessary for the United States to develop a scientifically literate
society and continue its international standing in science. Both organizations have
recornmended that inquiry needs te be a fundamental component of an up-to-date science
curriculum (Etheredge and Rudnitsky. 2003: 6) and a central strategy for teaching science
(Llewellyn. 2002: 9). Moreover, inquiry has been identified as the preferred method of
instruction within the teaching and. professional development sections of the National
Science Education Standards (NSES) (NRC. 1996: 71). As pointed out in the National
Science Education Standards (National Research Council. 1996: 8), students who use
inguiry to learn science engage in many of the same activities and thinking.processes as
scientists seeking to expand human knowledge of the natural world. Yet, the activities and
"thinking processes used by these scientists are not always known explicitly by the educator
seeking to introduce inquiry into the classroom (National Research Council. 1996: 1).
It was found that an inquiry approach is beneficial and that even young children
can learn through inquiry. Many of the most innovative science curriculum projects

developed over the past 30 years have embraced an inquiry approach.
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3.1 What is inquiry?

Scientific inquiry is more complex than the traditional notion of it (Etheredge
and Rudnitsky. 2003: 35; AAAS. 1993: 4). More than a systematic method of making
observations and organizing them, scientific inquiry is a subtle, flexible, and demanding
process, states the Benchmarks for Science Literacy (AAAS. 1993: 25; Llewellyn. 2002:
11).

From a science perspective, inquiry oriented instruction engages students in
the investigative nature of science, says David L. Haury in his article, Teaching Science
through Inquiry (1993: 5-6). Haury cites Alfred Novak's definition: Inquiry is the set of
behaviors involved in the struggle of human beings for reascnable explanations of
phenomena about which they are curious.” In other words, inquiry involves activities and
skills that focus on the active search for knowledge or understanding to satisfy a curiosity,
says Haury.

3.1.1 Inquiry is on a continuum
In practice, inquiry often occurs on a continuum. On cone end of the
continuum of inquiry might be the use of highly structured hands-on activities and
“cookbook” experiments; in the middle might be guided inquiry or the use of science kits;
and, at the farthest end, students might be generating their own questions and
investigations. A teacher's goal should be to strive for the farthest end of the continuum,
where students are involved in full inquiry. There are times when thé teacher will find it
necessary to employ lower-level inquiry strategies to meet specific goals. However, the
instructor should not assume that a structured, hands-on ac;,tivity would necessarily have all
of the elements of inquiry.
When choosing from the continuum, teachers will need to consider a
number of variables, such as their own teaching skills; student readiness, maturity, and
. ability; and pedagogical goals. Occasionally, the teacher will move back and forth on the
inquiry continuum to meet certain goals and circumstances. Berk Moss, science curriculum
coordinator for the Beaverton School District in Oregon, provides an example of how a
teacher's progression toward full inquiry might proceed:

- Activities focus on textbooks, library reports, and worksheets;
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- Demonstrations are done for students;

- Students conduct “cookbook experiments” (student replications,
not discoveries);

- Students do laboratory activities that lead to student discoveries;

- Students answer questions generated by the teacher from open-
ended laboratory activities;

- Students answer questions of their own from open-ended laboratory
activities. Each step represents significantly more risk taken by the teacher and
increasingly complex classroom management. It is quite reasonable to supply some of the
inquiry steps to students so that they can focus their learning on other steps, for example,
by supplying the question and ask them to devise the investigation or give data and ask
them to analyze and test a given hypothesis. The complexity of these activities will vary with
student age and experience, but there are entrances for every child. Students can do
investigations requiring data collection that do not require complex iaboratory preparation
by the teacher. All inquiry experiences do not need to involve a mop and apology to the
custodian. Students engaged in full inquiry are doing the following:

- Learning in a rich environrﬁent,

- Thinking of a question, and shaping it into something they can

- Investigate,

- Hypothesize,

- Plan an investigation,

- Collect data,

- Analyze those data,

- Form a conclusion,

- Communicate their findings,

- Inquiry is “just good teaching”. (Moss, 1999: 9-13)

Research has identified effective teaching strategies, many of which are
core elements of inquiry. In the book Effective Teaching: Current Research {(Waxman &
Walberg. 1991: 4), Kenneth Tobin and Barry Fraser identify teaching strategies that are

used by exemplary mathematics and science teachers. According to research, exemplary
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teachers ensure that activities are set up to allow students to be physically and mentally
involved in the academic subjects. Activities are based on the use of materials to
investigate questions and solve problems. Teachers use verbal interaction to monitor
student understanding of the content, and facilitate peer interactions by setting up small
group discussions.

At all levels, teachers are effective in a range of verbal strategies, which
include asking guestions to stimulate thinking; probing student responses for clarification
and elaboration; and providing explanations to students, say Tobin and Fraser. (1998, 11)
The most successful teachers have deep content knowledge of the subject areas they
teach, as well as the relevant pedagogical theories and strategies. They use skillful
guestioning to focus student engagement and to probe for misunderstandings. They
provide clear and appropriate explanations. They use concrete examples and analogies,
relevant to students’ experiences, to illustrate abstract concepts and facilitate
understanding. They anticipate areas of content that are likely to give students trouble, and
they conclude tessons by highlighting the main points (Tobin & Fraser. 1991; 7).

3.1.2 Inquiry is an appreach to learning

Inquiry is an approach to learning that involves a process of
exploring the natural or material world, and that leads to asking questions, making
discoveries, and rigorously testing those discoveries in the search for new understanding.
Inquiry, as it relates to science education, should mirror as closely as possible the
enterprise of doing real science.

The inquiry process is driven by one's own curiosity, wonder,
“interest, or passion to understand an observation or solve a problem. The process begins
when the learner notices something that intrigues, surprises, or stimulates a question -
something that is new, or something that may not make sense in relationship to the learner's
previous experience or current understanding. The next step is to take action through
continued observing, raising questions, making predictions, testing hypotheses, and

creating theories and conceptual models.
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The learner must find his or her own pathway through this process. It
is rarely a linear progression, but rather more of a back-and-forth, or recursive, series of
events.

Good science education requires both learning scientific concepts
and developing the skills of scientific thinking. Effective classrooms rely on many different
ways of teaching science. Inquiry learning has proven to be a powerful tool in learning

science, and in keeping wonder and curiosity alive in the classroom.

3.2 The process skills of inquiry (BSCS: 1970: 5)
- Teaching using the 5E's
The 5E’s Learning Cycle is a method of structuring a science lesson that is
based upon inquiry learning theory, research-based, best practices in science pedagogy
and cognitive psychology. Moreover, the 5E's Leamning Cycle is one of the most familiar
and effective models for science instruction. It was originally proposed in the earty 1960s
by Atkin and Karplus (1962; 6). The mode! was later used as the instructional basis for the
science curriculum by Lawson, Abraham, and Renman (1989: 12-13); Beisenhez and
~ Dantonio (1996: 25-26); Marek and Cavallo {1997: 4); Bybee (1997: 31); Abraham {(1997;
37}; and Colblurn and Clough (1997: 92) (Llewellyn. 2002: 9).
Initially, the Learning Cycle was proposed as a 3-phase model {Exploration,
Concept Development, and Application). In another model, however, Martin, Sexton, and
Gerlovich (1999: 85-86) suggested 4 Es (Exploration, Explanation, Expansion, and
Evaluation). With the recent emphasis on constructivism and'assessing prior knowledge,
the Engagement phase has been added, making the 5E's Learning Cycle model:
Engagement
Exploration
Explanation
Elaboration or Extension
Evaluation
The first stage is the "engagement.” This is the introduction to the lesson that

motivates or hooks the students’ interest in the iearning to follow. It can be a demonstration,
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a discussion, a reading, or some other activity used to tap into the students'prior knowledge
about the fesson and engage their curiosity. It is used to uncover what students know and
think about the concept or topic.

This is followed with an "exploration" activity that allows the students to
experience the concepts and ideas of the lesson. Students are encouraged to work
together without direct instruction from the teacher. They observe, question, and investigate
the concepts to develop fundamental awareness of the nature of the materials and ideas.

The "explanation” stage encourages students to explain concepts and
definitions in their own words. Students are asked to justify and clarify their ideas. Formal
definitions, explanations, and labels are provided. This is done through such activities as
discussions, chalks and talks, films, etc. and can be didactic in nature.

The "extension" stage allows students to apply their new labels, definitions,
explanations, and skills in new, but similar situations. It often involves experimental inquiry,
investigative projects, problem solving and decision-making. Laboratory work is common.
Students frequently develop and Complete their own well-designed investigations.

The "evaluation” stage assesses both learning and teaching and can use a
wide variety of informal and formal assessment strategies. Teachers frequently observe
students as they apply new concepts and skills to assess students’ knowledge and/or skilis,
looking for evidence that the students have changed their thinking or behaviors, The
opportunity to allow students to assess their own learning and group-process skills are
often provided.

Even though the 5E's are described in a linear order, there are times when it
is appropriate to loop back into the cycle before going forward. For example, several
explore/explain loops may need to occur before students have the full ability to move
forward into an extended sessicon. It may be that, during the extended stage, the teacher
may find students who need to revisit an engagement activity. Evaluation is an ongoing
process and is not generally left for the end activity. It is helpiul to think of the SE's Learning
cycle as recursive and looping back on itself. It is also possible for a single E activity to
have the other E's embedded within it. For example, an extended session may well begin

with engagement, followed by brief exploration/explanation, and be embedded with
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informal evaluations along the way. The idea of the 5E's cycle being somewhat like a fractal,

with mini 5E's building upon one ancther fo create a 5E's lesson, is an appropriate analogy.

Application
From concepts, theories, and model reviewed, this research developed a high
school chemistry curriculum incorporating real-life situations by using the inquiry cycle
approach. The National Science Education Standards (NSES) posits that “teaching science
as inquiry provides teachers with the opportunity to develop student abilities and to enrich
student understanding of science” (National Research Council. 1996: 6). Further, it also
states that * Science teaching rmust involve students in inquiry oriented investigations in

which they interact with their teachers and peers.”

Related literature

Driel; et al. (2001: 7) has recommended that one of the aims of science
education is “to focus on inquiry as a central element of the curriculum, to promote students
to actively develop their understanding of scientific concepts, along with reasconing and
thinking skills” ( Driel; et al. 2001: 131). These goals are similar to reform efforts in other
countries found in articles and reports, such as those on a new science curriculum in
Australia (Curriculum Corporation. 1994 cited by Driel; et al. 2001), and the implementation
of ‘science, technology and society in Canada’ (Aikenhead; & Ryan. 1992 cited by Driel; et
al. 2001). In the Netherlands, the national curriculum of traditional subjects, which only
contained physics, chemistry, and biology, has been changed to promote students in
active learning activities, especially through inquiry {Driel; et al. 2001: 10).
| tn an attempt to improve science teaching in the United States, The National
Science Education Standards (NSES), apart from the citation previously quoted, posits that
“teaching science as inquiry provides teachers with the opportunity to develop student
abilities and to enrich student understanding of science” (National Research Council. 1996:
8). Further, it also states that “Science teaching must involve students in inquiry oriented
investigations in which they interact with their teachers and peers, and also adds that

hands-on activities are not enough - students must also have 'minds on’ experiences"
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{National Research Council. 1996: 20). The teacher plays a vital role in successful inquiry
instruction. Children cannot be simply turned loose to make discoveries, nor be expected to
develop a meaningful grasp of scientific inquiry (Etheredge; & Rudnitsky. 2003: 57-58).

National Research Councils, such as the National Science Resources Center,
the National Academy of Sciences, and the Smithsonian Institution (1997: 5), emphasize
that “people have to be prepared to think critically, solve problems, and use technology
effectively, and one proven way to achieve these goals is to begin to teach science in
elementary school. Through a particular approach to science education, called inquiry-
centered science, children learn to ask questions, experiment, develop theories, and
communicate their ideas” (1997: 1).

These studies on inquiry-based, teaching-learning strategy reveal that inquiry is
an important skill in the success of students’ daily lives, as learning by memorizing or a
complete reliance on learning from books does not help students to recognize or solve real-

life problems.

4. Science process skill

One of the most important and pervasive goals of schooling is to teach students to
think. All school subjects should share in accomplishing this overall goal. Science
contributes its unique skills, with its emphasis on hypothesizing, manipulating the physical
world, and reasoning from data (Tomera. 1998: 12).

The scientific method, scientific thinking, and critical thinking are terms that have
been used at various times to describe these science skills. Today the term, “science
process skills," is commonly used. Popularized by the curriculum project; Science - A
Process Approach (SAPA), these skills are defined as a set of broadly transferable abilities,
appropriate to many science disciplines and reflective of the behavior of scientists. SAPA
grouped process skills into two types, basic and integrated. The basic (simpler) process

1 skills provide a foundation for learning the integrated (more complex) skills. These skills are

listed and described below.
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4.1 Basic science process skills (Wideen. 1975: 82).

Observing - using the senses to gather information about an object or event,
Example: Describing a pencil as yellow.

Inferring - making an "educated guess" about an object or event based on
previously gathered data or information. Example: Saying that the person who used a pencil
made a lot of mistakes, because the eraser was well worn.

Measuring - using both standard and nenstandard measures or estimates to
describe the dimensions of an object or event. Example: Using a meter stick to measure the
length of a table in centimeters.

Communicating - using words or graphic symbois to describe an action, object,
or event. Example: Describing the change in height of a plant over time in writing or by a
graph.

Classifying - grouping or ordering objects or events into categories based on
properties or criteria. Example: Placing all rocks having certain grain size or hardness into
one group.

Predicting - stating the outcome of a future event based on a pattern of
evidence. Example: Predicting the height of a plant in two weeks time based on a graph of

its growth during the previous four weeks.

4.2 Integrated science process skills (Wideen. 1975: 82).

Controlling variables - being able to identify variables that can affect an
experimental outcome, keeping most constant while manipulating only the independent
variable. Example: Realizing through past experiences that amount of light and water need
to be controlled when testing to see how the addition of organic matter affects the growth of

"beans

Defining operationally - stating how to measure a variable in an experiment.
Example: Stating that bean growth will be measured in centimeters per week.

Formulating hypotheses - stating the expected outcome of an experiment.
Example: The greater the amount of organic matter added to the soil, the greater the bean

growth,
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Interpreting data - organizing data and drawing conclusions from it. Example:
Recording data from the experiment on bean growth in a data table and forming a
conclusion, which relates trends in the data to variables.

Experimenting - being able to conduct an experiment, including asking an
appropriate guestion, stating a hypothesis, identifying and controlling variables,
operationally defining those variables, designing a "fair” experiment, conducting the
experiment, and interpreting the results of the experiment. Example: The entire process of
conducting the experiment on the affect of organic matter on the growth of bean plants.

Formulating models - creating a mental or physical model of a process or
event. Exampies: The model of how the processes of evaporation and condensation

interrelate in the water cycle.

Application
From theories reviewed, this research developed a high school chemistry
curriculum incorporating real-life situations by following science process skill in the
laboratory. The underlying assumption was that science process skiils are one of the key

variables affecting learning outcomes in the high schoal curriculum.

5. Scientific mind
These days, educators talk a great deal about scientific mind or science oriented
thought. Political leaders, in a proverbial style, also often advise us to be scientifically
minded, and they promise to turn society into one based on scientific thought and culture.
[ People want scientifically oriented society; they want science-based free thinking; they want
to solve every probiem that confronts them today in a scientific way - whatever the nature of

the problem, be it economic or social (Gabel. 1993: 64-65).

6. Curriculum evaluation
Curriculum Evaluation is an important step in developing a curriculum, The

concepts and models on curriculum evaluation are presented as follows:
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Curriculum evaluation is the process of making the value judgment of a curriculum,
with the aim to determine which part should be improved, in order to make the up-to-date
curriculum that fits to the present social and economic situation. With regard to the
improvement of curriculum, the Department of Education, Ministry of Education, and the
teachers are to carry that out during the implementation of the curriculum or after the
curriculum has been used.

The curriculum evaluation is the process of making a comparison between the
outcomes measured and the objectives started, to find out whether or not the outcomes

have met the objectives (Wichai Wongsyai. 1989 : 15).

Application
The aforementioned curriculum evaluation models can be summarized as being
beneficial to the development of curriculum in a variety of ways. This study developed high
school science curriculum on the topic of chemical solutions incorporating real-life learning
experiences by using as Tyler's Model which emphasizes the achievement of evaluation
objectives. The tests have been used widely and are appropriate for the evaluation of
learning and teaching, However this study included these two activities before try-out

process.

Related literature

Patumas Nonprasert (1998 : 3-4) studied the development of a curriculum on
. environmental education project management for secondary school teachers. Three steps
were used as follows: preparing for the creation of the curriculum by surveying the needs of
the target group, creating the curricutum by developing the structure and factors of the
curriculum, and training and assessment of the curriculum by using Stake's curriculum
evaluation model. That research study aimed to change, improve, and develop the
“activities involved in curriculum development in order to better curriculum. The research
results showed that participants had gained an increase in knowledge after the training at a
statistically significant level of 0.05, had better skills in planning and presenting projects,

and thought that the training was appropriate.
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7. Classroom assessment

Many assessment theories identity two categories of classroom assessment: one
being the substance of the assessment and the other being how they are used. The
substance of classroom assessments must be congruent with learning goals. |n contrast to
the reductionistic and decontextualized view of subject matter knowledge produced by the
scientific measurement paradigm, here, the content of assessments must match
challenging subject matter standards and be connected to contexts of application. As part
of this, assessments must mirror important thinking and learning processes, especially
modes of inquiry and discourse as they are valued and practiced in the classroom.

The purpose of assessment in classroom must also be changed fundamentally so
that it is used to help students learn and to improve instruction, rather than being used only
to rank students or to certify the end products of learning. The nearly exclusively normative
use of tests in the U.S, to compare students to one another and to determine future
educational and occupational possibilities is one of the main reasons why classroom
cultures have become dominated by an exchange value of learning, where students
perform to please the teacher or to get good grades, rather than to pursue a compeliing
purpose. By contrast, in classrooms where participation in learning is motivated by its
useful value, students and teachers have a shared understanding that finding out what
makes sense and what doesn't is a joint and worthwhile project, essential to taking the next

- steps in learning. TQ serve this end, more specific principles of classroom assessment
require that expectations and intermediate steps for improvement be made visible to

students, and that students be actively involved in evaluating their own work.,

8. The Basic Education Curriculum 2001

In 1990, the Department of Curriculum and Instruction Development at the Thai
Ministry of Education (MOE) implemented a new curriculum based on an analysis of
limitations and weaknesses that were identified in the 1978 national curriculum. In 1999,
the Thai Ministry of Education made further revisions and implemented a new curriculum,
referred to as "The Basic Education Curriculum 2001.” This new curriculum was thought to

better meet and reflect the needs of educational institutions and provincial society,



34

especially in the areas of foreign languages (specifically, English), mathematics, science,
and technology.

The Basic Education Curriculum, 200t is composed of knowledge, learning
processes, values, morals, and good attitudes, and consists of eight major categories: 1)
Thai language, 2) Mathematics, 3) Science, 4) Social studies, religion and culture, 5) Health
and physical education, 6) Art, 7) Career and Technology, and 8) Foreign languages (MOE.
2002: 5). The science category consists of eight subcategories; 1)} Living beings and Life
existence process, 2) Life and environment, 3) Properties of matter, 4) Force and mability,
5) Energy, 6) Evolution of earth, 7) Astronomy and space, and 8) Nature of science and
technology (MOE. 2002: 14-16). “Chemical solutions” is one of the topics related to
“Properties of matter,” so it is important to develop "chemical solutions” in the high school
science curriculum. Furthermore, in a formal pilot study (1997: 23), it was found that saline
soil is one of the main problems in Chachoengsao province, and the content of chemistry,
especially chemical solutibns, should be developed for solving this problem. Therefore,
saline soil will be the main focus of the study of chemicai solutions.

Content of chemistry curriculum in this research stress on content of chemistry by
using inquiry cycle approach incorporated the real-life situations as soil salinity in

Chachoengsao province,

9. Soil salinity

Soil salinity is a major environment problem in Thailand, caused by biophys@cal
human factors and environmental factors. It affects many parts of the country, both rural
and urban. Unless speedy action is taken by the government, community and individuals,

the problem is going to spread and become worse (Thailand Research Funds. 2001: 45).

9.1 What is Salinity? {Waissman. 2000: 61-62)
Salinity means "saltiness.”. Soil can become too salty for plants to grow, and in
turn, the rivers and streams that run through this salty land become salty themselves and

pollute areas downstream.
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There is salt in many parts of the landscape of Thailand. Salinity is the presence
of salt in the land surface, in soil or rocks, or dissolved in the water of rivers or groundwater.
Salinity can develop naturally, but where human intervention has disturbed natural
ecosystems, the movement of salt into rivers and onto land is accelerated. There are
different types of salinity, depending on their causes, including irrigation, dry land, and

urbanization.

9.2 How does it happen? (Waissman. 2000; 61-62)

Strangely, for a land as dry as Thailand, it all starts with rain. When rain falls on
the ground, some evaporates, some ends up in streams and rivers, and some is directly
absorbed by plants. But some of it also ends up in groundwater - far below the surface,
where it moves through tiny holes and gaps in the rocks and the soil. Some taller trees
have roots so deep that they get a lot of the water they need from that groundwater: these
then trees pump this water back into the atmosphere. However, most groundwater flows
out, usually very slowly, through springs, streams, and rivers. Often, the groundwater
becomes essentially trapped underground, and after a while, when the amount exceeds the
capacity of the ground to contain it, it starts rising towards the surface, as there is nowhere
else for it to go. But it isn't just a case of too much water. As the groundwater rises, it also

disschves salts in the soil, and carries that salt to the surface.

9.3 Effects of dry land salinity

Dry fand salinity has many environmental, economic, and social consequences. The costs
associated with salinity are potentially enormous, and are borne, not only by the rural
community, but also ultimately by the whole country and its environment. Dry land salinity
has an impact on:

1. Agriculture (Manemi. 2001: 12},

2. Water quality (Waissman. 2000: 61-62),

3. Public infrastructure and urban households,

4. Biodiversity and the environment.

- Agricultural impact
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The impact of dry land salinity on soil has adversely affected agriculture in
Thailand. The consequences include:

1. Significant losses of productivity in agriculture, with some land entirely
out of production. With increasing soil salinity, plants always find it more difficult to extract
water from the altered soils. Most normal crop and pasture plants are not highly salt-tolerant
and will eventually die out under saline conditions (Waissman. 2000: 61-62).

2. Damaged soil structure and increasing content of toxic substances
that may limit plant growth (Manemi. 2001 : 12).

3. More serious soil erosion, both by wind and by water, due to
worsening soil structure and declining vegetation cover.

) Impacts on water usage ('Manemi. 2001:12).

Dry land salinity may increase salt concentrations in streams and rivers,
and has a significant impact on a wide range of uses, including:

1. Declining suitability for drinking by humans and livestock, and for
irrigation.

2. Increasing costs for water treatment.

3. Corroding water pipes, concrete channels, similar infrastructure,
and various machines and household appliances.

4. Affecting industrial and domestic uses, such as washing and food

_processing.
- Impacting public infrastructure. buildings and houses (Manemi. 2001: 12).

Dry land salinity also affects rural towns. Apart from tand clearing,
salinity is partly caused by human activities, such as over watering of gardens and sports
grounds. It has potential effects on infrastructure, buildings and domestic houses. These
include:

1. Damage to houses, buildings, and other structures caused by the
deterioration of brick, mortar, and concrete due to saline water crystallizing in brickwork.

2. Corrosion of metals buried in the ground or set in structural
concrete may also occur.

3. Shifting or sinking of foundations may resuilt in structural cracking,
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damage, or collapse. Damage to heritage buildings may be of particular concern, and land
values may be degraded by salinity.

4. Salt damage to roads and highways includes the breakdown of
concrete, bitumen, and asphalt with their associated pot holing, cracking, and crumbling of
the road base.

5. Damage to underground pipes, cables, and other infrastructure
due to the breakdown of unprotected metals, cement, and other materials.

6. Loss of amenity in recreational areas, such as gardens and sports
fields due to the appearance of bare, exposed patches where grass and other plants can
not grow.

7. Failure of septic tanks caused by high water tables. This often
leads to other environmental and health problems.

- Impacts on biodiversity and the environment
Rising water tables and increasing salinity have serious a impact on
native vegetation, in the same way as they do for crops and pastures. Remnant vegetation

may be threatened, and with this, a variety of animal species and their habitats are affected.

9.4 How can it be managed? (Waissman. 2000: 61-62)

Planting more vegetation can sto.p the salinity process and save the land for the
generations to come - generations of farmers and farm animals, as well as generations of
native plants and animals, But it takes a long time 10 grow a tree, and we have already lost
S0 many trees that replanting them all is an impossible task. Although it is best to plant

+ trees and shrubs, there are other things, such as pumps and drains, which can sometimes

be used to lower groundwater levels.

9.5 Causes of dry land salinity
Dry land salinity occurs where there is removal or loss of native vegetation, and
its replacement with crops and pastures that have shallower roots. This results in more
water reaching the groundwater system. The groundwater rises to near the surface in low-

tying areas. It carries dissolved salts from the soil and bedrock material through which it
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travels. As saline groundwater comes close to the soil surface (within 2m), sait enters the
plant root zone. Even where the groundwater does not bring much salt with it, the water

logging of the plant root zone alone can damage or kiil vegetation.

9.6 Soil pH and salinity

Maintaining a balanced pH level is very important in producing high yields of

crops. While every crop is different, most favor a pH range of 6.5 to 7.0 in the sail type.
In natural ecosystems, soil pH is balanced by the varied plant species and natural
processes. Mono cropping creates an artificial ecosystem, which alters the pH of the field.
The only method of stopping a change in pH is adding lime periodically to the field to buffer
it. Poorer countries may not always have enough capital to purchase lime to restore fields.
Besides the crops, many beneficial soil organisms require the soil to be kept within a
certain pH range. When the soil pH changes, they die, and lower crop yields result.

Weathering of the parent rock material can influence pH change. Calcium-
removing crops, such as alfaifa, tend to make the soil more acidic. Grassland vegetation
with high nutrient recycling can create alkaline conditions. In humid regions, water quickly
leaches away basic cations. Within three years of deforestation in rain forest areas, the
forest becomes highly acidic. Only with the application of lime will the soils recover and
become usefut again without waiting generations for the soils to naturally recover.

Those interested in developing sustainable agriculture also worry about acid

‘ rain. Acid rain speeds up the process of nutrient leaching and creates even more pressure
to use lime to rejuvenate soils.

It is important that salinity must be controlled. Fields can naturally become
saline over time. In general, irrigation and the subsequent evaporation of water leaves salt
on the soil. This process, along with desertification, is what led to the decline of the ancient
civilizations lining the Tigris and Euphrates rivers. When salt builds up on the fields, crop
yields decrease. If the salt content is high, plants have a more difficult time absorb water,;

they will then wilt and become more vulnerable to pests.
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A good way to slow down the saiting of soils is to irrigate at night. This reduces
the evaporation. Drip watering is also beneficial and uses less water. The problem with drip
irrigation systems is they are more expensive to construct.

Agricultural systems must be careful not to allow salt build up in the soil. Once
salt becomes a problem, it is very difficult and expensive to get rid of. The pH value of a
field is easier to correct. However, this is a re-occurring problem in agricuitural systems and

must continue to be addressed.



CHAPTER 3
METHODOLOGY

This chapter is concerned with the design and methodology that is used to answer
the research questions and test the hypotheses. Included is information regarding: {a)
procedures, {b) roles of persons of relevance, (¢} design, (d) samplings, (e) materials, {f)

data analysis, and (g) statistical analysis procedures.

Procedures
To design a high-school chemistry curriculum incorporating real-life situations. This
section focuses on the steps of the procedures:

1. Curriculum design was the step relating to the revision of fundamental
educational information and the existing curriculum with regard to curriculum structure,
objectives, course content, teaching-learning activities, teaching materials, and classroom
assessment for developing a draft of the high-school chemistry curriculum. This draft was
then reviewed for appropriateness and relevance of its components by specialists. Based
on suggestions by the specialists, the draft curriculum was again revised. Afterwards, the
high-school chemistry curriculum was implemented in one high-school chemistry classroom
serving as a trial group.

2. The implementation of the curriculum was the step that investigated the
efficiency of the curriculum. This involved the implementation of the high-school chemistry
curriculum with a sampling group by using a students' learning outcome test and
questionnaire of their opinions about this curriculum both prior to and after having used it.

' The final version of the curriculum, based on revisions suggested by this try-out was then
obtained.

The steps of methodology are presented in figure 5.
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Steps of developing chemistry curriculum “

1. Review of the basic information for developing a
chemistry curriculum
2. Drafting the structure of real - life high-school

chemistry curriculum

3. Evaluation of the high-school chemistry curriculum

Curriculum design

step

n,_, 4. Revision of the first draft of the high-school chemistry

curriculum

5. Pilot study the chemistry curriculum

6. Revision of the final draft of the chemistry curriculum

1. Small-scafe implementation of chemistry curriculum
Assessment materials for student
- Learning cutcome test

- Examination sheet of report paper

=] = Student questicnnaire on curriculum

The

- Scientific mind evaluating form

h 4

implementation of .
P Assessment materials for teacher

the curriculum - Manipulating skills observation checklist

ste . . .
P - Science classroom observation checklist

- Teachers interview sheet

4

2. Completing the high-schoal chemistry curriculum,

Figure 5 The steps of methodology of developing high-school chemistry curriculum incorporating real-life

situations.
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From figure 5, the steps of methodology of developing high-school chemistry curriculum
incorporating real-life situations, were composed of 2 steps as follows:
1. Curriculum design
The curriculum construction step consisted of the following six phases:

1.1 Reviewing basic information for developing and planning a high-

- school chemistry curriculum

1.1.1 Investigating related documents and research, such as
curricutum development, methods of curriculum, the inquiry cycle approach, and the
importance of chemical solutions as perceived by the local community.

1.1.2 Analyzing learning outcomes and sub-standard 3 (Properties
of matter) of all levels (grades 1-12) related to Thailand’s Basic Education Curriculum,
B.E.2544 (A.D. 2001) (MOE. 2002) (Appendix B).

1.1.3 Interviewing local resource persons about local wisdom, and
local environmental problems in everyday living in Chachoengsao province, Thailand. This

information was integrated into the core of Thailand's Basic Education Curriculum, B.E.

' 2544(A.D. 2001).

Interviewing 18 local resource persons composed of 5
agriculturists, 5 government officers from an educational institute, 2 government officers in
Office of Land Development, 3 specialists in the community and 3 community persons.
This interview on 27 — 29 July 2002 concluded that the most common environmental
problem ?n community of Chachoengsao is soil salinity.

1.1.4 Analyzing and reviewing the content of chemistry that is related
to soil salinity

Analyzing and reviewing the content of chemistry, which is

related to soil salinity that results from a brainstorming workshop for 8 high-school teachers,

"and integrating this with the life experiences taken from the interview data of local resource

persons. From this step, it was found that the content of chemical solutions was closely
connected to soil salinity
1.1.5 Analyzing and reviewing the content of chemical solutions used

in grades 1-12 as they are refated to standard 3.2.
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1.1.6 Developing and selecting the topic of chemical solutions that
are related to soil salinity used in level 4 (grades 10 -12).

Analyzing and reviewing the topic of chemical solutions that are
related to soil salinity in grades 10 -12, the outcome of which was used in the brainstorming
workshop for high-schoaol teachers in phase 1.2,

1.2 Drafting the structure of a real - life high-school chemistry curriculum
The structure of draft, which incorporated the real - life situations with

an inquiry cycle approach, was developed for use in the workshop:  * Workshop on
developing a high-school chemistry curriculum incorporating real-fife situations with
inquiry cycle approach”. There were 8 participants in the workshop: 5 high-school
chemistry teachers from Chachoengsao province, 1 curriculum developer, 1 science
educator, and 1 researcher. This draft and basic information from the first step of
designing the high-schoci chemistry curriculum was reviewed by those participants. The
objective of this workshop was to develop quality learning management, to help teachers
and participants understand Thailand's Basic Education Curriculum, B.E.2544 (A.D. 2001),
and to realize the importance of institute curriculum.

In the first activity of this workshop, curriculum developers and
science educators shared information with participants on curriculum development, the
inquiry cycle approach, creation of inquiry cycle approach incorporating real-life situations,
and assessment techniqués. This involved group discussions and active participation.
Afterwards, participants contributed to a pool of opinions on the Basic Educational
Curriculum of B.E. 2544 {A.D. 2001). In this discussion, local wisdom and local
environmental problems related to the curriculum were also included. The second activity
was to develop components of the curriculum (such as rationale background, principles,
.purposes of curriculum, course syllabi, lesson plans, leaming outcomes, activities, and
assessment tools); and to plan how to teach and assess students in each unit. For
teaching and learning activities, a strategy was developed for the application of the inquiry
cycle approach that used the 5SE's Learning Cycle composed of the 5 steps: a)

engagement, b} exploration, c) explanation, d) elaboration, and e) evaluation.
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1.3 Evaluation of the high-school chemistry curriculum
1.3.1 Evaluation of the initial draft of the high-school chemistry
curriculum by specialists
Obijectives
1. To examine the appropriateness of components of the
curriculum.
2. To examine the relevance of components of the curriculum,
such as problem situations, curriculum objectives, and learning objectives.
Evaluation specialists
The initial draft of the high-school chemistry curriculum resulting
from the workshop in phase 1.2 was examined by 3 groups of evaluation specialists as
follows: the content section by experienced high-school chemistry teachers and university
instructors; the curriculum organization section by a science educational administrator
specialist, science educators, and a curriculum development specialist; the teaching-
learning activities section by a science educational administrator specialist, science
educators, experienced high-school chemistry teachers, and university instructors.
Evaluation tool
A curriculum evaluation form was sent with the initial draft of the
high-schoo! chemistry curriculum to these specialists. These persons reviewed the draft of
high-school chemistry curriculum and all teaching documents, with attention given to
quality as well as validity. The first revision of the draft curriculum was based on
recommendations as suggested by the above three groups of specialists, was written
* (Appendix K).
1.3.2 Scrutinizing the quality of the components of the high-school
chemistry curriculum
Objectives
To scrutinize the quality of the components of the high-school

' eurriculum and to train teachers.
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Participants
Four participating teachers from Benchama Rat Rahsarit |
school, Benchama Rat Rahsarit I} school, Datdaruni school, and Puttirangsripiboon school
in Chachoengsao province, attended a three-day Teacher as Investigator Workshop for
scrutinizing the quality of the components of the high-school chemistry curricutum. The
evaluation included instructional activities, lesson plans, laboratories, assignments,
classroom materials, and assessment tools.
Time Three days
Frocedures
The first unit of the course syllabus was taught and the inquiry
method demonstrated by this researcher. Each teacher then taught a unit in turn untit all
units were completed. In this workshop, teachers gained experience learning in the way
we wanted the students to learn. From this workshop, all activities and laboratories were to
be reviewed and tested, repeatedly. After each of the learning units, teachers provided

feedback and reflected on the quality of the instructional activities, taboratories,

“assignments, classroom materials, and assessment tools.

1.4 Revision of the first draft of the high-school chemistry curriculum
A curriculum evaluation form with the first revised draft of the high-
school chemistry curriculum was sent to the previously mentioned specialists. These
persons reviewed the first revised draft of high-school chemistry curriculum and all teaching
documents for scrutinizing the quality of the components of the high-school chemistry
curriculum, such as laboratory and teaching-learning activities. The second revised draft
curriculum, based on suggestions made by the three groups of specialists, was then
composed.
1.5 Pilot study on the chemistry curricuium
This phase comprised 2 sections dealing with trying out the high-
school chemistry curriculum and preparation of the teachers to be observers in the
classroom.

1.5.1 Trying out the high-school chemistry curriculum
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The high-school chemistry curriculum was implemented in one
high-school chemistry classroom in Chachoengsao province. One of the teachers who
participated in the earlier workshop was the active chemistry teacher for this pilot study.

Objective

To implement the high-school chemistry curriculum in one
high-school chemistry classroom in Chachoengsao province as a try-out on a micro-scale.

Sampling

One teacher and 38 students involved in this curriculum
were from Benchama Rat Ransarit |} school in Chachoengsao province. Students were in
Mathayomsuksa 4 high-school level in Chachoengsao province, and enrolled in additional
science course during the 2003 academic year.

Time

The micro-scale trial of the high-school chemistry
curriculum, the content of which appeared in grades 10-12 of the Basic Education
Curriculum, occurred over thirty-six hours of teaching time (October), before the second
semester of the academic year in 2003.

Procedure

The high-school chemistry curriculum was implemented in
one high-school chemistry classroom in'Chachoengsao province as a try-out of the high-
school chemistry curriculum on a micro scale. The second revised draft of the high-school
chemistry curricufum was evaluated by using quaiitative research instruments. Qualitative
methods of science classroom observations and tape-recorded interviews with students
and teachers were used.

Tools

These research instruments were of 2 types: a) Science
Classroom Observations Checklist, and b) Student / Teacher Interview Questions.

The curriculum was revised before being used with the
sampling group in step 2.

1.5.2. Preparation of teachers to be observers in the classroom
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This phase was the preparation for teachers to be classroom
observers. Teachers were drawn from 3 schools: Benchama Rat Ransarit [} school,
Datdaruni school, and Puttirangsripiboon school and were given the training about
observing classroom activities of this curriculum try-out.

Objectives

To practice procedures about observing classroom
activities and the use of observation checklist form for implementation in the try-out of this
curriculum.

Sampling

The three teachers were from Benchama Rat Ransarit 1l
school, Datdaruni school, and Puttirangsripiboon school, respectively.

Time

The teachers as observers participated in thirty-six hours of
teaching in the pilot study school in phase 1.5.1. The observation checklist form, based on
suggestions by the above three teachers, was to be revised.

Procedure

This phase was the preparation of teachers as observers in
*order to train them in the observation of classroom activities and for a thorough
understanding of the topics in the observation checklist form by explaining expected
students’ behaviors in each learning unit. Later they observed classroom activities in the
pilot study school. Subsequently, they discussed the results of the observation. Finally, the
correfation coefficient (R) of the student observation checklist was computed after the
' revision was made,
Tools
Observation checklist form was used in this phase.
1.6 Revision of the final draft of the chemistry curriculum
The final phase was to write the final drait of the high-school chemistry
“curriculum. Based on the information and suggestions from the above observations, tests,
questionnaires, and interviews; a final draft version of the high-school chemistry curriculum

was made for implementation in step 2.



2. The implementation of the curriculum
This step was composed of 2 sub-steps: 2.1) preparation and pilot study
with the sampling group, and 2.2) revising the high-school chemistry curriculum
2.1 Small scale implementation of the high-school chemistry curriculum
This sub-step was composed of 2 phases: 2.1.1) preparation of high-
school chemistry teachers and 2.1.2) small scale implementation of the high-school
chemistry curriculum with a sampling group.
2.1.1 Preparation of high-school chemistry teachers

This phase was the preparation of teachers for using the high-
school chemistry curriculum. Teachers were introduced to the inquiry cycle approach,
tools, classroom management, and classroom assessments.

The high-school chemistry curriculum consisted of curricutum,
curriculum planner’s guide, students’ guide, lesson plan, and tests, and was developed
from the pilot study of step 2.1.2.

Objectives

To prepare high-school chemistry teachers to use the high-
school chemistry curriculum in three chemistry classrooms in Chachoengsao province in
order to investigate the efficiency of the curricuium.

Sampling

The three teachers and 112 students involved in this
curriculum were from Benchama Rat Ransarit [l school, Datdaruni school, and
Puttirangsripiboon school in Chachoengsao province.
Time
The preparation of high-school chemistry teachers covered
period of seven hours (one day) in October before the second semester of the academic
_year (2003) began.
2.1.2 Small-scale implementation of the high-school chemistry

curriculum with sample group

48
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The high-school chemistry curricutum consisted of curriculum,
curriculum planner's guide, students’ guide, lesson plan, and tests developed from trying
out this curriculum step.

The high-school chemistry curriculum was implemented in three
chemistry classrooms (approximately 112 high-schoal science students) in Chachoengsao
province, Thailand. The same teachers who attended the workshop and were involved in
implementing and evaluating the initial pilot draft curriculum also taught these classes.

Objectives

To implement the high-school chemistry curricuium in three
chemistry ciassrooms in Chachoengsao province in order to investigate the efficiency of the
curricuium.

Sampling
The three teachers and students involved in this curriculum were
from Benchama Rat Ransarit Il school, Datdaruni school, and Puttirangsripiboon school in
Chachoengsao province. 112 students involved in this study were from Mathayomsuksa 4
high-school level in Chachoengsao province and enrolled in additional science course
during the 2003 academic year.
Time
This revised curriculum consisted of thirty-six hours of teaching
time (between October and December) during the second semester of the 2003 academic
year. The. students in this study attended this course from 10.00 — 12.00 a.m. on Monday
and Friday for a total of four hours of classes per week.
Tools
The research instruments can be élassified into 5 groups: a)
\ Science Classroom Observation Checklist, b) Student / Teacher Interview Questions, c)
Student Learning Qutcome Test, d) Student Manipulative Skill Test, and e) Student
Questionnaire about the Inquiry Cycle Approach.

2.2 Completing the high-school chemistry curriculum
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This step was the final complete revision of the high-schooi chemistry
curriculum after trying it out. The revision was based on suggestions made by teachers

and on information received in each previous step.

Roles of persons of relevance
Step 1 Curriculum Design
The draft was examined in the content section, curriculum organization
section, and teaching-learning-activities section by 3 groups of specialists.
Role of the specialists
The specialists examined the appropriateness and relevance of
components of the curriculum, such as problem situations, curriculum objectives, and
learning objectives. These persons reviewed the draft of the high-school chemistry
curriculum and alt other teaching documents for quality and validity.
Preparation
invitations to specialists were made. Afterwards, the curriculum
evaluation form was sent to these persons together with the draft of the high-school
chemistry curriculum. The high-school chemistry teachers were from Benchama Rat
' Ransarit Il school in Chachoengsac province.
Role of high-school chemistry teachers
- One teacher involved in this curriculum study was from Benchama Rat
Ransarit || school in Chachoengsao province.
Implementation of the high-school chemistry curriculum in one high-
* school chemistry classroom in Chachoengsao province was made by a high-schoo!
chemistry teacher who carried out thirty-six hours of teaching (October) before the second
semester of the 2003 academic year, as indicated in 1.5.1.
- One teacher involved in this curriculum as observer in the classroom was
from Benchama Rat Ransarit Il schoo! in Chachoengsao province, as indicated in 1.5.2.
Preparation
- Administrators and heads of educational institutions were contacted for

permission.
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- Invitations to high-school chemistry teachers were made.
- " Workshop on developing the high-school chemistry curriculum

incorporating real-life situations with the inquiry cycle approach " was conducted.

Step 2 The Implementation of The Curriculum
High-school chemistry teachers in Benchama Rat Ransarit Il school, Datdaruni
school, and Puttirangsripiboon school in Chachoengsao province.
Role of high-school chemistry teachers
- Three teachers involved in this curriculum were from Benchama Rat
Ransarit Il school, Datdaruni school, and Puttirangsripitboon school in Chachoengsao
province, respectively.

The high-school chemistry curriculum was implemented in three high-
school chemistry classrooms in Chachoengsao province by the high-school chemistry
teachers who carried out thirty-six hours of teaching during the second semester of the
academic year (October- December 2003), as indicated in 2.1.1.

- There were six teachers involved in this step. Three of them were the
" observers and another three was the instructors. They were from Benchama Rat Ransarit ||
school, Datdaruni school, and Puttirangsripiboon school in Chachoengsao province,
respectively.

Classroom observations were comprehensive and followed the

Observation Checklist form on student and teacher actions and interactions.
\ Preparation
- Administrators and heads of educational institutions were contacted for
permission,
- Contacting invitation to high-school chemistry teachers made.
- " Workshop on developing a high-school chemistry curriculum

incorporating real-life siiations" was conducted.
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Design

The study was based on a pretest-posttest group design. Pre-classroom and
post-classroom student learning outcomes in concepts related to the inquiry cycle
approach were measured. The groups of learning outcomes consisted of content sections
that schools had self-selected through additional course registration before the semester
began. The students were assigned to do activities using curricuium materials with the

inquiry cycle approach incorporating real-life situations.

Samplings
Samplings in this research were composed of 2 sections as follows:
t. Curriculum design
Thirty-eight science students involved in this curriculum tryout from
Benchama Rat Ransarit Il school in Chachoengsao province were used. The students were
in Mathayomsuksa 4 high-school level in Chachoengsao province and enrolled in additional
science course during the 2003 academic year. The high-school chemistry curriculum
consisted of thirty-six hours of teaching time (October) before the second semester of the
2003 academic year, as indicated in 1.5.1.
2. The implementation of the curriculum
One hundred and twelve students involved in this curriculum were from
_Benchama Rat Ransarit I school, Datdaruni schoal, and Puttirangsripiboon schoot in
Chachoengsao province. Students were in Mathayomsuksa 4 high-school level in
Chachoengsao province and enrolled in additional science course during the 2003
academic year. The high-school chemistry curriculum consisted of thirty-six hours
(between October and December) during the second semester of the 2003 academic year,
. as indicated in 2.1.1. The additional science course was for students that educational
institutions created to f(Srm a new learning unit, or a variety of intensive courses that
students selected to satisfy their inclination, interest, needs or individual difference. To

control the time variable, the selected activities met about 4 periods per week.
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Materials
1. Curriculum
This was a Research and Development (R&D) composed of 2 steps as follows:
1.1 Curriculum design
This step related to the revision of fundamental educational information
and the existing curriculum with regard to curriculum structure, objectives, course content,
teaching-learning activities, teaching materials, and classroom assessment for drafting the
high-school chemistry curriculum. This comprised 6 phases as follows: 1.1) reviewing basic
information for developing and planning a high-school chemistry curriculum, 1.2) drafting
an initial high-school chemistry curricutum, 1.3) evaluation of the high-school chemistry
curriculum, 1.4} revision of the first draft of the high-school chemistry curriculum, 1.5) pilot
study the chemistry curriculum, and 1.6) revising the final draft of the high-school chemistry
curriculum.
1.2 The implementation of the curriculum
This was the step for investigating the effectiveness of the curriculum
when it was implemented to the sampling group. This consisted of 2 phases as follows: 1)
Small scale implementation of the chemistry curriculum and 2) completing the high-school
chemistry curriculum.
1 2. Curriculum’evaluation
This curriculum evaluation comprised 2 sections as follows: 1) curriculum
design and 2) the implementation of the curriculum.
2.1 Curriculum design
Related materials are:
- Data on reviewing an initial draft of the high-school chemistry
curriculum
- Data on science classroom observation checklist form
- Data on teacher/student interview questions
- Data on students’ learning achievement
" ".'Data‘on manipulative skills test

- Data on student questionnaire about the inquiry cycle approach
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2.2 The implementation of the curriculum
Related materials were:
- Data on science classroom observation checklist form
- Data on teacher/student interview questions
- Data on students’ learning achievement
- Data on manipulative skills test
- Data on student questionnaire about the inquiry cycle approach
3. Materials in two sections are explained below:
3.1 Questionnaire form for specialists about reviewing the initial draft of the
high-schoacl chemistry curriculum.
Purpose
1. To examine the appropriateness of components of the curriculum
2. To examine the relevance of components of the curriculum, such as
problem situations, curriculum objectives and learning objectives
Evaluation specialists
The guestionnaire was examined by 3 groups of specialists as follows:
1. Content secticn: by experienced high-school chemistry teachers
and university instructors
2. Curriculum organization section: by a science educational
administrator specialist, science educators, and a curriculum development specialist
3. Teaching-learning activities section; by a science educational
administrator specialist, science educators, experienced high-school chemistry teachers
and university instructors.
Evaluation tool
A curriculum evaluation form was sent to these specialists together with
the draft of the high-school chemistry curriculum. These persons reviewed the draft of high-
school chemistry curriculum and all teaching documents for quality and validity. A revision
of this draft curriculum, based on suggestions by the above three groups of specialists, was

composed.
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Tool developed
- Defining objectives of questionnaire form for specialists about
reviewing the initial draft of the high-school chemistry curriculum
- Developing questionnaire form
- Scrutinizing the quality of the questionnaire form
The guestionnaire form was examined by a science educator and
a curriculum development specialist.

- Subsequent revision was made.

3.2 Manipuiating skills observation checklist
Classroom observations were comprehensive and followed the observation
checklist form on student and teacher actions and interactions. A class was tape recorded
for reference purposes and additional notes for behaviors not appearing on the observation
checklist form. Information on classroom objectives, format, homework, and events also
were recorded. The observation form was designed to capture both general and specific
information.
Purposes
The purposes of these observations were two-fold: 1) to investigate how
teachers use activities, and how students make oral presentations. 2} to investigate how
capable students were in learning the content of chemical solutions incorporating inguiry
cycle approach involving real-life situations,
Sampling
Three teachers and 112 students involved in this curriculum were from
Benchama Rat Ransarit if school, Datdaruni school, and Puttirangsripiboon school in
Chachoengsao province. The number of students involved was 112, and they were in
Mathayomsuksa 4 high-school level in Chachoengsao province, enrolled in an additional
science course during the 2003 academic year.
Tool developed
- Defining objectives of science classroom observation

- Developing science classroom observation checklist form
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- Scrutinizing the quality of the “High-School Chemistry Classroom

Observation Checklist Form”
The science classroom observation form was examined by 4 groups:

a) science educators, b) curriculum development specialists, ¢) curriculum design
instructors, and d) experienced high-school chemistry teachers. The science classroom
observation was given to these persons together with Index of Item Objective Congruence
(10C) Assessment Form for assessing “High-School Chemistry Classroom Observation
Checklist Form”.

- The revision of the form was made subsequently

Observation data of student activities and actions in the classroom
were used for final revision of the high-school chemistry curriculum in step 2.2. The
observation form was intended to record classroom activities that reflected teachers'
instruction and students’ learning of cognitive activities, with a particular focus on learning
and memorizing strategies (Moely; et al. 1986: 54). Authentic classroom events during the
observation were audio-recorded and video-recorded. The following information was
recorded in this study: a) the actions and interactions of the students and teachers, b) the
actions and interactions of the students with each other, c) the students' responses to
questions, d) the teachers’ instruction, and e) classroom activities. This section also
recorded descriptions extracted from the tape recorder and video recorder for each
occurrence of speech, including what students expressed on the back of the observation
form. After the completion of each phase, the teachers and researcher discussed the
situation during instruction in order to adjust documents and lesson plans. The reliability of
the observation checklist was determined by using observation scores generated by the
researcher and additional scores from video recorder and tape recorder observation.
3.3 Student learning outcome test
Purpose
To investigate the effiectiveness of the high-school chemistry curricuium

from the student learning outcome test.
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Sampling
Students involved in this curriculum were from Benchama Rat Ransarit 1
school, Datdaruni school, and Puttirangsripiboon school in Chachoengsao province. The
number of students involved were 112, and they were in Mathayomsuksa 4 high-school
level in Chachoengsao province, enrolled in an additional science course, during the 2003
academic year.
Tool developed
- Defining objectives of student learning outcome test
- Developing student learning outcome test
- Scrutinizing the quality of the student learning outcome test

The student learning outcome tests were examined by 4 groups: a)
science educators, b) curriculum development specialists, ¢) curriculum design instructors,
and d) experienced high-school chemistry teachers. The student learning outcome test
was sent to these persons with the Index of item Objective Congruence (IOC) Assessment
Form for assessing the student learning outcome test. The revision was made
subsequently.

- Tryout with the sample group of students

The revised student learning outcome test was tried out with the
sample group of students. Kelly's 50 percent technique was used to analyze difficulty of
the knowledge part (Katesingh, W. 1990: 97-99). The difficulty value (p) was set at 0.2 - 0.8
and the discrimination value (r ) was 0.2 and higher.

- Computing reliability of the student learning outcome test by using KR-
20 (Kuder-Richardson). The revision was made subsequently.

A multiple-choice test was composed of four choice items. it
included content related to the learning units. A draft test produced in this study was used
as a pilot study test for additional science course students in October 2003 in Puttasothon
school in Chachoengsao province. The results of the test were used to determine the
discrimination index of each test item. The degree of difficulty was set at 0.2-0.8 and the
discrimination index was 0.2 and higher. A reliability test was computed by using KR-20

(Kuder-Richardson) (Katesingh, W. 1987 :139). Content validation of the test was done by
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two chemistry professors and one high-school chemistry teacher. The results showed
items accepted determined if the items accepted were appropriate for testing students.
The learning outcome test took 30 minutes to complete. This test
was used as both pre-test and post-test.
3.4 Questionnaire form of teachers about the Inquiry cycle approach for high-
school chemistry curriculum incorporating real-life situations
Purpose
To assess teachers opinions about the inquiry cycle approach for high-
school chemistry curriculum incorporating real-life situations.
Sampling
Teachers involved in this curriculum were from Benchama Rat Ransarit
Il school, Datdaruni school, and Puttirangsripiboon schoot in Chachoengsao province. The
number of teachers involved was 3 and they taught science in Mathayomsuksa 4 high-
school level in Chachoengsao province.
Tool developed
- Defining objectives of questionnaire form for teachers about the inquiry
cycle approach for high-school chemistry curriculum incorporating real-life situations.
- Developing questionnaire form for teachers
- Scrutinizing the quality of the questionnaire form for teachers
The questionnaire form for students was examined by 4 groups: a)
science educators, b) curriculum development specialists, ¢) curriculum design instructors,
and d) experienced high-school chemistry teachers. The questionnaire form for teachers
was sent to these persons with the Index of item Objective Congruence (I0C) Assessment
Form for assessing the questionnaire form for students.
- The revision was made subsequently
- The questionnaire form for teachers was taken with sample group
- The data was analyzed after data collection by using statistical
materials
- Examining average score used interpreting data as follow:

1.00-1.49 improve
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1.50-2.49  Fair
250-3.49 Medium
3.50-4.49  Good
4.50-5.00 Very good

3.5 Questionnaire form of students about attitudes and feelings toward the inquiry
cycle approach
Purpose
To assess student attitudes and feelings toward the inquiry cycle
approach.
Sampling
Students involved in this curriculum were from Benchama Rat Ransarit 1!
school, Datdaruni school, and Puttirangsripiboon school in Chachoengsao province. The
number of students involved was 112, and they were in Mathayomsuksa 4 high-school level
in Chachoengsao province, enrolled in an additional science course during the 2003
academic year.
Tool developed
- Defining objectives of questionnaire form for students about attitudes
and feelings toward the inquiry cycle approach
- Developing questionnaire form for students
- Scrutinizing the quality of the questionnaire form for students
The questionnaire form for students was examined by 4 groups: a)
science educators, b) curriculum development specialists, c) curriculum design instructors,
and d) experienced high-school chemistry teachers. The questionnaire form for students
was sent to these persons with the Index of Item Objective Congruence (FOC) Assessment
Form for assessing the questionnaire form for students.
- The revision was made subsequently
- The questionnaire form for students was taken with sample group
- The data was analyzed after data collection by using statistical

materials
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- Examining average score as follow used interpreting data as follow:
1.00-1.59 Improve
2.00-259 Good

3.00 up Very good

3.6 Questionnaire form of students about learning assessment in scientific mind
section
Purpose
To assess students about learning assessment in scientific mind section
Sampling
Students involved in this curriculum were from Benchama Rat Ransarit |1
school, Datdaruni school, and Puttirangsripiboon school in Chachoengsao province. The
number of students involved was 112, and they were in Mathayomsuksa 4 high-schoaol level
in Chachoengsao province, enrolled in an additional science course during the 2003
academic year.
Tool developed
- Defining objectives of questionnaire form for students about learning
assessment in scientific mind section
- Developing questionnaire form for students
- Scrutinizing the quality of the guestionnaire form for students
The questionnaire form for students was examined by 4 groups: a)
science educators, b) curriculum development specialists, ¢) curriculum design instructors,
and d) experienced high-school chemistry teachers. The guestionnaire form for students
was sent to these persons with the Index of ltem Objective Congruence (I0C) Assessment
Form for assessing the questionnaire form for students.
- The revision was made subsequently
- The guestionnaire form for students was taken with sample group
- The data was analyzed after data collection by using statistical
materials

- Examining average score as follow used interpreting data as follow:
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1.00-1.59 Improve
200-259 Good
3.00up Very good

Data analysis
This step consisted of two phases as follows: 1) curriculum design and 2)
curriculum implementation.
1. Curriculum design
1.1 Data
Related materials were:
- Data on reviewing an initial draft of the high-school chemistry
curriculum
- Data from science classroom observation checklist form
- Data from teacher/student interview questions
1.2 Data analysis

In the second phase, the data were analyzed after data coilection by
using statistical materials as follows:

1.2.1 Descriptive data regarding the evaluation of satisfaction of the
high-school chemistry curriculum from reviewing an initial draft of the high-school chemistry
curriculum were computed by using frequency and percentage.

1.2.2 Descriptive data regarding the evaluation of satisfaction of the
high-school chemistry curriculum from science classroom observation checklist were
computed by using frequency and percentage.

1.2.3 Descriptive data regarding the evaluation of satisfaction of the
high-school chemistry curriculum from teacher/student interviews were computed by using
frequency and percentage.

2. The implementation of the curriculum
2.1 Data
Related materials were:

- Data from science classroom cbservation checklist form
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- Data from teacher/student interview questions

- Data on student learning outcome test

- Data on manipulative skill test

- Data on student questionnaire about inquiry cycle approach
2.2 Data analysis

In the second phase, the data was analyzed after data collection by
using statistical materials as follows:

2.2.1 Descriptive data regarding the evaluation of satisfaction of the
high-school chemistry curriculum from science classroom observation checklist were
computed by using frequency and percentage.

2.2.2 Descriptive data regarding the evaluation of satisfaction of the
high-school chemistry curriculum from teacher/student interview were computed by using
frequency and percentage.

2.2.3 The difference analysis of the learning outcome test scores, before
and after the use of the high-school chemistry curriculum, was done by computing a
dependent t-test.

2.2.4 The difference analysis of the manipulative skill test scores, before
and after the use of the high-school chemistry curriculum, was done by computing a
dependent t-test.

2.2.5 Descriptive data regarding the evaluation of satisfaction of the
high-school chemistry curriculum from student questionnaire about inquiry cycle approach

was computed by using frequency and percentage.



CHAPTER 4
RESULTS

This chapter presents the results of data analyses on the topic “Developing high-
school chemistry curriculum using inquiry cycle approach incorporating real-life situations”.
This presentation includes: (1) curriculum design, and (2} the implementation of the

curriculum as follows:

Step 1 Curriculum design
Developing the high school chemistry curriculum by using the inquiry cycle
approach incorporating real-life situation comprises 6 steps, as follows:
1.1 Review of the basic information for developing a chemistry curriculum
1.1.1 Investigating related documents and research work
Documents and research works, such as curriculum development,

teaching - learning processes, the importance of chemical solutions as perceived by the
local community, and the inquiry-based teaching-learning process were investigated.
Curriculum development was composed of 2 steps: 1) curriculum design and 2)
implementation of the curriculum. This curriculum is based on the topic of chemical
solutions as they apply to the environmental problems of Chachoengsao province. This
enabled the students to realize the vital link between of the contents of chemistry and
environmental problems, thus studying both content and scientific processes (Appendix A).

1.1.2 Analyzing learning outcomes and standard 3 (properties of matter) of
all levels (grades 1-12) related to Thailand's Basic Education Curriculum, 8.E.2544 (A.D.
2001) (MOE. 2002)

Analyses of tearning outcomes and standard 3 (properties of matter) of

all levels (grades 1-12) related to Thailand's Basic Education Curriculum, B.E.2544 (A.D.
2001} (MOE. 2002) were developed for use in the brainstorming workshop for 8 high-school
teachers and researchers on 24-25 July 2002 at Rajabhat Rajanagarindra University. The
results concluded that learning outcomes and standard 3 in all levels correspond to the

objectives of Thailand's Basic Education Curriculum, B.E.2544 (A.D. 2001) (Appendix B)
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1.1.3 Interviewing local resource persons about local wisdom and local

environmental problems in everyday life in Chachoengsao province, Thailand
Interviewing 18 local resource persons: 5 agriculturists, 5 government

officers from an educational institute, 2 government officers from the Office of Land
Development, 3 specialists in the community and 3 community persons was done. This
interview on 27 — 29 July 2002, the results concluded that the most common environmental
problem in the community of Chachoengsac was soil salinity {Appendix C).

1.1.4 Analyzing and reviewing the content of chemistry related to scil salinity

Analyze and review the content of chemistry related to soil salinity that
resulted from the brainstorming workshop for 8 high-school teachers and integrate into the
life experiences taken from the interview data of local resource persons. These analyses
were developed in separate 6 learning units, as follow: a) Environmental problems in
Chachoengsao, b} How to explain soil salinity?, c) Measurement units of concentration of
chemical solutions, d) Preparation of chemical solutions, e) Sciving problems of salinity soil,
f} Application of using chemical solutions in real-life situations (Appendix D). Additionally,
the lesson plans were developed for each learning unit.
1.2 Drafting the structure of the real - life high school chemistry curriculum

The structure of draft, which incorporated the real - life situations with inquiry
cycle approach, was developed for use in the workshop: “ Workshop on developing a
high-school chemistry curriculum incorporating real-life situations with an inquiry cycle
approach”. There were 8 participants in the workshop: 5 high-school chemistry teachers
from Chachoengsao province, 1 curriculum developer, 1 science educator, and 1
researcher. This draft and basic information from the first step of the designed high-school
chemistry curriculum was reviewed by those participants. The objective of this workshop
was to develop quatity of learning management, helping teachers and participants
understand Thailand's Basic Education Curriculum, B.E.2544 (A.D. 2001), and realize the
importance of institute curriculum. This chemistry curriculum was categorized into 6;
Rationale and Justification, Principles of Curriculum, Objectives, Content of Curriculum,
Learning Units, and Lesscn Plans.

Content of chemistry curriculum stresses the following concepts:



65

1. This chemistry curriculum emphasizes the content of chemistry by
using an inquiry cycle approach incorporating real-life situations.

2. This chemistry curriculum required all teachers to plan learning
activities together.

3. This chemistry curriculum encouraged students to develop and learn
by themselves continuously.

Obijectives of chemistry curriculum were as follow:

1. Tounderstand the learning outcome in science on the topic of
chemical solutions and can apply the new knowledge to real-life situations.

2. To use scientific knowledge for decisions in real-life problems.

3. To develop the manipulative skill necessary for work in science
laboratory.

4. To have a scientific mind for learning science.

The follow-up sample of 3 schools in Chachoengsao provided the research
data for a total of 112 participating students in Matayomsuksa 4, Benchama Rat Ransarit ||
school, Datdarunee school, and Puttirangsripiboon school in second semester of the 2003
academic year, The implementation for the 6 learning units was done in 9 weeks, each
week taking 6 hours with the total of 36 hours. Six hours were used in each unit (Appendix
E).

The content emphasized the preparation of chemical solutions in
Matayomsuksa 4, and on the manipulative skills to solve the most common problems in soil
salinity. The teaching and learning methodology focus on the students’ learning outcomes,
especially understanding scientific knowledge and decision making to solve the real-life
problems by using the inquiry cycle approach. The factors of curriculum were examined
for the relevance by using education specialists, for example objectives and lesson plans,
objectives and evaluations, etc.

1.3 Evaluation of the high-school chemistry curriculum
Evaluation of the high-school chemistry curriculum for implementation by using
3 groups of specialists: 1) experienced high-school chemistry teachers and university
instructors examine the accuracy of content; 2) a science educator, curriculum

administrator, and curriculum development specialist examine the steps of curriculum
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development, and 3) science educators examine the processes of teaching-learning
activities. The tools for the examination in each group were curriculum evaluation forms
{Appendix F).

The results of analyses conciuded that each factor of curriculum had
relevance with the other that had an Index of ltem Objective Congruence (I0C) in high level
about 0.75 to 1.00 (Appendix L).

1.4 Revision of the first draft of the high-school chemistry curriculum

The first revision of the high school chemistry curriculum was based on the
specialists’ recommendations. Then implementation of the high-school chemistry curriculum
pilot studies with samples in the micro scale level was implemented.

1.5 Pilot study of the high school chemistry curricutum

Pilot study means trying out the high school chemistry curriculum on a micro
scale level. The objective of this step was to try out the high school chemistry curriculum in
micro scale and to prepare teachers as observers in the classroom. The pilot study is
implemented with 28 student respondents in Matayomsuksa 4 from Benchama Rat Ransarit
il school, Chachoengsao , on 1 - 12 November 2003. This lasted 36 hours. For the duration
of this trial implementation of the curriculum, three teachers were prepared to be observers
of the learning activities and students’ behavior. The objectives of this step were to practice
the teachers’ skills on how to observe the procedures of classroom activities and how to
use the observation checklist form correctly.

The preparation of teachers step, the researcher instructed the teachers to
1) be the observer both in microscale level and in classes during the implementation step,
(2) use the lesson plan by using the inquiry cycle approach that incorporated the real-life
situations and processes of learning activities, (3) use manipulating skills form in observing
laboratory skills, (4) analyze the confident level of observation and evaluation form.

The result of implementing the high school curriculum in micro scale level
concludes that teachers can make better lesson plans. For the duration of the
imptementation of this curriculum, teachers can use criterion in evaluating students’
behaviors correctly and understand the roles of observers. Then the teachers are

interviewed regarding the use of the observation evaluation form. These results reveal that
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teachers had confidence to be observers and understand their roles with a confidence level
of 0.7746.

The result of interviewing 12 students concluded that students were
interested in the content of chemistry, because they could easily study, enjoyed doing their
activities, understand environmental problems in local areas, and integrated their
experiences with course content. However, the students had problems with the lack of
resources and shortage of time for doing activities. The results of the curriculum
implementation in micro scale tevel and interviews were used for the improvement of the
curriculum in the next step.

1.6 Revision of the final draft of the chemistry curriculum

The results of the pilot study step and recommendations for improving the
chemistry curriculum in the second lesson plan (How to explain seil salinity?) suggested
increasing the range of time by doing activities within 6 to 7 hours and increasing the
amount of materials necessary for doing the activities, The improvement of the curricuium
in this step was composed of 6 components: rationale and justification, principles of
curriculum, objectives, content of curriculum, learning units, and lesson plans. An

improved curriculum was used with real-samples in the second step.

Step 2 The implementation of the curriculum
The implementation of the curriculum on the topic of chemical solutions by using
inquiry cycle approach that incorporate the real-life situations was composed of 2 steps,
2.1 Small scale implementation of the chemistry curriculum

2.2) Completion of the high-school chemistry curriculum.

2.1) Small-scale impiementation of the chemistry curriculum
This step was composed of 2 sub-steps as follow:
2.1.1 Examination of the completion before the implementation step
The completeness of the implementation curriculum is examined for
knowledge and understanding of the teacher's role in the inquiry cycle activities, using

scientific instruments and laboratory techniques, preparation of tools and materials in



68

learning activities and examining hypothesis. This curriculum was used with students in

Matayomsuksa 4, as shown in Table 1

Table 1 List of samples and periods of time in implementation step on the topic of chemical

solutions by using an inquiry cycle approach incorporating real — life situations.

Name of school Number of Period of implementing curricuium
students
1. Benchama Rat Ransarit Il 35 16 November 2003 - 8 January 2004
school
2. Datdarunee school 37 15 November 2003 — 8 January 2004
3. Putirangsripiboon school 40 16 November 2003 — 8 January 2004
Total 112

2.1.2 Implementing curriculum step

Implementing curriculum step was used with samples as follows in
Table 1. Collecting data was used to examine the research hypothesis by using a student
learning achievement test before and after the study of learning units, a student opinion
questionnaire about inquiry cycle approach, and a scientific mind test. Additionally, a
science classroom observation checklist form and manipulating skill test were also

implemented. The result supported the hypothesis, as follows:

The first hypothesis
The first hypothesis states that “students’ learning achievement score after
the study of iearning units incorporating real-life situations by using inquiry cycle approach
is higher than before the study” The data from the student learning achievement test
(Appendix G) before and after the study of learning units were used and examine the
hypothesis with 112 students in 3 schools. The mean and standard deviations of scores

were obtained, as shown in Table 2.
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Table 2 Learning achievement score before and after the study of fearning units (n = 112)

Name of school ? S.D.

Before After Before After

Benchama Rat Ransarit Il 9.84 27.30 1.75 1.83

school (n =35)

Datdarunee school {n =37) 7.45 29.48 2.05 1.78
Putirangsripiboon school 6.21 27.23 2.34 2.15
(n =40)

Data obtained from 112 students in 3 schools, as shown in Table 2, conclude that
score from students’ learning achievement tests after the studying of learning units
incorporating real-life situations by using the inquiry cycle approach is higher than before
the study.

From data in Table 2, a t-test dependent was used with this data and the results of

the analysis of data as shown in Table 3:

Table 3 The result of the analysis of learning achievement score before and after the study

of learning units (n = 112)

items X S.D. S.D. t
Before implementing curriculum 7.82 2.04 1.75 23.7234*
After implementing curriculum 28.00 1.92
(* P <0.05)

The result of data analysis of all schools examination (Table 3), concluding that
scores from students’ learning achievement tests after the study of learning units
incorporating real-life situations using inquiry cycle approach are significantly higher than
before.

Thus the results of the learning achievement tests before and after using chemistry
curriculum show that students’ learming achievement improves and supported the first

hypothesis.
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The second hypothesis
The second hypothesis states that “students' manipulative skill score after
the study of learning units incorporating real-life situations by using inquiry cycle approach
is higher than before the implementation this curriculum.” Examining the hypothesis is used
with data from the manipulative skill test before and after the study of learning units. The
manipuiating skill test (Appendix H) is used with 112 students in 3 schools by 3 teachers.
The scores, average scores, percentage, difference of average score, and standard

deviations are obtained by different schools, as shown in Table 4.

Table 4 Authentic assessments score of science laboratory skill section in learning activities

of teacher who is observer (n = 3).

Authentic assessment score of science laboratory skill
Name of schools section

Total  Average score  Difference of

score (before/ after) average SD
score
Benchama Rat Ransarit |l 42 20/35.34 15.34 0.65
school
Datdarunee school 42 24 141.06 17.06 0.73
Putirangsriptboon school 42 13/38.72 2572 0.54
Total 42 19/38.71 19.37 0.79

The result of the data analysis in Table 4 concludes that students' manipulative skill
score after the study of learning units incorporating real-life situations using the inquiry
cycle approach is higher than before the implementation of this curriculum. The confidence
limit level of the manipulating skills in the learning activity is 0.8443.

Table 4, t-test dependent was used with this data and the results of the analysis of

data as shown in Table 5;
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Table 5 Authentic assessment score of manipulative skills in learning activity of teachers as

observers (n = 3)

Authentic Average score Difference of SD t
assessment Before After average score
score of science 19 38.71 19.37 0.79 21.4128*

laboratory skill

{before/ after)

(* P <0.05)

From Table 5, the result of data analysis by examining 3 schools concluded that
students' manipulative skill scores after the study of learning units incorporating real-life
situations by using the inquiry cycle approach is significantly higher than before the
implementation of this curriculum.

Thus the results of the students' manipulative skill before and after using the
chemistry curriculum showed that students’ manipulative skills were improved and

supported the second hypothesis,

The third hypothesis

The third hypothesis states that * students’ opinions about inquiry cycle
approach for high-school chemistry curriculum incorporating real-life situations have a
score above certain level"(Average score between 2.51 and 3.00).

The hypothesis was examined by using data from students’ questionnaires
after using this chemistry curriculum on the topic of chemical solutions by using inquiry
cycle approach incorporating real-life situations (Appendix |). This questionnaire was used
with 112 students in 3 different schools, The data from the questionnaires was examined
and compared with a standard score with a high level, which is equivalent to 2.51 up. The
mean of scores, standard deviations, and difference of mean were obtained by schools, as

shown in Table 6.
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Table 6 Students’ opinion score from questionnaires about chemistry curriculum by using
an inquiry cycle approach incorporating real - life situations after implementing this

curriculum.

Name of schools X s.D.
Benchama Rat Ransarit 2 school (n = 35) 2.57 0.64
Datdarunee school (n = 37) 252 0.71
Puttirangsripiboon school (n = 40) 2.51 0.74

Data obtained from 112 students in 3 schools, as shown in Table 6, indicated that
students’ opinions about the inquiry cycle approach for high-school chemistry curriculum
incorporating real-life situations had a score above a certain level {average scores is equal
2.51 up).

From the data in Table 6, t-test dependent is used with this data and the results of
the analysis of data as shown in Table 7:

Table 7 Students’ opinion score from questionnaires about chemistry curricutum by using
the inquiry cycle approach incorporating real - life situations after implementing this

curriculum {n = 112)

x|

ltem S.D. t

Students’ opinion from 2.53 0.72 21.8105*
questionnaires about

chemistry curriculum

(*P<0.05)
The results of data analyses in Table 7 by examining all schoois concluded that
scores from students’ opinions about the inquiry cycle approach for high school chemistry
curriculum incorporating real-life situations are above a certain level significantly (average

score between 2.51 and 3.00).
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Thus the resuits of students’ opinions show that students' opinions were positively

improved and supported the third hypothesis.

The fourth hypothesis

The fourth hypothesis states that “teachers’ opinions about inquiry cycle
approach for high-school chemistry curriculum incorporating real-life situations have a
score in good level” (average score between 3.51 and 4.50).

The data from the teachers' questionnaire after the study of learning units
(Appendix J) was used for examining hypothesis. This teachers’ questionnaire was used
with 3 teachers in 3 different schools. The opinion questionnaire for teachers was
composed of 31 items in separate 3 sections as follows: 1} Envircnment of location section
with 5 items, 2) inquiry learning activities section with 19 items, 3) general behaviars of
student with 7 items. Teachers’ behaviors in 3 different schools were examined, weighed
scores, and compared with standard scores in high level that is equal above 3.51. The
mean of scores and standard deviations were obtained by items of teachers' questionnaire,

as shown in Table 8.

Table 8 Teacher behavicr score after implementing chemistry curriculum 3 schools by

examining each sections of guestion {(n = 3)

Items X 5.D.
Environment of location section 3.61 0.72
Inquiry learning activities 4.48 0.74
General behaviors of students 4.00 0.72

Data obtained from 3 teachers in 3 schools, as shown in Table 8 indicated that
teachers' opinions about the chemistry curriculum using the inquiry cycle approach
incorporating real-life situations after the implementation step have a score in good level

(average scores between 3.51 and 4.50).
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From the data in Table 8, t-test dependent was used with this data and the results of

the analysis of the data as shown in Table 9.

Table 9 The result of assessment about styles of teachers' teaching behaviors after the

implementation step (n=3)

{tem X S.D. t

Assessment about teachers' 4.03 0.58 23.6417*
teaching behaviors after the

implementation step

(* P <0.05)

The result in Table 9 by examining all schools indicated that teachers' opinions
about the chemistry curriculum using the inquiry cycle approach incorporating real-life
situations after the implementation step have a score in high level significantly {(average
scores between 3.51 - 4.50).

Thus, from the teachers' opinions after using the chemistry curriculum showed that
teachers' opinions about the chemistry curriculum by using the inquiry cycle approach

incorporating real-life situations were positive and supported the fourth hypothesis.

The fifth hypothesis

The fifth hypothesis states that “students’ scientific mind component after
the study of learning units incorporating real-life situations using inquiry cycle approach has
a score above certain level”.

The hypothesis was examined with data taken from the learning assessment
form in the scientific mind section after implementing the chemistry curriculum.  This
assessment form was composed of 3 items: thinking toward learning sciences, feelings
toward sciences, and realizing the benefits of sciences (appendix K), and was used with
112 students in 3 different schools. The mean of scores and standard deviations were

obtained by schools, as shown in Table 10.
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Table 10 Scores of learning assessment in scientific mind section of students after
implementing the chemistry curriculum by using the inquiry cycle approach

incorporating real- life situations {n = 35)

Name of schools X S.D.
Benchama Rat Ransarit 2 school {(h = 35) 2.54 0.73
Datdarunee school (n = 37) 275 0.74
Puttirangsripiboon school {n = 40} 2.81 0.67

Data obtained from 112 students in 3 different schools, as shown in Table 10,
conclude that students’ scientific mind scores after the study of learning units incorporating
real-life situations by the using inquiry cycle approach are above a certain level (average
score is above 2.51).

From data in Table 10, t-test dependent is used with this data and the results of the

analysis of the data as shown in Table 11.

Table 11 Scores of learning assessment in the scientific mind section of students after
implementing the chemistry curriculum by using the inquiry cycle approach

incorporating real — life situations. (n = 112)

ltem X S.D. t

Learning assessment in 2.67 0.55 19.2911*
sciertific mind section of
students after implementing

chemistry curriculum

(* P <0.05)
The result of the data analysis in Table 11 indicated that students' scientific mind

scores after the study of tearning units incorporating real-life situations by using an inquiry
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cycle approach are above a certain level significantly (average score is above 2.51). Thus,
the students’ scientific mind scores show that learning in students’ scientific mind had
positively improved after implementing the chemistry curriculum by using the inquiry cycle

approach incorporating real-life situations and supported the fifth hypothesis.

By examining the research hypotheses, it can be concluded that:

{1) Students’ learning achievement score after the study of leamning units
incorporating real-life situations by using the inquiry cycle approach is higher than befere
the study.

{2) Students’ science manipulative skill component after the study of
learning units incorporating real-life situations using the inquiry cycle approach is higher
than before the study.

(3} Students' opinions about inquiry cycle approach for high-school
chemistry curriculum incorporating real-life situations have a score above certain level.

(4) Teachers' opinions about inquiry cycle approach for high school
chemistry curriculum incorporating real-life situations have a score above certain level.

(5) Students' scientific mind component after the study of learning units
incorporating real-life situations by using the inquiry cycle approach has a score above
certain level.

Data from the analyses and questionnaires are used to revise the curriculum in step
2.2 next.
2.2 Completing the high school chemistry curricuium,
Revising the chemistry curriculum on the topic of chemical solutions by using
an inquiry cycle approach incorporating real ~ life situations forms 2 sub-steps, as follows:

2.2.1 Meeting chemistry teachers to assess the implementation of the
curriculum

Brainstorming workshop for 3 high-school teachers and the researcher
was done on 8 January 2004 at Rajabhat Rajanakrarindra University, Chachoengsao
province. The objectives of this workshop were to assess the implementation of the
revision of the chemistry curriculum and collecting recommendations from high-school

teachers to further develop curriculum, such as teaching administration and content
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management. The meeting recommend that time allocation should be adjusted according
to number of students vs activities and materials.
2.2.2 Revising chemistry curriculum
The curriculum was revised following the recommendation of high-
school teachers as follows:

(1) The curriculum was revised to be composed of 6 parts as follows:
rationale and justification, principles of curriculum, objectives, content of curriculum,
leamning units, and lesson plans instead of 7 parts from the original,

(2) The timing of the lesson unit 2 (How to explain salinity of scil) was
adjusted to be 7 hours according to the number of students vs activity and materials.

(3) Learning outcome units

3.1 The learning cutcome of unit 1 on the topic of the
environmental problem in Chachoengsac was revised in the engagement step of inquiry
cycle where students are recommend to interview local persons in their community about
environmental problems or local problems before the activities in the learning outcome of
unit 1. This will serve as general information and background of the students’ community to
activate their interests toward real - life situations before encountering activities in the
classroom.

3.2 The learning outcome of unit 4 on topic of preparation of
chemical solutions is revised in the inquiry cycle as exploration step such that before the
laboratory in each section, students should examine that each step of the laboratory activity
for errors. Thus, students will learn to check procedures and equipment before beginning
an experiment.

3.3 The learning outcome unit of 5 on the topic of solving
prablems of salinity soil is revised in the steps of the inquiry cycle as elaboration step to
assist the students in transferring and publicizing their knowledge about solving the
problem of saline soit with people in their community, or exchanging opinions, real - life
situations, and recommendations with people in their community. This is to activate
students’ recognition of local problems and prepare them to solve these in the future. Also,
the researcher interviewed high — school teachers about learning activities with opened —

questionnaires about learning activities in chemistry after using this curriculum to support
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the opinions of teachers as observers in the classroom and check research hypotheses.
The interview was composed of 4 parts as follows: location of learning activities, problems
of learning management, need of high schools in management of learning activities, and
benefits of management of inquiry fearning activities. Respondents for the interview were
high school teachers from 3 high schools: Banchama Rat Ransarit It school, Datdarunee
school, and Putirangsripiboon school. The results of the interviews were:
1. Location of learning activities
- Preparation of learning activities
Adequate preparation prior to the management of learning
activities was recommended by high school teachers, such as reviewing the chemistry
content and the steps of inquiry activities. Teachers should also practice by using the
scientific tools and by instructing their students. Modern resources and materials are
important for learning activities to motivate the students. The location of the learning
activities should also be convenient for good academic position and resource center.
- Learning activities management
Limited the number of students in this kind of activity is important
to ensure the best learning outcome. It is easy to implement the outlined activities in
systematic order. The steps of the outlined activities are a prerequisite for the students to
continuously understand their lesson. In addition, teachers should motivate and encourage
students to study and follow the learning activities incorporating real - life situations and
using the inquiry cycle approach for improving their learning behaviors.
- Assessment of using the inquiry cycle approach in learning activities
The method of assessment for the inquiry cycle activities can help
teachers to gain confidence in evaluating their students’ behavior correctly and examining
every issue related to learning activities. Teachers can help in evaluating activity and
advise their students of ways to improve their studies. Lastly, the learning outcomes of
these activities are for the development of the students and to upgrade their knowledge by
participation these activities.
The main objective of these learning activities is to motivate the

students in their ideas and opinions of what they have learned. Asking questions is one of
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the processes to show the learning outcome of the activities. Limiting the number of
students and increasing the time of activities should be planned for the best results.

2. The problem of management about learning and teaching

Problem based learning can be generally described as being centered

around the task of solving a problem. It is also a way to describe the approach to
curriculum, which is problem centered rather than discipline centered. The results of the
classroom management section serve to find ocut the preferred style most suitable to the
students’ learning activities. The successful teacher is one who can evaluate a situation and
then apply the appropriate style. Remember the intent of these learning activities is to
inform the students and teachers to arouse their curiosity regarding classroom
management styles.

3. Need of teachers about learning activities.

The teachers’ needs should be concerned by the school management.

This is for the better teaching methodology for the welfare and benefit of the students. Their
needs are as follows: modern scientific tools, standard laboratory rooms, textbooks,
documents, teachers’ assessment forms, and appropriate teaching time management.

4. Management of inquiry cycle activities

Management of the inquiry cycle activities can help students to develop
their ideas and interest in learning. The students can be encouraged to show their opinions
and exchang their ideas about real — life situations where knowledge of chemistry can hefp
them formulate plausible solutions. They will learn to search for and survey information from
academic resources, develop their observation skills, and laboratory planning
systematically. Students can solve problems and search for knowledge independently,
become responsible, and listen to the opinions of others, as well as present their own ideas.,
The objectives of the research were to develop a chemistry curriculum

on topic of chemical solutions by using an inquiry cycle approach incorporating real — life
situations and assessment of students’ learning outcome, The results of the data analysis
cover all research objectives by implementing the chemistry curriculum on a micro scale
with students that can follow the lesson plan well and study chemistry content easily. For
the pilot study group, students’ learning achievement and manipulative skill scores in

learning activities incorporating real-life situations by using the inquiry cycle approach was
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higher than before implementing the curriculum. Besides students’ learning achievement
and manipulative skill scores, interviews of students and teachers were conducted.
Students’ opinions about the inquiry cycle approach for high-school chemistry curriculum
incorporating real-tife situations and students’ scientific mind had scores above certain
level. Teachers’ opinions about the inquiry cycle approach for high school chemistry
curriculum incorporating real - life situations had a score above certain level that relates to

research hypothesis.



CHAPTER 5
CONCLUSIONS AND DISCUSSION

This chapter presents the key results which are related to the hypotheses, followed
by a discussion of these in the related research studies on curriculum development in real -
life situations and teaching - learning process focused on inquiry cycle approach. The
classroom implications are outlined, along with some recommendations for improvement

science teaching — learning process and further research.

Research Objectives

The objectives of this study were: (1} to develop a high-school chemistry curriculum
incorporating real-life situations by using inquiry cycle approach; {2) to evaluate students’
learning outcomes after finish studying high-school chemistry classes that incorporate real-
life situations by using inquiry cycle approach; and (3} to investigate teachers’ and
students' opinions on the implementation of high-school chemistry curriculum incorporating
real-life situations by using inquiry cycle approach. The methodology of pilot study and key
findings of the results or conclusions presented in this research can be summarized as

follows:

Methodology
Methodology of developing high-school chemistry curriculum incorporating real-life
situations composed of 2 steps as follows:
Step 1 Curriculum design
This step was conducted to review basic information, to analyze this
information, and to draft the structure of real — life high school chemistry curriculum on the
topic of chemical solutions that composed into 6 steps, as follows:
1.1 Reviewing basic information for developing the chemistry curriculum
Reviewing basic information for developing the chemistry curriculum
consisted of 4 categories: (1) investigating related documents and research works, (2)
analyzing learning outcomes and sub-standard 3 (Properties of Matter) of all levels (grade 1

- 12) related to Thailand's Basic Education Curriculum, B.E. 2544(A.D.2001) , (3)
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interviewing local resource persons about local wisdom and local environmentat problems
in everyday life in Chachoengsao province, Thailand, and (4) analyzing and reviewing the
content of chemistry that is related to soil salinity.
1.2 Drafting the structure of real - life high-school chemistry curriculum
Drafting the structure of real - life high-school chemistry curriculum by
using inquiry cycle approach was developed for use in the workshop: "Workshop on
developing a high-school chemistry curriculum incorporating real-life situations with inquiry
cycle approach”.
1.3 Evaluation of the high-school chemistry curriculum
Evaluation of the high-school chemistry curriculum was taken by 3
groups of specialists:- (1} experienced high-school chemistry teachers and university
instructors to examine the accuracy of content ; (2) science educator, curriculum
administrator, and curriculum development specialist to examine the steps of curriculum
development, and (3) science educators o examine the processes of teaching-learning
activities. The tools of examining in each group were curriculum evaluation forms.
Coliecting data was analyzed by researcher such as the mean of scores, standard
deviations, and Index of Item Objective Congruence (IOC).
1.4 Revising the draft of the high-school chemistry curriculum
Revising the draft of the high-school chemistry curriculum was based on
specialists’ recommends and the results of examining real - life high schoal curriculum.
Then the high-school chemistry curriculum was implemented with 3 sample schools in
micro scale level.
1.5 Pilot study the high-school chemistry curriculum
Pilot study the high-school chemistry curriculum composed of 2 sub-
steps: (1) Trying out the high — school chemistry curriculum, and (2) Preparing teachers to
be observers in learning activities and students’ behaviors.
1.5.1 Trying out the high -~ school chemistry curriculum
Trying out the high ~ school chemistry curriculum was conducted
with 28 students in Matayomsuksa 4 at Benjamaratrangsarit 2 school, Chachoengsao in 1 -

12 November 2003 which was taken 36 hours.
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1.5.2 Preparing teachers to be observers in learning activities and

students’ behaviors
Preparing teachers to be observers in learning activities and
students’ behaviors was conducted every week. The objectives of this step were to
practice the teachers to know how to observe the procedures of classroom activities and
how to use the observation checklist form correctly.
1.6 Improvement of chemistry curriculum
Improvement of chemistry curriculum was conducted by using the results

of pilot study step and participants’ recommendations.

Step 2 Curriculum Implementation
This step was conducted to implement high-schooel chemistry curriculum that
composed of 2 steps, as follows:
2.1) Implementing high — school chemistry cumculum step
Implementing high — school chemistry curriculum step is conducted
to investigate the efficiency of the high — school chemistry curriculum.
2.2) Completing the high-school chemistry curriculum step
Completing the high-school chemistry curriculum step is conducted
to revise the perfect prototype, followed by recommendation from high-school teachers,

researchers and students.

Conclusion

Step 1 Curricutum Construction
Developing high-school chemistry curriculum using inquity cycle approach
incorporating real-life situation composed of 6 steps, as follows:
1.1 Reviewing basic information for developing a chemistry curriculum composed of
1.1.1  Investigating related documents and research works
Investigating related documents and research work concluded that
developing curriculum conclude that Interested developing curriculum is developing

curriculum incorporating real-life situation using inquiry cycle approach, which incorporated
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between contents of chemical solution and the environmenta! problems of Chachoengsao
province, which enable students, realize the correlation between content of chemistry and
environmental problems, and improve in both content and scientific process {(Appendix A).

1.1.2 Analyses of learning cutcomes and sub-standard 3

The results concluded that learning outcomes and sub-standard 3 in all

level correspond to objectives of Thailand's Basic Education Curriculum, B.E.2544 (A.D.
2001) (Appendix B)

1.1.3 Interviewing local resource persons about local wisdom, and local
environmental problems in everyday life in Chachoengsac province, Thaitand.

The resuit of interviewing local resource persons about local

wisdom, and local environmental problems in everyday life concluded that environmental
problem that is the most environmental problem in community of Chachoengsao is soil
salinity. {Appendix C)

1.1.4 Analyzing and reviewing the content of chemistry that is related to soil
salinity.

The resuit of Analyzing and reviewing the content of chemistry, which is
related to soil salinity concluded that learning units should be conducted, as follow:
Environmental problem in Chachoengsaco, How do | explain salinity of soil?, Measurement
units of concentration of chemical solution, Preparation of chemical solutions, Solving
problems of salinity soil, Application of using chemical solution in real-life situations
{Appendix D).

1.2 Drafting the structure of real - life high-school chemistry curriculum.

The structure of the draft curriculum which incorporated real - life situation with
inquiry cycle approach was developed for use in the workshop which concludes that this
chemistry curriculum is categarized into 7 sections, which were:- Rationale and
Justification, Principles of Curriculum, Obijectives, Content of Curriculum, Learning Units,
and Lesson Plans.

1.3 Betermining the high-school chemistry curriculum

Determining the high-school chemistry curricutum for implementation by
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3 groups of specialists. The results of analyses conclude that each factor of curriculum has
relevance each other according to Index of Item Objective Congruence (I0C) in high level
about 0.75 to 1,00,

1.4 Revising the draft of the high-school chemistry curriculum

The first revision of high-schoot chemistry curriculum was based on the

specialists’ recommendations, and then the high-school chemistry curriculum pilot study
with samples in micro scale level was implemented.

1.5 Pilot study the high-school chemistry curriculum

The result of implementing high-school curriculum in micro scale level
concluded that teachers can follow lesson plans well. tn duration of implementing this
curriculum, teachers can use criterion for evaluating students’ behaviors correctly and
understand the roles of observers. Then teachers were interviewed coping potential in
using observation evaluation form. These results revealed that teachers had confidence to
be observers and understand the roles of observer with confident level of 0.7746.

The result of interviewing 12 students concluded that students were interested
in the content of chemistry, because they can study easily, enjoy doing activities,
understand environmental problems in local area, and incorporate between their
experiences and contents. However, the students had problems about the unsufficient of
materials and shortage of time for doing activities. The resuits of curriculum implementation
in micro scale fevel and interviews were used for improvement of the curriculum.

1.6 Improvement of chemistry curriculum

The resuits of pilot study step and recommendations were improved chemistry
curriculum in the second lesson plan {(How do | explain salinity of seil?) by increasing range
of time for doing activities from 6 hours to 7 hours and increasing the adequate amount of
materials enough for doing the activity. The improved curriculum in this step composes of 6
components: rationale and justification, principles of curriculum, objectives, content of
curriculum, learning units, and lesson plans. Improved curriculum was used in the next

slep.
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- Step 2 Curriculum Implementation
Curriculum implementation on the topic of chemical solutions by using inquiry cycle
approach incorporating real-life experiences composed of 2 steps:
2.1) Implementing high — school chemistry curriculum step,

2.2) Completing the high-school chemistry curriculum.

2.1 Implementing high — school chemistry curriculum step
Curriculum implementation on the topic of chemical solutions by using inquiry
cycle approach incorporating real-life experiences was used with students in 3 schools
provided research data for a total of 112 participating students in Matayomsuksa 4:
Benchama Rat Ransarit || school, Datdarunee school, and Puttirangsripiboon scheol in
second semester of the 2003 academic year. The results of the implementation are:
2.1.1 Examining from learners

2.1.1.1 Examining students’ learning achievement scores of students
in 3 schools provided research data for a total of 112 participating students in
Matayomsuksa 4. Benjamaratrangsarit 2 school, Datdarunee school, and Puttirangsripiboon
school concluded that scores from students’ learning achievement test after the study of
learning units incorporating real-life situations by using inquiry cycle approach was higher
than before the study significantly and supports the first research hypothesis.

2.1.1.2 Examining students’ manipulative skill score of students in 3
schools provided research data for a total of 112 participating students in Matayomsuksa 4
concluded that students’ manipulative skill score after the study of learning units
incorporating real-life situations by using inquiry cycle approach was higher than before
implementing this curriculum, and supports the second research hypothesis,

2.1.1.3 Examining students’ scientific mind component of students in 3
schools provided research data for a total of 112 participating students in Matayomsuksa 4
concluded that students’ scientific mind component after the study of learning units
incorporating real-life situations by using inquiry cycle approach had a score above certain
level, learning in students’ scientific mind were improved in positive view after implementing
chemistry curriculum by using inquiry cycle approach incorporating real-life situations was

in positive view, and supported the fifth research hypothesis.
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2.1.2 Examining from teachers and learning activities.

2.1.2.1 Examining average scores of students’ opinions in 3 schools
provided research data for a total of 112 participating students in Matayomsuksa 4
concludeed that students’ opinions about inquiry cycle approach for high-school chemistry
curriculum incorporating real-life situations had a score above certain level, students’
opinions were improved in positive view and supported the third research hypothesis.

2.1.2.2 Examining average scores of teachers' opinions in 3 schools
concluded that teachers’ opinions about inguiry cycle approach for high-school chemistry
curriculum incorporating real-life situations had a good score (X = 4.46), and support the
forth research hypothesis.

2.1.2.3 Presenting opinion of 3 teachers in 3 schools provided
research data: Benchama Rat Ransarit Il school, Datdarunee school, and
Puttirangsripiboon school concludes that learning activities in the classroom can help
students to understand and improve their scientific thinking, students can exchange their
idea about knowledge in classroom with participants. Additionally, teachers can
understand and apply real - life experiences with lesson plan, learning outcome, teaching -
leaming management, and teaching’ behaviors. Teachers can improve classroom situation
to activate students’ learning and idea.

2.2 Completing the high-school chemistry curriculum.
Brainstorming workshop for 3 high-school teachers from Benchama Rat

Rangsarit Il school, Datdarune.e school, and Puttirangsripiboon school was conducted by
the researcher. There were two categories recommended to be adjusted which were: 1)

the components of curriculum, 2} the timing of activities.

Discussion

Step 1 Curriculum Design
This step is process that construct real - life high — school chemistry curriculum. It
is important to develop many components of this curriculum to conduct high — school

curricutum that have high quality and effectiveness (Tyler. 1949: 395., Caswell & Campbell,
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1935 : Taba. 1962., Tanner. 1980, and Loh, 1998). The research conclusions and
interesting issues are as follows:
1.1 Reviewing basic information for developing a chemistry curriculum

Investigating related documents and research work such as curriculum
development, teaching - learning process, the importance of chemical solutions as
perceived by local community, and inquiry-based teaching-learning process were found
that each curriculum development have a similarity of medel, but these are their differential
detail of steps in curriculum development.  This research developed curricuium by using
important point of each model to apply own model such as curriculum development model
of Saylor Alexander and Lewis {Saylor Alexander and Lewis. 1981) and Vongyai (1995).

Additionally, methods of learning management in curriculum development
by using inquiry cycle approach of educators was developed and integrated with the
contents and real- life situations such as Rebecca Reiff. et al (2003)., White, B.Y. et al
(1998). Moreover, students in groups of Biological Science Curriculum Study present that
the most Interested curriculum development is inquiry cycle approach, because it can
activate students to incorporate between their experiences and contents, enjoy doing
learning activities, understand scientific problems, have self- confident to show their
opinions and develop their knowledge (Brown, A. &Campione, J. C. :1996) {Greenlaw, M.
J.:1982).

Characteristics of institute curriculum development of Nipa Petsom(2002)
are found that interested curriculum development is curriculum development that
emphasize learning experiences incorporating real — life situation in local area such as
environmental problem(Kongbangpra. 1999: 45}, focal problem or real situation problem
(Santachat. 1996). This connects between theory or contents and real- life learning
experiences in the same area. This is consistent with the research of (Brown, A,
&Campione, J. C..2002) presented that students are interested in various contents, if
teachers should have present contents by relating with local situations and
varicus learning activities. This helps improve students to develop sections of knowledge,
scientific attitude, and manipulative skill. Moreover, opinions of teachers and students
presented that learning management by incorporating real situation help students study

contents easily. Students are interested in real — life situation. Students realize in searching
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and survey information from academic resources. Students have observation skill and
laboratory planning step by step. Students can solve problems and search knowledge by
themselves.

1.2 Drafting the structure of real - life high-school chemistry curriculum.

Greater effort needs to be directed towards developing science curriculum
to improve the overall quality of life in accordance with the national science curriculum. As
Thailand is a developing country, science and technological education should be an
integral part of the national education policy. In 1990, the Department of Curriculum and
Instruction Development of the Thai Ministry of Education (MOE} implemented a new
curriculum based on an analysis of limitations and weaknesses that were identified in the
1978 national curriculum. Ongoing monitoring, assessment, and research continued over
the next ten years, and the MOE 2002 report based its findings on program evaluations.
The major limitations identified in the report are: 1) the formulation of a curriculum by
central authorities neither reflects nor responds to the needs of schools and provingial
society. 2) An analysis shows that curriculum development and learning outcome of
mathematics, science and technologies fail to develop leaders in these fields. Therefore,
teaching and learning procedures need to be improved in order to develop problem-solving
skills, creativity, and attitudes appropriate to learning in mathematics, sciences and
technologies. 3) The application of the curriculum fails to foster the foundations of critical
thinking, to create learning procedures in the management of life skills, and o enable
learners to effectively tackle rapid changes in social and economic areas.

Due to these limitations and weaknesses of Thai educational system, the Thai
Ministry of Education made further revisions and implemented a new curriculum, referred to
as “The Basic Education Curriculum 2001". This new curriculum was thought to better meet
and reflect the needs of educational institutions and provincial society, especially in the
areas of foreign languages (specifically, English) mathematics, science, and technology.
This is consistent with the research of Taba (Taba. 1962) who said that schools should
developed their curriculum and institute curriculum should be developed and designed
curriculum. tulla (Lulla, 1969: 56-60). Sunee Hamaprssit (1994: 58)., Jaitip
chairattanapong (2539 : 14-15}., and Oliva (Oliva. 1992 :26) stated that each school should

have own curricutum development to improve quality of education.  Thus researcher
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develop institutes curriculum by selecting the third standard about properties of matter.
Additionally, researcher studied on inquiry cycle approach reveal that inquiries are
important skills for the success of students’ daily living, as learning by memorizing or a
complete reliance on learning from books does not help students to recognize or soive real-
life problems. As it is important to develop high-school chemistry curriculum by using an
inquiry cycle approach incorporating real-life situations and focusing on problem-solving
processes that put an emphasis on higher-order thinking and application of science
process skills for developing quality of life in the future, and as it is equally important to
develop an awareness of students in environmental problems and society in Chachoengsao
province, a pilot study of interviewing local resource persons was organized about local
wisdom, and local environmental problems in everyday living of Chachoengsao province,
Thailand. It was found that soil salinity is one of the main problems in Chachoengsao
province and the content of chemistry, especially chemical solutions, was developed for
solving this problem, so soil salinity was the main focus of chemical solutions in inquiry
Cycle-approach classroom activities. After that, researcher developed workshop to draft
real - life chemistry curriculum, develop quality of learning management, and lesson plan.
There were 8 participants in the workshop: 5 high-school chemistry teachers from
Chachoengsao province, 1 curriculum developer, 1 science educator, and 1 researcher.
This is consistent with Saylor Alexander and Lewis (Sayior Alexander and Lewis. 1981), who
stated that teachers should be educational manager by selecting their techniques of
teaching, and materials to improve their students in section of knowledge, scientific

attitudes, and manipulative skilis.

The interested point of this institute curriculum was the incorporating the real -life
situations and focusing on problem-solving processes, that put an emphasis on higher-
order thinking and application of science process skills for developing quality of life in the
future, and as it was equally important to develop an awareness of students in

environmental problems and society.

Step 2 Curriculum tmplementation
implementation of high-school chemistry curriculum on the topic of chemical

solutions was used in 16 November 2003 - 8 January 2004 which was taken 36 hours with
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112 students in 3 schools was found that teacher can follow lesson plans well. In duration
of implementing this curriculum, teachers can use criterion for evaluating students’
behaviors correctly and understand the roles of teachers in inquiry activities.

Students can study contents by following learning activities; can exchange their opinions
and ideas with participants correctly. Additionally, students’ learning achievement score
after the study of learning units incorporating real-iife situations by using inquiry cycle
approach was higher than before the study, and manipulative skill score after the study was
higher than before implementing this curriculum. This was consistent with teachers’
opinions presents that management of inquiry cycle activities can help students to activate
their idea and interest in learning activities. Students showed their opinion by asking and
exchanging their opinion with another persons. Students interest in real — life situation that
relate to chemistry in daily life, Students realized in searching and survey information from
academic resources. Students had observation skill and laboratory planning step by step.
Students were able to solve problems and search knowledge by themselves, and there
were responsible to their task. Students conceded opinion of another persons and present
their idea.

This is consistent with the research of Beasley (Beasley. 1979: 5428- A), Heikkinen
(Heikkinen. 1983), and Varee Akkasan (2537 : Abstract) who concluded that the results
studying of manipulative skill by using real practice with incorporating real — situations.
Learner can study new knowledge and develop basic knowledge to apply with everyday
life. Moreover Team learning is conducted in their classroom. This is consistent with the
research of Tisana Kammanee (Tisana. 1993) states that relationship of team study is a
process that can occur and help group activities to follow effectively.

This assessments of the research separated into 4 sections: students’ learning
achievement test, manipulative skills test, report paper, and scientific mind test. This is
authentic assessment that helps teachers evaluate students’ learning. This is consistent
with the report of Curriculum and nstruction Development Department (2001) presented
that authentic assessment is assessment from real — practice or activities by students
organize activities themselves that have complexity of each work and be holistic.

Implementing curriculum step was used with samples as follow in table 11. During

implementing step, collecting data was used to examine research hypothesis by using
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student learning achievement test before and after the study of learning units, student
opinion questionnaire about inquiry cycle approach, and scientific mind test. Additionally,
science classroom observation checklist form and manipulating skill test are implemented.

The research hypothesis and the examination results are:

The first hypothesis

This examining hypothesis is used with data from student learning
achievermnent test before and after the study of learning units. Additionally, scores from
students’ learning achievement test after the study of learning units incorporating real-life
situations by using inquiry cycle approach were higher than before the study significantly.
This was consistent with the research of Erwin (2001: 122- 140) who develop a training
curriculum on environmental education project management for secondary school students.
it was found that the secondary school students studying the management of environmental
education had their knowledge increase at a statistically significant level of 0.05. The
score after training was higher than the score before. Additionally, this was consistent with
the research of Roger (2003: 54 — 72) creating and trying out the formulation of
environmental education training curriculum on forest and wildlife resources for senior
students and was found that the scores after training was higher than the score before.
Moreover, it was consistent with the study conducted by Max (2003: 43) who studied the
comparative learning achievement in health education subject on sex education in
Matayomsuksa 2 who used the learning module and normal learning technique. The study
was found that learning achievement of the experimental group was higher than the
comparison group with statistical significance. In contrast, Allen (2002: 89-132) develop
curriculum on rural community waste management for volunteers: a case study of
Manbinton school. It was found that were who had passed training; after new training, their
scores did not increase. As for those who have never had training, the score was low.

The second hypothesis

The second hypothesis states that “students' manipulative skill score after the study
of learning units incorporating real-life situations by using inquiry cycle approach is higher
than before implementing this curriculum.” This examining hypothesis was used with data

from manipulative skill test before and after the study of learning units. The results of
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students’ manipulative skill before and after using chemistry curriculum showed that
students’ manipulative skill was improved and support this hypothesis. This was consistent
with the research of Exner (2002: 165), in development of manipulative skills of no
dysfunctional 13- year- old children. It was found that approximately 30% of the children in
the study showed improvement on the post- manipulative scores, whereas the others
showed little change. The children who had lower pre- manipulative score showed greater
score increases on the post-manipulative score than did the children who scored somewhat
higher initially. Moreover, this was consistent with research of Precharn (1994) about the
effectiveness of a chemistry laboratory manual design incorporating visual information
processing characteristics on student learning and attitudes. It was found that
experimental group students performed significantly higher on manipulative skills regarding
experimental techniques and orderliness skills across all four activities.

The third hypothesis

The third hypothesis states that "students’ opinions about inquiry cycle approach for
high-schoot chemistry curriculum incorporating real-life situations have a score above
certain level”. The results of students' opinions showed that students’ opinions were
improved in positive view and support this hypothesis. This was consistent with research of
Ralan (1899) who developed about the development of local curricutum of sciences for
secondary school in Marita school. It was found that students’ opinions about learning
activities had a score above high level. Students were interested in the training process
regarding the teachers on their knowledge in content, ability to communicate, arrangement
of topics, time spent on the topic, and his interpersonal skills. Moreover, these results
were also in congruence with the result obtained Hopson (1998), who studied effects of a
technology enriched learning environment on student development of higher order thinking
skills. The purpose of this study was to determine the impact of a Technology Enriched
Classroom on student development of higher order thinking skills and student attitudes
toward the computer. The students were surveyed using the Computer Attitude
Questionnaire developed by the Texas Center for Educational Technology. The
questionnaire assessed sixty-five questions combined to measure eight attitudes. This was

consistent with the research of Diza (2003), who improved student centered learning:
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second generation mentoring and language support labs. |n addition, they were asked to
complete a questionnaire about how well the courses met their needs and how these might
be improved. This was consistent with the research of Josh (1999: 121} studying
problematizing complex datasets for students; Design principles for inguiry curricutum.
Students created their own datasets initially by plotting the most recent earthquakes from
Internet, making predictions from a large dataset, refining predictions with more data, and
representing findings leads to new questions. After that, the students were surveyed doing
inquiry cycle activities using attitude questionnaire developed by Northwestern University.
This was consistent with the research about learning management by using inquiry cycle
approach activities of Loh (1997)., Loh et al (1998)., Radinsky et al (1998)., Robinson et al
(1997).,and Pott. et al (2003).
The fourth hypothesis

The fourth hypothesis states that “teachers’ opinions about inquiry cycle
approach for high-school chemistry curriculum incorporating real-life situations have a
score in good level” The results of teachers’ opinions after using chemistry curriculum
showed that teachers’ opinions about chemistry curriculum by using inguiry cycle approach
incorporating real-life situations was in positive view and support this hypothesis. This was
consistent with the research of Yerushalmi and Eylon (2003), who studied teachers’
approaches to promoting self-monitoring in physics inquiry cycle approach by their
students. This study describeed the professional development of physics teachers during
two years in which they collabo_ratively addressed the pedagogical question: "How can we
promote seif-monitoring by students in physics inquiry cycle approach?" The collaboration
took place in computerized forums and e-conferences. . This was consistent with the
research of Brian, L., Gerber, V., and Andrew, J (2002), who studied about site — based
professional development: inquiry learning cycle and technology integration. Results of
open-ended questionnaires administered to the teacher participants at the end of the
school year indicated that in the use of the learning cycle, teaching procedure and
integrating technology had important impacts on their students.

The fifth hypothesis
The fifth hypothesis states that “students’ scientific mind component after

the study of learning units incorporating real-life situations by using inquiry cycle approach
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have a score above certain level”. The results of students’ scientific mind checking
research hypothesis showed that the scientific mind after the study of learning units, the
learning in students’ scientific mind were improved in positive view after implementing
chemistry curriculum by using inquiry cycle approach incorporating real-life situations was
in positive view and support this hypothesis. This was consistent with the research of Anat.
Et al (2003), who studies about learning biology through research papers: developing
scientific mind and question- asking capabilities. The researcher compared between
learning through a scientific article and a popular-science article in the 10th-12th grades:
272 high-school biology students were tested for their abilities to develop scientific mind
and their inquiry skills (Science as inquiry}, after reading a scientific article and popular-
science article, Significant differences were marked; *p < 0.05.

All explanation showed that successfulness in chemistry curriculum development on
the topic of chemical solutions by using inquiry cycle approach incorporates real — life
situations can be developed into real-practices that have impact to students’ learning.
Moreover, it can develop students to have their critical thinking and can apply their ideas

and learning in the future.

Recommendations
1. From the results of this study, the following are recommended:
1. Recommendations for teaching - learning managements

1.1 The documents should be given to the participants before learning
activities about 1 week, in order for them to have time to study and be able to express their
opinions more.,

1.2 It is necessary to analyze and choose appropriate approaches to
curriculurn development for different majors and subjects. Method of inquiry cycle has a lot
of advantages, but it is time consuming and costly.

1.3 The results indicated that the real - life high — school curriculum is
developed to meet the interest of students, which promote their participation and promote
emphasis of inquiry cycle. This results in changing of knowledge, attitude, scientific skill,
and scientific mind. Senior high — schools should be therefore appropriately applied this

curriculum in order to promote the correct understanding in, and scientific mind.
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1.4 Method of inquiry cycle has a lot of advantages both students and
teachers. Students are more interested in the content of chemistry, because they can study
easily, enjoy doing activities, understand environmental problems in local area, and
incorporate between their experiences and contents.

1.5 Management of inquiry cycle activities can help students to activate
their idea and interest in learning activities. Moreover students can encourage showing
their opinion by asking and exchanging their opinion with another persons. Students
interest in real — ife situation that relate to chemistry in daily life. Students realize in
searching and survey information from academic resources. Students have observation
skill and laboratory planning step by step. Students can solve problems and search
knowledge by themselves. Students are responsible to their task. Students can concede
opinion of another persons and present own idea.

2. Recommendations for curriculum developments

2.1 In curriculum development, it is necessary to focus on the
development of contents, methods, and teaching materials. However, as experience has
shown, the application of inquiry cycle methods and the development of supporting
teaching and learning materials require a ceriain level of capacity of the teachers.

2.2 The developed curriculum, before putting it to use, should pass the
approval of qualified experts in various fields in order to check its quality and accuracy. In
the content of lesson plan, teachers should be chosen based on their knowledge and their
experience in various fields.

2.3 Paying attention is taken with the students and creating an informal
atmosphere in classroom. They should be cooperative in creating various activities, thus
making teaching- learning go by smoothly.

3. Recommendaticns for administration and managements.

3.1 Management of learning activities with students to participate all
students by expanding duration of time of activities and decrease amount of students per
classroom to set each activities appropriately. This is to activate students to show their
ideas and opinicns.

3.2 Students should be encouraged in exchanging ideas with their

teachers to develop their self — confidence.
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3.3 Activities may be adjusted so the students can finish the activities on
time. The resources should be modern and show information for content effectively.
4. Recommendations from the further research.

4.1 There should be a follow- up and study of the effectiveness of
implementing curriculum about awareness of participation in high — school chemistry
curricutum development by using inquiry cycle approach incorporating real — life situations
to see whether the information received in the curriculum is suitably modified.

4.2 The timeframe for the learning activities should be extended to include
more than 2 months, since there is a ot of content in the classroom and discussions.

4.3 There should be more procedure for evaluations of the curriculum in
order to obtain the more complete and appropriate curriculum.

4.4 There should be comparison among students who are in different

schools, environmental condition and social condition.
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Appendix A
Development High School Chemistry Curriculum on the Topic of Chemical
Solutions Using Inquiry Cycle Approach

Incorporating Real Life Situations

Rationale, Justification, and Principles of Curriculum

Almost everyone sees education has essential to societal development, but until
recently, very few of those responsible for formulating educational policy for the developing
world have acknowledged the value of scientific knowledge and technological education within
these policies (Bioom, 2002, p. 1). In most developing countries, much effort needs to be
directed towards using knowledge from sciences to improve the overall quality of ife. Thaitand
is one country that needs to improve its national science curriculum (Ministry of Education,
2002). In 1990. the Department of Curricutum & Instruction at the Thai Ministry of Education
(MOE) implemented a new curriculum based on an analysis of limitations and weaknesses that
were identified in the 1978 nationa! curriculum. Ongoing monitoring, assessment, and research
continued over the next ten years, and the MOE 2002 report based its findings on program
evaluations. The major limitations identified in the report are:

1) The formulation of a curriculum by central authorities neither refiects nor responds to

the needs of schools and provincial society.

2) Curriculum and leaming development in mathematics, science and technologies fail
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to develop leaders in these fields. Therefore, teaching and learning procedures need

to be improved in order to develop problem-solving skilis, creativity, and attitudes to

learning in mathematics, sciences and technelogies.

3) The application of the curriculum fails to foster the foundations of critical thinking, to

create learning procedures in the management of life skilis, and to enable leamers to

effectively tackle fast changes in social and economic areas (MOE, 2002, p. 1).

Results from the education quality assessment undertaken by the Department of
Curriculum and Instruction Development have provided additional data to support the assertion
of the MOE that Thai students are not appropriately prepared with regard to the science
curriculum. A national study revealed that at the primary level, the average science score was
50%, at the lower secondary level, the average science score was 45.3%, and at the upper
secondary level, it was below 50% (Soydhurum, 2001, pp. 42 - 43). Results from this study
provide an overview of the less than adequate science achievements in Thai public primary
and secondary schools.

Because of these limitations and weaknesses in Thailand's educational system,
major educational reforms were recommended. In 1999, the Thai Ministry of Education made
further revisions and implemented a new curriculum, referred to as “The Basic Education
Curriculum 2001". This new curriculum was thought to better meet and reflect the needs of

educational institutions and provincial society, especially in the areas of foreign languages
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(specifically, English) mathematics, science, and technology. The new curriculum also
responded to the need to improve teaching and leaming strategies to promote skills and
creativity, and to foster attitudes that enable life-long ieaming among Thai people (MOE, 2002,
p. 1).

The goals of the new Basic Education Curriculum, which is the national core
curriculum, are to help students grow morally and intellectually and to create new and greater
knowledge in order to enhance the quality of life. These goals focus on enhancing the potential
of leamers, enabling them to live happy lives according to national and intemnationai citizenship
standards, developing leamers’ professional and/or vocational abilities, and increasing
decision-making skills related to advanced education in line with leamer competencies,
interests, and experience (MOE, 2002, Preface).

Foliowing MOE guidelines and recommendations, the Institute for the Promotion of
Teaching Science and Technology, (IPST) set the following goals to improve and promote
science education;

® develop local curricula based on national standards;

® promote a student-centered approach which assists both leamers and teachers
to construct their own knowledge,

® emphasize a variety of quality science teaching-leaming strategies, especially

inquiry-based teaching-leaming processes (Boonklurb, 2000, p. 3).
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in the past, Thailand had a national science curriculum for all schools, developed by
the tnstitute for the Promotion of Teaching Science and Technology (IPST). The IPST not only
developed science curricula, but also generated instructional materials, including classroom
teaching-leaming activities. However, due to the educational reforms that have followed the
Basic Education Curriculum 2001, it is expected that institutes or schools will develop their own
curricula based on the substance (content) and standards stipulated by the Ministry of
Education (Thailand Research Funds, 2001).

The Thai Ministry of Education has issued several reports relating to the necessity for
schools to improve the content of the curriculum and to change to more student-centered
instructional approaches. In 1994, a published report, by the Ministry of Education, on the
study of science education, revealed that school science education in Thailand needed to be
improved both in content and in the use of the scientific processes (Soydhurum, 2001, p. 34).
In addition, The Thailand Research Funds (TRF} has also published a book on the crisis in Thai
science education, stating, “. . .education, for the most part, still emphasizes rote leaming
rather than individual thinking. Students are forced to see science as another boring subject
that exists only in the classroom or laboratory rather than as a joumey through the world where
curiosity and sense reign” (Soydhurum, 2001, p. 34).

Inthe U.S., the National Research Council made a similar statement, emphasizing that,

“. . .everyone needs to use scientific information to make choices that arise every day.
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Everyone needs to be able to engage intelligently in public discourse and debates about
important issues in science and technology. And everyone deserves to share in the excitement
and personal fulfiliment that can come from understanding and leaming about the natural
world” (National Research Council, 1996, p. 6).

Based on these reports, it is evident that Thailand needs to improve its teaching
strategies in order to enhance learning. One strategy to be explored is an inquiry-based
approach.

Inquiry Based Teaching-Learning Strategy

In many countries around the world, significant efforts have been made to bring change
to science education. Driel et al. (2001) state that in different countries, reform efforts share
some important characteristics, which are clearly concerned with how science is traditionally
taught. in keeping with this, different teaching-learning methods introduced in textbooks and
teacher guides were thoroughly investigated by the IPST. After this review, specific methods
wére selected as preferable to others and were subsequently recommended to teachers for
use in the classroom. Among the suggested teaching strategies was the inquiry method. As a
teaching-leaming strategy, inquiry emphasizes questioning, answering, collecting information
(from classroom laboratory experiments and other sources), analyzing data, drawing
conclusions, and solving problems by means of scientific processes is taken (Soychurum,

2001, p. 34).
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In an attempt to improve science teaching in the United States, The National Science
Education Standards (NSES} posits that “teaching science as inquiry provides teachers with
the opportunity to develop student abilities and to enrich student understanding of science”
(National Research Council, 1996, p. 6). Further, it also states that “Science teaching must
involve students in inquiry oriented investigations in which they interact with their teachers and
peers . . .Hands-on activities are not enough - students must also have ‘minds on'
experiences”(National Research Council, 1996, p. 20). The teacher plays a vital role in
successful inquiry instruction. Children cannot be turned loose to make discoveries nor be
expected to develop a meaningful grasp of scientific inquiry (Etheredge and Rudnitsky, 2003).

Driel et al., (2001) have recommended that one of the aims of science education is “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™ {p. 131).
These goals are similar to reform efforts in other countries, which can be found in articles and
reports such as thos; on a new science curricutum in Australia (Curriculum Corporation, 1994
cited by Driel et al., 2001), and the implementation of ‘Science, Technology and Society' in
Canada (Aikenhead & Ryan, 1992 cited by Driel et al., 2001). In the Netherlands, the national
curriculum of traditional subjects, which only contained physics, chemistry and bioclogy, has
been changed to promote students in active leaming activities, especially through inquiry (Driet

etal., 2001).
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National Research Councils, such as the National Science Resources Center, the
National Academy of Sciences, and Smithsonian Institution {1997), emphasize that *...people
have to be prepared to think critically, solve problems, and use technology effectively, and one
proven way to achieve these goals is to begin to teach science in elementary school. Through
a particular approach to science education, called inquiry-centered science, children leam to
ask questions, experiment, develop theories, and communicate their ideas” (1997, p. 1).

According to the research discussed above, the inquiry-based approach is a teaching-
leaming approach that develops students’ critical thinking and promotes active leaming. in the
next section, | will discuss my approach to the development of a science curriculum which wil
incorporate inquiry-based approaches in classroom leaming.

Science Curriculum Development

Recent educational reforms following the 1999 National Education Act have
expectations that Thailand's schools shouid develop their own curricula based on education
standards stipulated by the Ministry of Education (MOE, 2002).

The Basic Education Curriculum 2001, is Thailand’s National Core Curriculum.
Leaming standards have been developed for both primary and secondary fevels. Local
schools must base their curricula on these standards taking into consideration community
problems, student abilities, and local wisdom (MOE, 2002, p. 11).

The Basic Education Curriculum 2001 is composed of knowledge, leaming
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processes, values, morais and good attitudes, and consists of eight major categories:

1) Thai language; 2) mathematics; 3) science; 4) social studies, religion and culture; 5)
heaith and physical education; 6) art; 7) career and technology; and 8) foreign languages
(MOE, 2002, p. 5).

The category of science consists of eight subcategories: 1) living beings and life
existence processes; 2} life and environment; 3) properties of matter; 4) force and mobility; 5)
energy, 6) evolution of earth; 7) astronomy and space; 8) nature of science and technology
{MOE, 2002, pp. 14-186).

The third subcategory, “properties of matter”, involves the contents of
chemistry. 1 have chosen this content area as the focus of this curriculum.

This curriculum emphasizes two aspects: 1) curriculum content and 2) the inquiry-
based teaching-leaming approach. Much can be ieamed about chemistry by
studying chemical solutions. it is an important topic that the most is a topic that most
introductory high-school chemistry classes include in one form or another, for many reasons,
including that chemical solutions are concemed with specific aspects or types of solutions, and
that to begin to understand compounds, chemical principles and phenomena, students shouid
understand the general principles of chemical solutions. It is not necessary to leam about
chemical solutions first, but chemical solutions can help students to see the bigger picture and

then begin working on more specific aspects such as reactions and compounds. | think
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chemical solutions, such as sodium chloride or sodium hydroxide, affect many aspects of
students’ lives.

The second aspect of this curricuium concems the inquiry-based teaching-learning
approach. Certain classroom teaching approaches, including lectures, are problematic (MOE,
2002). Many teachers continue to teach in the traditional lecture style, not using real-life
experiences of students, and not introducing topics or problems from real-life situation into the
leaming process, even though doing so coulkd encourage critical thinking. Critical thinking and
inquiry are important skilis in the success of students’ daily lives, whereas leaming by
mermorizing or a complete reliance on learning from books does not help students to recognize
or solve real-life problems. 1 think it is important to develop an inquiry-based teaching-leaming
process in the high-school science curriculum by using real-life leaming experiences as they
relate to the topic of chemical solutions.

in this curriculum, | concentrate on the high-school science curriculum (the fourth level)
that is part of the Basic Education Curriculum 2001. | focus on selected chemistry knowledge:
chemical solutions and related laboratory skills. My secondary focus is problem-solving
processes in science and technology which emphasize active, creative thinking and their
applications to life-long leaming.

To inform curriculum and instruction decisions, | have undertaken this research within

the context of the high-school school levels for grades 10 to 12. | use curricular materials
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(textbooks, teacher guides, laboratory activities, and assessment tools), which { design. The
goals of this research are to study the implementation of a curriculum based on chemical
solutions, using an inquiry-based teaching-ieaming process, and to study student
achievements.

My attempts to help students at the high-school level to understand chemical solutions
by incorporating real-life leaming experiences and concepts, drove me to search for more
knowledge related to inquiry-based teaching-learming instruction. In an effort to contribute to
an increase in the use of real-life leaming experiences based on the inquiry-based teaching-
learning approach in the classroom, for this project, t will create curriculum and instructional
materials incorporating inquiry principles and scientific processes.

Developing a high-school science curriculum based on real-life learning experiences
and the inquiry-based teaching-leaming approach is an important step toward achieving
science for all. My hope is that teachers will use their own experiences in conjunction with this
curriculum to implement these real-life iearning experiences in their teaching practices. | will
explain this model in more detail in Chapter Three.

For students, the purpose of this study is to emphasize leamer understanding
of basic chemistry principles and theories. Students acquire and develop inquiry

skills, open-mindedness, and the ability to apply scientific methods to problem solving. They
should also develop greater interest in and a love for science and_eventually realize the

correlation between science, technology, the environment, and health, and most importantly,
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be able to successfully apply their knowledge of chemistry for the benefit of society and their

own lifestyles.

Objectives of chemistry curriculum
Objectives of chemistry curriculum as follow:
1. To understand lsaming outcome in science group on topic of chemical
solutions and can apply new knowledge with the real-life situations.
2. To use scientific knowledge for decision for real-life problems.
3. To have a manipulative skill for science laboratory.

4. To have a scientific mind for leaming science.

Content of chemistry curriculum
Content of chemistry cumriculum stress on the following concepts:
1. This chemistry curriculum is a curriculum that emphasizes on content of
chemistry by using inquiry cycle incorporated the real-life situations.
2. This chemistry curriculum is a curriculum that all teachers should plan
leaming activities together.
3. This chemistry curricuium is a curriculum that encourage for students in

developing and leaming by themselves continuousty.
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Additional Science course syltabus : Chemical Solutions Incorporating Real Life
. Situations
Instructor: Science teacher in high-school in Chachoengsao, Thailand.
Course description :
This course explores the information of Chacheongsao, the problems of Chachoengsao,
the problems of safty soils, the concentration of solutions, the preparations of solutions, solving
the problems of salty soil in Chachoengsao, and application of chemical solutions in real-life

situations.

Course Objective:

1. To achieve scientific literacy for all students.

2. To help students develop the relationships between the topic of chemical solutions
and real life leaming experience.

3. To use their science knowledge in making decisions about the problems of people
and society in Chachoengsao.

4. To help students develop a variety of skiils through doing laboratory and project work.

5. To help students know and employ safe practices and techniques in the laboratory,
in field work or any other scientific investigation, and when using scientific or technological
materials at home or work.

6. To provide opportunities for students to have experiences similar to those of
scientists; for example, identifying problems, camrying through projects, and writing reports.

7. To help students develop attitudes essential to critical thinking.

8. To use inquiry based teaching-leaming approach strategies to investigate and
understand the real life teaching-leaming experience about the topic of chemical solutions.

9. To help students to demonstrate an understanding of key concepts and principles of
chemical solutions incorporating real-life leaming experience.

10. To help students to use oral and written communication to describe and explain

scientific concepts and ideas, and be able to apply scientific knowledge.
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11. To be a model for further development of the high-school science curriculum on the
topic of chemical solutions making use of real-life leaming experiences.

12. To be a modet for other research on the teaching of the high-school science making
use of real-life leaming experiences.

13. To be an altemative method for high-school science teachers in activity-based

leaming and teaching.

Course Topic
Environmental problem in Chachoengsao
How do | explain salinity of soil?
Measurement units of concentration of chemical solutions
Preparation of chemical solutions
Solving problems of salinity soil

Application of using chemical solutions in real-life situations

Attendance & Participation

A large part of your grade, 35%, will be based on punctuality, attendance, familiarity
with the required laboratory, readings, short exercises/quizzes and constructive contributions
to class discussions about laboratory. An attendance sheet will be circulated at the start of
each class for students to sign. Those who do not prepare, contribute to discussions,
complete assignments on time and attend class regularly can expect their final grade to be

affected.
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Grades

Your grade will be based on
1. Punctuality, attendance, and participation in laboratory (15%)

* You are expected to come prepared, on time and to every class.

* You are expected to take responsibility for any necessary tardiness or absences by
notifying me in advance and by preparing a one page memo describing what was covered in
the class that you missed.

= You are expected to contribute constructively to class dynamics.

2. Short assignments and quizzes about laboratory (20%)
* No late assignments will be accepted unless arranged in advance.
* No make-up quizzes will be given unless arranged in advance.

3. Seven shorter formal papers {40%)
* No late papers will be accepted unless arranged in advance.

* All shorter papers will require revisions.

4. Final paper (25%)
94and above=A | 90-93=A- 86-89=B+ B83-85=B 80-82=B-
76-79=C+ 73-75=C 70-72=C- 60-69=D Below 60 =F

Required Course Texts and Materials (Tech Coop & in the library)
Pupaka, D. (2003) Chemical Solutions incorporating Real Life Learning Experience.
Course Packet.
Recommended Texts (available at Tech Coop or in the library)
Herr, Norman. (1999). Hands-on chemistry activities with real-life applications / Norman Herr,
James Cunningham. West Nyack, N.Y. : Center for Applied Research in Education.
Kotz, John C. (2003). Chemistry & chemical reactivity. Australia ; United States : Thomson.
A project of the American Chemical Society. ChemCom : chemistry in the community.

Dubuque, iowa : Kendall/Hunt Publishing Co.
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Appendix C
Interviewing 104l resource persons about local wisdom, and local

environmental problems in everyday life in Chachoengsao province

Name - Mr. Niwat Surname Choeng
Occupation  Agriculturist - Mango orchard in Bangkra, Chachocengsao.

Address 12/45 Srisothon Road Muang, Chachoengsao.

Interviewing local resource persons

1. What is your occupation?

Answer : Agriculturist - Mango orchard in Bangkra, Chachoengsao

2. What are the problems that you found in your community?

Answer : Mango orchard in Bangkra, Chachoengsao , A soil may be ricﬁ in salts
because farmers put waste water from shrimp farm into mango orchards near their farm.
Mango received the impact of wastewater. This is main problem in Chachoengsao
province. Government officer can not help farmers for improvement of soil in mango

orchard.

3. What is the most problem in Chachoengsao community?

Answer : Soil salinity

4. In your opionion, How to solve the soil salinity?

Answer : in my opinion, | think that every areas in my community have a problem
about soil salinity, that it has impact with every orchard such as mango, orange,
mangoteen, and durian. | think that government officer should help people in
Chachoengsao such as giving new knowledge about development and improvement of

fand and orchard.
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Appendix D

Table 13 The content of leaming Units in high — school chemistry curriculum by using

inquiry cycle approach incorporating real - life situations.

Leaming units Topics
1 Environmental problem in Chachoengsac
2 How do | explain salinity of soil?
3 Measurement units of concentration of chemical solutions,

1. Percent{%)
1.1 Percent by mass ( mass/mass)
1.2 Percent by volume ( volumeAvolume)
1.3 Percent by mass per volume
2. Molarity {(mot/dm’ or molAl)
3. Molality { mol/kg)
4. Mole fraction
5. Parts per mitlion (ppm)

4 Preparation of chemical solutions
5 Solving problems of salinity soil
6 Appilication of using chemical solutions in reallife situations

Subject : Science Leaming Substance group ( Additional Subject)

Topic: Chemical Solutions
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Table 14 Timeframe of learning Units in high — school chemistry curriculum by using inquiry

cycle approach incorporating real - life situations.

Leaming units Topics Total
{hours)
1 Environmental problem in Chachoengsao 6
2 How do | explain salinity of soil? 6
3 Measurement units of concentration of chemical 6
solutions,
1. Percent(%)
1.1 Percent by mass ( mass/mass)
1.2 Percent by volume ( volume/volume)
1.3 Percent by mass per volume
2. Molarity (mol/dm’ or molfl)
3. Molality { mol/kg)
4. Mole fraction
5. Parts per miillion (ppm)
4 Preparation of chemical solutions 6
5 Solving problems of salinity soil 6
6 Application of using chemical solutions in real-life 6
situations
Total 36

Subject : Science Leaming Substance group { Additional Subject)

Topic: Chemical Solution

Level: Matayomsuksa 4

Period of time ; 36 hours
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Appendix F
Assessment for High School Science Curriculum
in the Topic of Chemical Solutions Incorporating Real-Life leaming

Experience Intended for experts to evaluate curriculum.

For purpose of this document and its goal of encouraging assessment, the high
school science curriculum is considered to comprise everything students study in the
topic of chemical solutions.

in this section you are encouraged to review, analyze, evaluate the science
curriculum in the topic of chemical solutions incorporating real ~ life situations, and then
1) decide what you want or expect the science curriculum to accomplish, and 2) assess
how well your think your science goals and desired results are being achieved. You
should, of course, try to think in terms of the overall curriculum and develop judgments
not unduly biased by infrequent exceptions.

This document consists of 2 sections:

Section 1 The goals of assessment are to consider of consistent of curriculum
structure between:

1.1 The goals of the chemistry curriculum and Thailand’s Basic Education

Curriculum, B.E.25447

1.2 The goals of the chemistry curriculum and the objectives of curriculum

1.3 The objectives of curriculum and the objectives of this research

1.4 Rationale and Justification, and real - life problems in Chachoengsao.

1.2 Rationale and Justification of chemistry curriculum, and the goals of

curriculum

1.6 Rationale and Justification, and the objectives of curriculum

1.7 The goals of the chemistry curriculum and the objectives of curricuium

1.8 The goals of the chemistry curriculum and the content of curriculum

1.9 The objectives of the chemistry cumriculum and the content of curriculum

1.10  The objectives of the chemistry curriculum and the leaming units of

curriculum

1.11  The content of curriculum and the learning units of curriculum



1.12

1.13
1.14
1.15
1.16

Section 2 The goals of assessment are to consider each component of

curriculum and to add some opinions of specialist for improving and developing

-The leamning units management and inquiry cycle approach

management

The learning units of curriculum and materials

The learning units management and evaluations

The content of curriculum and evaluations of curriculum

The evaluations of cumriculum and authentic assessment

curricutlum structure such as:

2.1 Rationale and Justification

2.2 The principles of curriculum

2.3 The goals of the curriculum

2.4 The content of curriculum

2.5 Leaming units

2.6 Course syllabus

The objective
Content

Learning activities
Materials

Assessments

2.7 Styles of curriculum

2.8 The others

140
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Table 15 Assessment for High School Science Curriculum in the Topic of Chemical

Solutions Incorporating Real-Life leaming Experience Intended for experts to

evaluate curriculum.

Directions: Check ‘/appropriate answers. Add comment.

items

Examination about consistence

Not sure No
Consistence that have consistence

consistence

1. The goals of the chemistry curriculum and
Thailand's Basic Education Curricutum, B.E.2544
2. The goals of the chemistry curriculum and the
objectives of curriculum

3. The objectives of curriculum and the objectives
of this research

4. Rationale and Justification, and real - life
problems in Chachoengsao.

5. Rationaie and Justification of chemistry
curriculum, and the goals of curriculum

6. Rationale and Justification, and the objectives
of curriculum

7. The goals of the chemistry curriculum and the
objectives of curriculum

8. The goals of the chemistry curriculum and the
content of curriculum

8. The objectives of the chemistry curriculum and
the content of curriculum

10. The objectives of the chemistry curriculum and
the learming units of curriculum

11. The content of curriculum and the learning

units of curriculum
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Examination about consistence
ltems Not sure No
Consistence that have consistence

consistence

12. The learning units management and inquiry
cycle approach management

13. The learning units of curriculum and materials
14. The leaming units management and
evaluations

15. The content of curriculum and evaluations of
curriculum

16. The evaluations of curriculum and authentic

assessment

Section 2 The goals of assessment are to consider each component of
curriculum and to add some opinions of specialist for improving and developing
curriculum structure such as:

2.1 Rationale and Justification

............................................................................................................................................
............................................................................................................................................

............................................................................................................................................

...........................................................................................................................................
............................................................................................................................................

............................................................................................................................................
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2.4 The content of curriculum

................................. L R T L T LT LTy LT L Ly L T U
............ L
................................. L L T LT LT L U
.................................... e NP e e Y N A SR e LT N RS SRR AR R R R AT YT AR AR RN AR

2.6 Course syllabus
~ The objective
- Content
- Leamning activities

............................................................................................................................................
............................................................................................................................................

= Materiais
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- Assessments

............................................................................................................................................
............................................................................................................................................
............................................................................................................................................

............................................................................................................................................
............................................................................................................................................
............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
............................................................................................................................................
............................................................................................................................................
............................................................................................................................................
............................................................................................................................................
............................................................................................................................................
............................................................................................................................................
............................................................................................................................................
............................................................................................................................................

Thank you

Daungpom Pupaka
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Appendix G

Pre-test and post-test of science content for pilot study

1. Which of the following is the meaning of soil? a
a. Soil forms as rock is broken down by weathering and mixes with other
materials on the surface.
b. Soil forms as only plant is broken down by weathering and mixes with
water on the surface.
c. Soil forms as only organic matter is braken down by weathering and
mixes with fungi on the surface.
d. None
2. Which of the following is not the composition of soil? d
a. minerals
b. rock particles
c. dryleaves
d. plastics
4. Which of the following is the meaning of salty soil? a
a. Soil has quantity of salt too much
b. Sail has quantity of fungi too much
¢. Soil has quantity of water {oo much
d. Soil has quantity of fossil too much
5. Which of the following is causes salty soil? C
a. Only humans
b. Only nature
¢. Both human and nature
d. None
6. How many kinds of salty soil are in Thailand? a
a. 2
b. 3



c. 4
d. 5
8. How many methods exist to soive problems of salty soil?
a. Engineering method and biological method
b. Chemical method and biological method
¢. Engineering method, biological method, and chemical method
d. Engineering method, biological method, and mixed method
9. Which of the following is the different materials that make up soil?
a. Rock particles
b. Minerals
¢. Organic material
d. All of above
10. Which of the following is some techniques that farmers use to conserve
soil?
a. Plowing fields along the curves of a slope
b. Disturbing the soil and its plant cover as little as possible.
c.Bothaandb
d. None
11. Which of the following is the units of molarity?
a. moles/kg
b. Percent
c. moles/L
d. None
12. What is the molarity of a solution prepared from 10.0 g NaCl with a final
solution
a. 212M
b. 0.36 M
c. 10.0M
d. 0.60M
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13. Sea water contains roughly 28.0 g of NaCl per liter. What is the molarity of
sodium chloride in sea water?
a. 0479M
b, 4780M
c. 2.080M
d. 2080M
14. What is the molarity of 245.0 g of H,SO, dissolved in 1.00 L of solution?
a. 489M
b. 250M
c. 0.40M
d. 524M
15. What is the molarity of 5.30 g of Na,CO, dissolved in 400.0 ml solution?
a.20M
b.0.250 M
c.0.126 M
d.1.256 M
16. What is the molarity of 5.00 g of NaOH in 750.0 mi of solution?
a. 0.167M
b. 1.670M
c. 2.356M
d 3.256M
17. How many moles of Na,CO, are there in 10.0 L of 2.0 M solution?
a. 05M=x/100L
b. 1.0M=x/100L
c. 20M=x/10.0L
d 25M=x/100L

a
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18. A sampile of water contains 0.034 % m/v of lead, what mass of fead would
be found in a 2.00 liter sample of the water?
a. 0.10g
b. 045¢g
c. 0.5%g
d. 0.68g
19. A sample of vinegar has a label that shows 8.0% v/v acetic acid, what
volume of acetic acid would be in a 375 mi container?
a. 30ml
b. 40 mi
c. 50ml
d. 60 ml
20. What is the mass percent of NaCl in a solution preparation from 10.0 g
NaCt and 255 g of water?
a. 2.1%
b. 10%
c. 3.8%
d. 3.9%
21. Why is it essential that the denominator for the mass percent calculation
must be the total mass of the solution?
a. Because the solute is the minor component,
b. Because the solvent is the major component of the solution
¢. ltis not essential,
d. So that the percentage of a solute is never greater than 100 %
22. What are the units of mole fraction?
a. moles/L
b. moles/kg
c. Percent

d. None

d
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23. What is the mole fraction of water in a solution prepared from 10.0gNaCl b
and 255q of water?
a. 0.012
b. 0.988
c. 1.26
d. None of the above
24 What is the maximum mole fraction for a component of a solution? d
a. 0.1
b. 0.5

c. 1

Q

None of the above

25. What are the units of normality? b
a. moles/kg
b. molar equivalents/L
c. moles/ton

d. None of the above

26. What is the normality of a 1.5 M solution of H25047 c
a. 1
b. 2
c. 3
d 4
27. What is the molality of a solution prepared from 10.0 g NaCl and 255 g of
water?
a. 0.6/ m
b. 1.20m
c. 0.32m

d. Cannot be determined
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28. In most lakes, there exists a temperature gradient. The warmest water is c
near the surface and the coldest is at the bottom. However, certain situations

can cause a lake to "tum over” placing the coldest layers on top. Such an

event is extremely dangerous to the nearby inhabitants because it can cause
suffocation. Which of the following best explains why a lake turning over can

cause the suffocation of nearby inhabitants?

The warmest layers can disselve the most oxygen. As the cool layer is

a. placed on top, it suddenly warms, dissolving massive amounts of
oxygen. Without oxygen, people can die of suffocation.

b. A stochastic event like that requires no explanation.

¢. . The coolest layers can dissolve the most carbon dioxide. When
placed on top of the lake, this layer rapidly warms by the sun's heat,
releasing massive amounts of carbon dioxide into the atmosphere
which can suffocate those nearby.

d. None of these answers is true

29. How much NaOH would you have to weigh out to make 150 ml of 10N? c
a. 20g
b. 30g
c. 60g
d 70g

30. How much BaCl, will you need to weigh to be equivalent to 88 g of d
BaCl,-5H,0?

a. 31.3¢g

b. 41.3g

c. 51.3¢g

d 613g



31. Convert 40 mg/dL Ca2+ to mM/L.
a. 5
b. 8
c. 10
d. 15
32. A glucose of 95 mg/dL. is equivalent to how many mM/L?
a. 1.2
b. 23
c. 3.2
d. 53
33. How would you prepare 800 mi of a 10% sodium chloride {(NaCl, a
powder, formula weight 58.5) solution in water?
a. measure 5 g NaCl, add H,0 to final volume of 100 ml
b. measure 8 g NaCl, add H,0 to final volume of 100 m!
c. measure 30 g NaCl, add H,0 to final volume of 800 mi
d. measure 80 g NaCl, add H,O to final volume of 800 mi
34. How would you prepare 500 mis of a 10% ethano! (C,H,0, a liquid,
formula weight 46) solution in water?
a. measure 5 ml ethanol, add 45 ml H,0
b. measure 15 ml ethanol, add 150 ml H,0
¢. measure 50 ml ethanol, add 100 ml H,O
d. measure 50 ml ethanol, add 450 m! H,0
35. A stock solution of 1.00 M NaCl is available. How many miIIiIiters-“% )
needed to make 100.0 ml of 0.750 M E
a. 0.0075 "
b. 0.0750
c. 0.750
d 7.5
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36. What volume of 0.250 M KCl is needed to make 100.0 mi of 0.100 M
solution?

a. 20

b. 30

¢c. 40

d. 50
37. Concentrated H,S0, is 18.0 M. What volume is needed to make 2.00 L. of
1.00 M solution?

a. 0.1cm’

b. 02cm’

c. 03cm’

d. 0.4cm’
38. Concentrated HCl is 12.0 M. What volume is needed to make 2.00 L of
1.00 M soiution?

a. 0.06cm’

b. 0.16cm’

c. 026cm’

d. 0.66cm’
39. A 0.500 M solution is to be diluted to 500.0 ml of a 0.150 M solution. How
many mi of the 0.500 M solution are required?

a. 150 ml

b. 250 mi

c. 300ml

d. 450 mi
40. 30.Calculate the molality of 25.0 grams of KBr dissclved in 750.0 ml pure
water.

a. 0.58m

b. 1.58m

¢c. 258m
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d.

3.58m

41. 80.0 grams of glucose (CgH,,O,, mol. wt = 180. g/mol) is dissolved in1.00

kg of water. Calculate the molality.

a.
b.
c.

d.

0.44m
0.55m
0.66 m
0.77 m

42. 100.0 grams of sucrose (C,,H,,0,,, mol. wt. = 342.3 g/mol) is dissolved in

1.50 L of water. What is the molality?

a.
b.
c.

d.

0.135m
0.1556 m
0.176m
0.195m

43. 49.8 grams of Kl is dissolved in 1.00 kg of solvent. What is the molality?

a.
b.
c.

d.

0.1m
02m
0.3m
04m

44. Calculate the freezing point of a solution of 5.00 g of diphenyl C,,H,, and

7.50 g of naphthalene, C,H, dissolved in 200.0 g of benzene (fp = 5.5 °C)

a.
b.
C.

d.

3.17
3.71
7.31
7.13

45. Vitamin K is involved in the blood clotting mechanism. When 0.500 g is

dissolved in 10.0 g of camphor, the freezing point is lowered by 4.43 °C.

Calculate the molecular weight of vitamin K.

a.

b.

1160 g/mol
7760 g/ mol

d
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c. 8860 g/ mol
d. 8960 g/ mol
46. What is the freezing point of a solution of 15.0 g of NaCl in 250 g of

water? The molal freezing point constant, K, for water is 1.86 °C kg / mol.
a. 38°C
b. 4.8°C
c. -58°C
d. -6.8°C

47. What is the boiling point of a solution of a non-electrolyte ethylene glycol
which is .05 m in water. The K, = 0.612 C/m,

a. 50°C

b. 100°C

c. 200°C

d. 300°C

48. Caiculate the Freezing Point of the solution

a. -1.24°C
b. -1.42°C
c. 224°C
d. -3.24°C

49. 60 g of naphthalene (C,H,) is dissolved in 20.0 g of benzene. The
freezing point of pure benzene is 5.5 °C, and the freezing point of the mixture
is 2.8 °C. What is the molal freezing point depression constant, K, of
benzeng?

a. 43C/m

b. 63C/m

c. 6.3C/m

d. 7.3C/m
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50. The freezing point of a solution that contains 1.00 g of an unknown d
compound, (A), dissolved in 70.0 g of benzene is found to be 2.07 °C. The
freezing point of pure benzene is 5.48 °C. The molal freezing point
depression constant of benzene is 5.12 °C/molal. What is the molecular
weight of the unknown compound?

a. 45g/mol

b. 50 g/mol

c. 100 g/mol

d. 150 g/mol

51. Which solution will have a higher boiling point: A solution containing 105 a
grams of sucrose (C,,H,,0,,) in 500 grams of water or a solution containing

35 grams of sodium chloride in 500 grams of water?

a. Sodium chloride
b. Sucrose
c. Equal

d. None

52. A 0.2 motal (mole/kg) aqueous solution of a drug gave a boiling point d
elevation of 0.103 C (T,). Calculate the approximate motal elevation
constant (K,) for the solvent water.
a. 0.115
b. 0.215
c. 0315
d. 0515

53. What causes problems of salty soil by nature? d

a. Rock particles and minerals
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b. Biological changing
c. Chemical changing
d. a,bandc
54, What is human activity that is problems of salty soil ? b
a. Rice field
b. Salt field
¢. Shrimp field
d. Chemical changing

95. What is treatment of salty soil? c

W

Improve the drainage.
b. Leach with water to flush salts from root zone.
c. aandb
d. None
56. What cause problems of salty sgil by human? d
a. Mismanagement of the agricuiture sector.
b. A lack of suitable technology has placed further strain on the poor.
c. A lack of community people
d. abandc
57. Which of the following statements is true? d
a. Vetiver cultivation in half-circle around fruit rees
b. Vetiver is grass.
¢. Vertiver is a very effective soil and water conservation

d. None

58. What is vetiver? d
a. The grass which is the base of the Vetiver Grass System (VGS).
b. The grass which is a very effective soil and water conservation
c. The grass which is a very effective land rehabilitation system.

d. All of them



59. What is not characteristics of vertiver?
a. OStiff and erect stem which can stand up to deep water flows
b. Forming dense hedges when planted close together which reduces
flow velocity and traps sediments.
¢. New roots grow from only node when buried by trapped sediment.
d. New shoots emerge from the base of the plant thus withstanding

traffic and heavy grazing pressure

60. What is tolerance of vetiver?
a. BExtreme climatic variations such as drought, flood,
prolonged submergence and extreme temperatures
b. Wide range of soil acidity, alkalinity, sodicity and salinity.
c. Wide rage of toxicities including heavy metals in the soils.
d. a bandc.
61. What is not benefit of vetiver?
a. Vetiver cultivation in half-circle around fruit trees
b. Use of vetiver leaves for mushroom culture
c. Use of vetiver leaves and stem for animal feed
d. None
62.Why is the Ocean Salty?
a. The gradual concentration of dissolved salt and fossil.
b. The gradual concentration of dissolved only salt came from rocks.
c. The gradual concentration of dissolved chemicals eroded from the
Earth's crust and washed into the sea.
d. None
£63. What is meaning of distillation?
a. Process used to separate the substances composing a mixture. It
involves a change of state, as of liquid to gas.

b. The passage of water from a region of high water concentration



through a semi-permeable membrane to a region of low water
concentration.
Removing suspended material from water as long as the pores in the

fiter paper are smaller than the particles of the suspended substance.

d. None

64. What is meaning of osmosis?

a. Process used to separate the substances composing a mixture. It

involves a change of state, as of liquid to gas.

The passage of water from a region of high water concentration
through a semi-permeable membrane to a region of low water
concentration.

Removing suspended material from water as long as the pores in the

filter paper are smaller than the particles of the suspended substance.

d. None

65. Sugar is dissolved in water. The sugar and water are respectively the

a

b.
c.

e.

solvent and solution
solute and solvent
solution and solute

solute and solution

66. All of the following conceming a solution are true except

a.

b.

the homogeneous condition is permanent.
a solid solution may exist
a solution is clear but not necessarily colourless

some solutions are gaseous

67. Which one of the following is not a solution?

a. sugar and water

b. kool-aid

b

158



159

c. smog
d. tea
68. Which of the following is an example of a solution consisting of a solid in d
a solid?
a. dryice (solid carbon dioxide)
b. sand and salt
¢. sodium chloride
d. an alloy such as brass
69. A clear colourless liquid with density of 1.4 g/m! was boiled. The initial b
boiling point was 101°C and successive boiling points noted were 103°C,
105°C and 107°C. After cooling, the density was found to be 2.0 g/ml. The
original colouriess liquid was
a. heterogeneous
b. a solution
c. an element
d. acompound
70. If a relatively small amount of solute is dissolved in a relatively iarge c
amount of solvent, the solution is said to be
a. an electrolyte
b. concentrated
¢. dilute
d. saturated
71. If much more solute can be dissolved in a solution without altering the c
temperature, the solution is said to be

saturated

o

b. supersaturated

concentrated

o

d. dilute



72. A homogeneous mixture is known as
a. acompound
b. anelement
c. a pure substance
d. a solution
73. A saturated solution of potassium nitrate may be made unsaturated by
a. raising the temperature
o. raising the pressure
¢ adding a crystal of potassium nitrate
d. evaporaling some of the water
74. All solutions are
a. agueous
6. pure substances
c. terogeneous
¢ homogeneous
75. 8.00 g of NaOH is dissolved in sufficient water to make 200.0 mi of
solution. The molar concentration of the solution is
a. 1.00
b. 0.200
c. 0.250
d. 0.500
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Appendix H
Observation Form for Observing Behavior in Section of Laboratory Skills

Learning Unit...........ccooevvernanni.

Explanation

1. This observation form consists of 14 students’ behavior in teaching and
leamning activity.
2. Teacher should examine standard in table 2 for check science process skills

in variety items as

Laboratory technigues section item 1-4
Steps of processes section item 5-7
Confidential section item 8-10

Cleaning section item 11-14
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Table 16 Student’ s behaviors about manipulative skill in teaching/learning activities by

using inquiry cycle approach incorporating real-life situations.

ltems of student’ s behaviors Score level Other

1. Students can take Systematic plan
for carrying out experiment before
starting on it.

2. Students can choose to use
appropriate equipments for task to be
completed.

3. Students can choose to use correct
handling of equipments.

4. Students can choose to use correct
handling of chemicals.

5. Students can close attention paid to
sequence of instruction.

6. Students can organize steps of
laboratory activities correctly.

7. Students can write the report and
record laboratory activities correctly.
8. Students can do smooth working
and confidence in execution of task,
finish experiment before allotted time.
9. Students can choose to use correct
procedure.

10. Students can Smooth working and
confidence in execution of task.

1. Students can choose non-
necessary equipments to outside
laboratory area.

12. Students can clean giassware and

equipments, after finish working.
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Table 16 Student’ s behaviors about manipulative skill in teaching/learning activities by

using inquiry cycle approach incorporating real-life situations. (continue}

items of student’ s behaviors Score level Other

13. Students can use activities areas
effectively.

14. Students can take neat working
space, keep during the task, cleans

up bence after work.




P91

youeq <dn ueeld jou $20p 'eSN Joye
wswdinbe pue [BUElELL BAES| ‘YSE)

auy Buunp Asssw §) eseds Bunpom

J9pJ0 poof Alea uj Jou
1nq Aeme Ind aie |euaew pue uswdinbe

‘aoeds O SSEUIPT 1NOGE SJBD S58] Nl

asn Jaye Alpleipewiu) Aeme Juswdinbe
pue [epeyew sind '10m Je)ie aouég dn suesio

"yse) ey} Buunp sdeey *sords Buppom jeeN

sSaUIeRIO

auwy peyojle
puodeq xse) Buysiuy sny esueuuoped
NSE} MO|S AuBA "BU0p 8Q O] SBY JBym

JO 8Insun e)nb ‘UoRNIEXe PESNJUOT

esje Suiowos Al Jo ueswuedxe
%09y0a) 0y BLL) OU InG Juswyuedxe ysuy

‘UONNDEXE MO|S PUE BOUBPLUCD JO HOBT

B PONO|IE HJ0JBG JUBWLEXE YS|UY "YySE) JO

UOJN28Xe U) BIUSPYLUCD PuB BUpHOM LIOOWS

Aweixep [enuepy

saunpesosd
10BLI0DU| [e2IWsYD pue snieledde
jo Buypuey sseeles 'peys|duwod 8q o)

%S 405 sjuswdinbe Buisooyd 198.100U]

sainpeood

au Ul SeXEISIW eXELW IO SBDIWaYD

10 Ai3jes ‘sneedde Buisn wi eJed ss8)
el Ing ‘Buypuey 198000U) ||1IS BUWIBWOS

g ‘sjuawdinbe Buisooy? 120409 ARSON

BINPaanid 128000
‘syuswdinbe pue sieoweys jo Bujpuey
10800 puE |njeled ‘peys|dwod aq o} Yse)

10y sluswdinbe sjeudosdde Buisooys 1981100

sanbuysa) (euawadxy

A|ISE8 SUOPONIISUI MOJI0}

Jouues ‘eousnbes 19a109u) ‘peuueidun

%Se) JO edusnbes

Ul S8NEIS{tl Me) B Alu0 ejqeldaode st ueld

uofons Y jo asusnbes
0} pred uoguene eso}o ‘) uo Bujpers a104eq

wawiedxe 1o BujAues so) ueid oEwWSISAS

Bupriom [eaiponeiy

Jusucdwon

$84095

siis aAlendivew Buiatasqo o) swayos Buuoos /1 37gvL




165

Appendix |
Questionnaire to assess student toward chemistry
curriculum using inquiry cycle incorporation of realHlife experiences
Explanation
1. This pen-and-pencil questionnaire will consider to ask the opinion of student
toward scientific activity using inquiry cycle incorporation of real-life experiences
in section of content, management of learning activity, materials, evaluation and
outcomes,
2. Student should read and make decision to select your answer yourself.
3. Read and evaluate your opinion that you won't think about your answer that it is
correct or incorrect..
4. Putatick in a box in column that same as your opinions mostly.
Table 18 Student * opinions to assess their toward chemistry curriculum using inquiry

cycle incorporation of real-life experiences

Title Statement Evaluating you opinions
Agree  Not Dis

sure agree

1 Leaming activity using inquiry cycle will help me leam
everything mostly.
2 Learning in content of chemistry incorporation of real-life

learning experiences will help me to interest in learning
mostly.

3 I have confident that leaming activity using inquiry cycle
incorporation of real-life learning experiences can apply
to solve problems in everyday life.

4 Leaming activity using inquiry cycle incorporation of real-
life leaming experiences will encourage you to receive
new knowledge.

S Leaming activity using inquiry cycle incorporating real-

life leaming situations will encourage you to have reason
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Topic

Statement

Evaluating your opinion

Not Dis

sure  agree

10

1

12

Leamning activity using inquiry cycle incorporation of real-
life learning experiences will encourage you to have
gocd creativity.

Leaming activity using inquiry cycle incorporation of real-
life leaming experiences have the important to
development your idea to be good.

Leaming activity using inquiry cycle incorporation of real-
life leaming experiences will encourage you enterprise to
make decision about problems in everyday life,

Leaming activity using inquiry cycle incorporation of real-
life learmning experiences will encourage you can use
your scientific knowledge to make decision about
problems in everyday life.

Leaming activity using inquiry cycle incorporation of real-
life leaming experiences will encourage you to have
scientific attitude toward scientific literacy.

Leaming activity using inquiry cycle incorporation of real-
life learning experiences will encourage you to have self-
confident.

Learning activity using inquiry cycle incorporation of real-
life learning experiences will encourage you to enterprise

to show opinions.
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Topic Statement Evaluating your opinion
Agree  Notsure Disagree
13 | am interesting in learning activity using
inquiry cycle incorporation of real-life leaming
experiences.
14 | always enthusiastic to reread content in
activity before having examination.
15 Learning that following chemistry curriculum
should emphasis more understanding than
memorizing.
16 The exchanging knowiedge with your
colleague in leamning activity following
chemistry curriculum is important.
17 | always search addition document in
leaming chemistry curriculum.
18 I would like to have evaluation about doing
activity better than examination.
19 I would like to have evaluation score of

learning from tasks better than examination.
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Apendix J

Observation form

The Development of High-school Science Curriculum on Chemical solutions

incorporating Real-life Learning Experiences

For

Teacher Assistants
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High-School Science Classroom Observation Recording

Instructions : The purpose of this observation is to observe and identify the teaching style in
high-school science classroom.

9. Classroom Description: Upon enter the classroom, sketch the classroom layout.

10. Other information: What is displayed in the classroom? Look for graphic organizers,
student productions. List/ describe.

------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------

Instruction: In each of the following areas please indicate your response to the teacher’s work
and student’s activities by circling one point on the scale. All items represent demonstrations
of required competencies for teachers/students. Follow the coding system below:

1 —Improve: Teacher/student exhibits no regard for expected behavior.

2 — Fair: Teacher/student attempts to exhibit expected behavior, but fails.

3 — Medium: Teacher/student implements expected behavior to a limited degree.
4 — Good: Teacher/student regularly exhibits expected behavior.

5 - Very good : Teacher/student regularly exhibits expected behavior well,




Section 1 Classroom environment

Table 19 Teachers’ opinions about classroom environment

170

Leve! of satisfaction

Issues Very
QOOd

Good Medium  Fair  Improve None

1. Classroom is clean and neat.
2. Classroom is organized.

3. Classroom setting is well light.
4. Transferring air is well.

5. There are enough tables and chairs,

..............................................................

..............................................................

Section 2 Management of Inquiry cycle approach in the classroom
Table 20 Teachers' opinions about management of Inquiry cycle approach in the

classroom

Level of satisfaction

Issues Very Good  Medium Fair Improve

good

None

1. Engagement step

1.1 Students can offer problems that
guide scientific investigations.

1.2 Students can design scientific
investigations as activities to identify
problems.

1.3 Students can make connection
between prior experiences and

interested topics.
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Level of satisfaction

Issues Very Good  Medium Fair improve None
good

1.4 Students can use questions to
construct reasonabile solutions.

1.5 Students can make limitation about
information of interested topic or
problems.,

160ther.......reerecicr,

............................................................

.....................................................................................................................
.....................................................................................................................

.....................................................................................................................

Section 2 Management of Inquiry cycle approach in the classroom {continue)
Table 20 Teachers' opinions about management of Inquiry cycle approach in the

classroom (continue).

Level of satisfaction

Issues Very  Good Medium Fair Improve None
good

2. Exploration step

2.1 Students can plan scientific
investigations to explore interested
problems.

2.2 Students can make hypothesis
and seek possible solution.

2.3 Students can collect data,
journals, or situations,

2.4 Students can seek to verify

hypothesis for solving problems.
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Level of satisfaction

Issues Very Good Medium Fair Improve None

- Experiments

- Field trips

- Studying information from document
or other resources.

Resource 1. ..o,

RESOUICE 2.,

Resource 3 ...,

............................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

M L L R LT Tt

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................
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Section 2 Management of Inquiry cycle approach in the classroom (continue)
Table 20 Teachers’ opinions about management of Inquiry cycle approach in the

classroom {continue).

Level of satisfaction

lssues Very Good  Medium Fair Improve None

good

3.Explanation step

3.1 Students can use information and
journals to analyse problems.

3.2 Students can use information to
interpret for solving problem.

3.3 Students can use information to
conclude result of solutions.

3.4 Students can use information to
present solutions.

35 0ther o

..................................................

..................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................



Section 2 Management of inquiry cycle approach in the classroom {continue)

Table 20 Teachers' opinions about management of Inquiry cycle approach in the

classroom {continue).
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Issues

Level of satisfaction

Very Good Medium Fair Improve
good

None

4. Elaboration step

4.1 Students can use information to
make connection with prior
knowledge.

4.2 Students can use knowledge to
make connection with searching
information.

4.3 Students can use demonstrate
model or conclusion to explain

situations.

............................................................

............................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................
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Section 2 Management of Inquiry cycle approach in the classroom (continue)
Table 20 Teachers’ opinions about management of Inquiry cycle approach in the

classroom (continue).

Level of satisfaction

Issues Very Good Medium  Fair Improve None
good

5. Evaluation step

5.1 Students can evaluate leaming
outcome by themselves.

5.2 Teacher use classroom
assessment before classroom begins.

5.30ther........ooeeviuieene.

............................................................

............................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................



Section 3 General behavior of students

Table 21 Teachers’ opinions about generai behavior of students
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Issues

Very

good

Level of satisfaction

Good

Medium

Fair

Improve

None

1. Students can explain information.
2. Students can use questions to find
out solutions.

3. Students interest in each leaming
unit,

4. Students have responsibility for
doing worksheet.

5. Students can use materials.

6. Students can express their ideas
and opinions,

7. Students conclude contents of

lesson together.

.............................................................

.............................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................

.....................................................................................................................
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Appendix K
Questionnaire to assess student scientific mind toward inquiry-based teaching

and the incorporation of real-life experiences in the leaming of chemistry

1. Background
Name of student...............................Surname of student...........ccceveererccrrcecnnnenn,
NAME Of SCROOL.......coiiiteiircreccrc ettt ete s et e e s s sas e s s s aresee
7= AR AgE.....oeiiien. Score of Sciences........ccovvecrecieiciverennnnn

2. Topic of questionnaires

Topic of questionnaires compose of 4 sections such as scientific mind toward
learmning of sciences scientific mind toward sciences and attitude about utility of
sciences by student read and evaluate the following statements about topic of
questionnaires. Put a tick in the box under 3 if you think the statement is agree, 2 under

no idea and 1 if you think the statement is disagree

3. Explanation
3.1 Put your name sumame and name of school clearly
3.2 Read and evaluate the following statements about topic of questionnaires.
3.3 .Read and evaluate your feeling and scientific mind that you won't think
about your answer that it is correct or incorrect
3.4 In the important point, student should answer and evaluate by following
your attitude mostly.

3.5 This questionnaire compose of 15 topics.
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Table 22 Topic of questionnaires about student scientific mind toward inquiry-based
teaching and the incorporation of real-life experiences in the leaming of chemistry
student scientific mind toward inquiry-based teaching and the incorporation of

real-life experiences in the leaming of chemistry.

Levels of attitude

Topic of attitude about sEcientific mind Agree No idea Disagree

“You will enthusiastic to study S!:iences.

You would like to study Sciencés everyday.

You think about Sciences is easy and fun.

You like Science

You like to read scientific books.

Sciences leaming will help you be curious.
Sciences learning will help you have observation
skills.

Sciences leaming will help you to like to study and
search answers of problems.

Sciences leaming will help you to have skilis in
observation.

Sciences learning will help you to solve problems
yourself.

Sciences feaming will help you to work
collaboratively.

Sciences leaming will help you to have
responsibility to work group.

Sciences leaming will help you to listen the other
opinions.

Sciences leamning will help you to apply your
knowledge with everyday life.

Sciences learning will help the world development

continuously.
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Appendix L
The Results of Assessment for High School Science Curriculum by specialists
Table 23 The Results of Assessment for High School Science Curriculum in the Topic
of Chemical Solutions Incorporating Real-Life learning Experience Intended for

experts to evaluate curriculum.

ltems N=15 Examination
j0C
1 The goals of the chemistry 1.00 Consistence

curriculum and Thailand's Basic
Education Curriculum, B.E.2544

2 The goals of the chemistry 1.00 Consistence
curriculum and the objectives of
curriculum

3 The objectives of curriculum and 1.00 Consistence
the objectives of this research

4 Rationale and Justification, and 1.00 Consistence
real — life problems in
Chachoengsao.

5 Rationale and Justification of 0.78 Consistence
chemistry curriculum, and the

goals of curriculum

6 Rationale and Justification, and 0.75 Consistence
the objectives of curriculum
7 The goals of the chemistry 0.78 Consistence

curriculum and the objectives of
curriculum

8 The goals of the chemistry 0.78 Consistence
curriculum and the content of

curricuium
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_ltems N=15 Examination
10C

9 The objectives of the chemistry 0.78 Consistence
curriculum and the content of
curriculum

10 The objectives of the chemistry 0.86 Consistence
curriculum and the leaming units
of curriculum

" The content of curriculum and the 1.00 Consistence
leaming units of curriculum

12 The leaming units management 1.00 Consistence
and inquiry cycle approach
management

13 The leaming units of curriculum 1.00 Consistence
and materials

14  The leaming units management 1.00 Consistence
and evaluations

15 The content of curriculum and 1.00 Consistence
evaluations of curriculum

16 The evaluations of curriculum and 1.00 Consistence

authentic assessment

The results of analyses concluded that each factor of curriculum has relevance

with each other that has Index of ltem Objective Congruence (IOC) in high level about

0.7510 1.00
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Daungporn Pupaka. (2005). The Development of a High-school Chemistry Curriculum by
Using the Inquiry Cycle Approach Incorporating Real-life Situations. Thesis,
Ed.D. (Eﬂglia-h). Bangkok: Graduate Schocl, Srinakharinwirot University. Advisor
Committee: Asst. Prof. Somsan Wongyunoi, Dr. Precharn Dechsri, and

Dr. Chinda Tambunchong.

The purposes of this study were 1) To develop a high-school chemistry
curriculum incorporating real-life situations by using the inquiry cycle approach; 2) To
evaluate the leaming outcome of the students who participated in the curriculum and the
inquiry cycle approach in the high-school chemistry classes; and 3) To investigate
teachers' and students’ opinions on the implementation of high-school chemistry curriculum
incorporating real-life situations by using the inguiry cycle approach.

Students participating in this study were registered for a required high school
selective science course. The content of this curriculum is related to soil salinity as follows:
Environmental problem in Chachoengsao, How do | explain the salinity of soil?,
Measurement units of concentration of chemical solution, Preparation of chemical solutions,
Solving problems of saline soil, Application of using chemical solutions in real-life situations.
The curriculum implementation on the topic of chemical solutions by using inquiry cycle
incorporating real-life experiences is used with students in 3 schools provided research
data for a total of 112 participating students in Matayomsuksa 4: Benjamaratrangsarit 2
schoo!, Datdarunee school, and Puttirangsripiboon school in second semester of the 2003
academic year. '

Five assessment instruments were developed: 1) an achievement test; 2) a
questionnaire of student about inquiry cycle approach; 3) teacher/student interview
questions; 4) science classroom observation checklist form; and 5) a manipulative skills
observation checklist.

Five hypotheses were tested regarding the relative effectiveness of the high
school chemistry curriculum by using the inquiry cycle incorporating real — life situations.

These results were obtained:



1) Students' learing achievement score after the study of learning units
incorporating real-life situations by using the inquiry cycle approach is higher than before
the study.

2} Students’ SM_QDIS' manipulative skills score after the study of learning units
incorporating real-life situations by using the inquiry cycle approach is higher than before
the study.

3) Students' opinions about the inquiry cycle approach for high school chemistry
curriculum incorporating real-life situations has a score above certain leve!.

4) Teachers’ opinions about the inquiry cycle approach for high school chemistry
curriculum incorporating real-life situations has a score above certain level.

(5) Students’ scientific mind component after the study of learning units
incorporating real-life situations by using the inguiry cycle approach has a score above
certain level”.

The study's findings led to the conclusion that:

1) The high school chemistry curriculum by the inquiry cycle incorporating real-life
situations help students to learn more achievement, express more positive attitudes, and
perform better on manipulative skills.

(2) Assessment of learning outcomes can be accomplished by using an
achievement test, a scientific mind test, a manipulative skills observation checklist, science
classroom observation checklist form, and a student questionnaire about inquiry cycle

approach respectively.
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