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The objectives of this study were to develop the Science of Sound in Traditional
Thai Musical Instruments course (SoSTI course), an interdisciplinary one, for non-science
upper secondary school students and to study the development of students’ scientific
creativity, the students’ understanding in science of sound concept, the students’ attitude
toward science and students’ awareness of precious Thai culture and tradition focusing on
traditional Thai musical instruments before and after completing the course. The SoSTI
course development was based on interdisciplinary concept model proposed by Jacobs
(1989) and constructivist theory. The research study was divided into five phases, pre-
developing the course, developing the course, conducting pilot study, implementation and
evaluation and analyzing data and conclusion, respectively. The SoSTIl course is an
elective course corresponding to the Basic Education Core Curriculum B.E. 2551 (A.D.
2008). This course was conducted to thirty five non-science students in 12th grade in
second semester of 2010 academic year at Rattanakosinsompoch Bangkhen School,
Bangkok for 40 periods (a whole semester). The research instruments were students’
scientific creativity test, students’ attitude toward science questionnaire, the science of
sound understanding test, the students’ awareness in traditional Thai musical instruments
questionnaire, and students’ opinions toward the SoSTI course questionnaire. The data
were statistically analyzed by using t-test for dependent sample.

The findings of this study indicated that, after complete the SoSTI course, the
students’ scientific creativity is significantly increased at the .05 level. The students’
understanding in the science of sound content posttest score is significantly higher than the
pretest one at .05 level. The students’ attitudes toward science before and after completing
the SoSTI course are not significantly different at the .05 level. However, students’ attitudes
toward science are significantly different at the .05 level by using item analysis. After
studying from the SoSTI course, the students have become more aware of Thai culture and
tradition focusing on traditional Thai musical instruments and they have positive opinion

toward the course.
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CHAPTER 1
INTRODUCTION

Background

Science reflects the progressiveness of every country. It can be seen that countries
in which success in science and technology have priority can become the world’s leader in
every aspect. Many countries are interested in developing science and technology rather
than looking back to their precious treasures such as art, culture and local wisdom etc.
Science, which is related to the daily life of every person, has an important role on personal
thinking and efficiency development (IPST, 2002: 1). The committee of National Research
Council (NRC) (2007) concludes that it is essential to teach science because science is a
noteworthy fraction of human culture and represents the competency of human thinking.
Science is more than a subject—it is the foundation and basis for life. Science knowledge
and scientific methodology also have an impact on personal decision making about the
fundamental issues in human lives. Additionally, scientific abilities of people have reflected
the national economic competitiveness and needs of their countries (NRC, 2007).

The historical view of science curriculum reform in the United State is divided in
three major time periods. First, from 1959 until 1971 or the 1960s reform, this is called ‘a
Golden Age of Science Education’. This reform began specifically at the secondary school
level and progressed to the elementary school level. Furthermore, this reform was based on
specific disciplines of studies. Second, in the 1970s, science curriculum underlined science
literacy for all students at middle school level. Third, in the late 1980s and early 1990s, this
reform presented several projects and frameworks for science curriculum involving to
science programs in the schools. This reform has stressed the integration of science
knowledge and constructivist approaches to learning and teaching. Examples of this reform
are the project 2061 from the American Association for the Advancement of Science
(AAAS) and the Scope Sequence and Coordination (SS&C) Project of the National Science
Teachers Association (NSTA) (Anderson, 1994). Not only has the United State realized the
imperative of science education and curriculum, but also other countries. It is arguable that
science curriculum reform and development constantly change and are a long-lasting
process.

Science education in Thailand also has obtained influence from science curriculum

reform in the United States. In 1964-1970, the UNESCO Pilot project for chemistry teaching



in Asia has been originated in Thailand. This project emphasized on bringing innovative
ideas to chemistry education and expanded to physics education afterward. Later on, the
Institute for the Promotion of Teaching Science and Technology (IPST) has been
developing Thai science curriculum since 1970. IPST science curricula endeavor to develop
three main characteristics of science; scientific knowledge, practice of scientific inquiry, and
the development of scientific attitudes. The curricula are considered an activity-based
structure including inquiry and discovery approaches. Moreover, in 1980s Thailand had new
science curricula for students in primary to upper secondary levels under a theme ‘A
Science for All' that means all students have to study science. In 1999, the National
Education act was launched and stated that students could freely make their decision to
study or not to study science and even mathematics (Klainin & Soydhurum, 2004).
Although, Thailand has been developing Thai science curriculum for a long time, the result
is unsatisfied because students have various learning styles. Thai science curriculum for
students in upper secondary school level is divided into three disciplines, physics,
chemistry, and biology. If we specifically consider non-science students in the upper
secondary school level, we will find that the current Thai science curriculum is quite not
suitable for them. Generally, non-science students are students who have selected and
emphasized on other subjects such as Art, Language, Music, and Mathematics. Whether
the non-science students like or dislike science, they are still required to enroll courses in
science. This requirement certainly makes almost non-science students earn low grade
point average (GPA) in science.

Many researchers, science educators, and educational experts have struggled to
develop science curriculum because many concepts in science are abstract and uneasy to
find suitable instructional strategies (Chang, 2005 & Ogan-Bekiroglu, 2007). Knight (2004)
proposed many topics in science emphasizing on physics concepts that seem to be
abstract and hard to understand. The science of sound is one of the most difficult topics in
physics. Moreover, during a four-month teaching experience in physics, | realized that
abstract issues like waves and sound were a challenge for me and other physics teachers.
It is very difficult for students to understand physics because they lack of context and
background especially for non-science students. The physics instructor is an immense
source of factual, conceptual, and procedural knowledge about physics, but this source is
typically mismatched with the student (Knight, 2004).

A study of Merck institute revealed that few students could explain the topic of wave

and sound propagation (Driver R.; Squire A.; Ruthworth P.; & Wood-Robinson V., 2005:



136-137). Moreover, students still have problems with textbook pictures because the
images of waves are static and obviously unclear when displayed in two dimensions
(Knight, 2004). One issue that the science curriculum lacks is obviously connecting science
with the real world or everyday life, the things that interest people. Science at the
secondary school level, i.e., physics, chemistry or biology, contains much content. In
addition, learning is directly focused on memorization, numerical manipulation and
computation (Knight, 2004).

The National Science Curriculum Standards, the basic education curriculum 2001,
issued by IPST, states that there are several characteristics of curriculum and
teaching/learning in science.

First, science curriculum should simultaneously link content, principals, concepts
and traditional processes such as culture and wisdom together, yet also have flexibility and
diversity of learning mode at the same time. Second, science curriculum should support
learners in developing their thinking skills and learning abilities. Moreover, for a particular
community, the science curriculum should correspond to society, culture and tradition as
much as possible (The basic education curriculum, 2001). The students’ surrounding
communities can help students to understand science in their own context and help them to
see the connection between science and the world around them (AAAS, 1998: 126).

Back to one of the difficult and abstract topics in science, the science of sound,
Karri (2007) stated that the science of sound and music share some relationship in sense of
understanding sound, can provide basic ideas for investigating musical instruments
scientifically (Karri, 2007). In the same tone, Eger (2005), a musician, concluded that
physics and music are an interdisciplinary complement of each other (Tanrattanakula, 2007:
410). In addition, Browne (2007) has show that musical instruments could help students to
easily understand the science of sound in a scientific way. Musical instruments can provide
many comprehensible examples of standing waves to help the students and instructors to
understand the music concepts (Knight, 2004). Therefore, the researcher believes that
using traditional Thai musical instruments will be one way to help students who are afraid of
science to understand the concept of sound.

Thai society has its own unique culture and traditions and Thai classical music is
one example of this uniqueness. In the past, Thai classical music strongly influences every
Thai person. Thai classical music has special melodious musical tones reflecting the easy
way of life of Thai people. Traditional Thai musical instruments are classified into three

categories, stringed, wind and percussion instruments (The Department of fine Arts,



Thailand, 2001). The aesthetic of Thai classical music has continuously cultivated the Thai
people’s mind for a very long time and is the origin of culture and civilization of the Thai
society. Traditional Thai music and musical instruments are assumed to be a precious
cultural heritage of Thailand from the past to present (Indhawong, 2003). Conversely and
recently, because of popularity of contemporary music, Thai people know and value Thai
classical music less and less. Additionally, the National Education Act of A.D. 1999 (revised
in 2002) also realizes the significant of both art and science, in which science blends very
well with art, culture and local wisdom. The Basic Education Core Curriculum B.E. 2551
(A.D. 2008) stated that in order to develop Thai juveniles for the 21St century, we should
encourage them to become aware of preserving all aspects of Thai culture and wisdom.
Besides, cherishing Thai-ness is one of desirable characteristics in this core curriculum (The
ministry of education, 2008).

Thus, the researcher was inspired to design a new science course dealing with
music, in order to make this course suitable for non-science upper secondary school
students. In addition, the course corresponded to the basic core curriculum B.E. 2551 (A.D.
2008). Furthermore, this course was an interdisciplinary work following the interdisciplinary
concept model proposed by Jacobs (1989) which blended the science content from physics,
chemistry and biology (sound and material concepts), music content (Traditional Thai
musical instruments), mathematics (equations of sound wave) and human culture. An
interdisciplinary curriculum is a way to organize and connect different areas of knowledge,
and interdisciplinary connections formulate scientific principles suitable for a wide variety of
students.

As aforementioned, the Science of Sound in Traditional Thai Musical Instruments
course (SoSTI course) was designed exclusively for non-science students in such a way
that they had an opportunity to develop both left and right brains. Moreover, this course
promoted student’'s scientific creativity in the classroom by using a research and
development (R&D) as the research design in the study. This course was an activity-based
course facilitated by integrating teaching approach, which was based on the theory of
constructivism and was a significant part of instructional learning material. The expectations
of this course were to connect the world of science and the world of music through the
context of classical music of Thailand and to help Thai students be aware of their precious
Thai culture and tradition.

The purpose of this concurrent mixed methods study was to develop and test the

effectiveness of an interdisciplinary course, the SoSTI| course, for non-science upper



secondary school students by converging both quantitative and qualitative data. In the
process of collecting data, the Adolescence Scientific Creativity Test (ASCT) (Hu & Aday,
2002) was used to measure the development of the students’ scientific creativity on a pre
and posttest. At the same time, the study explored using Scientific Attitude Inventory (SAI
II) (Richard & Foy, 1997) concerning students’ attitude toward science, the science of sound
understanding test and an interviewing form concerning students’ awareness of traditional
Thai musical instruments created by researcher. Regarding the completion of the course,
the students were required to invent their own Thai style classical music instruments using

local materials.

Research questions
The research of “Science of Sound in Traditional Thai Musical Instruments”
addressed the following questions.
1) How does the science of sound in traditional Thai musical instruments course
develop students’ scientific creativity?
2) How does the science of sound in traditional Thai musical instruments course
influence students’ understanding in the topic of sound?
3) How does the science of sound in traditional Thai musical instruments course
influence students’ attitude toward science?
4) How does the science of sound in traditional Thai musical instruments course
convince the students to become aware of the precious Thai culture and

tradition?

Research objectives
The objectives of this study are summarized as follows:

1. To develop the science of sound course for non-science upper secondary school
students, an interdisciplinary course, by applying traditional Thai musical
instruments and using integrated teaching approach

2. To study the development of students’ scientific creativity

3. To compare the students’ understanding in science of sound before and after
completing the course

4. To compare students’ attitude toward science before and after taking the course



5. To promote Thai students’ awareness of precious Thai culture and tradition

especially of in traditional Thai musical instruments

Significance of research

This research provided a science course that introduced the sound concept via
traditional Thai musical instruments, an interdisciplinary course, for non-science upper
secondary school students by using an integrated teaching approach. The elective course
promoted both content and scientific creativity of students into the classroom through the
context of traditional Thai musical instruments. Moreover, the course represented the ways

for the Thai lifestyle and to convince students to be proud of their heritage.

Delimitation of the study
Population
The population of this study was non-science students who were studying in
Mathayomsuksa 4-6 (Grade 10-12) during the second semester of 2010 academic year.
(November to March)
Participants
The samples of this study were 35 non-science students who were studying in
Mathayomsuksa 6 (Grade 12) of at Rattanakosinsompoch Bangkhen School, Bangkok, in
the second semester of 2010 academic year.
Variables

Independent variable

Using the science of sound in traditional Thai musical instruments course via
integrated teaching approach

Dependent variable

1. Students’ scientific creativity

2. Students’ understanding in science of sound concept

3. Students’ attitude toward science

4. Thai students’ awareness in the precious culture and tradition, emphasizing on

traditional Thai musical instruments



Definition of terms
1. Science of sound in traditional Thai musical instruments course (SoSTI course)

Science of sound in traditional Thai musical instruments course (SoSTI course), an
elective one, is the set of science knowledge and activities for non-science upper secondary
school students. The course is composed of two main science content ideas, waves and
sound. It also contained music concepts in the context of traditional Thai music and musical
instruments as well as additional content from physics, chemistry, biology and mathematics
and also included of human culture in Thai context.

2. The interdisciplinary course/curriculum

The interdisciplinary course/curriculum in this study emphasized on the integration
among disciplines by using the interdisciplinary concept model proposed by Jacobs (1989)
in the following.

Step1: Selecting an organizing theme; the organizing theme in this curriculum is the
science topic of sound.

Step2: Brainstorming associations; the associated ideas related to organizing theme
in this curriculum are Physics (sound concept), Music content (traditional Thai music and
musical instruments), Mathematics (measurement, equations of sound wave), Chemistry
(matter and materials), Biology (Hearing process and some part of human body) and
Human culture.

Step3: Establishing the guiding questions to serve as a scope and sequence; the
researcher as the curriculum developer designed a content scope, created the curriculum
outline and series of interdisciplinary units including the outline of lesson planning, learning
activities, and worksheets.

Step4: Writing activities for implementation; In the effective daily lesson planning,
the researcher designed learning activities, identified the suitable approach based on
constructivist theory in order to develop students’ scientific creativity, students’
understanding in science of sound, attitude toward science of sound and Thai students’
awareness in the precious culture and tradition, emphasizing traditional Thai musical
instruments.

3. Integrated teaching approach

Integrated teaching approach refers to the integration of various methods of

Instructional strategies together based on constructivist theory which means all of the

selected approaches will promote students to construct their own knowledge and



understanding in order to make students’ learning more interesting and supportive. This
approach is different from the traditional approach, chalk-talk-homework-exam, in terms of
emphasizing conceptual understanding, relational understanding instead of memorizing
formulae. The characteristics of the integrated teaching approach that were used in this
curriculum are;

1. Variety of pedagogical strategies such as group discussion, demonstration,
laboratory, individual student project and so on.

2. Variety of non-traditional assessments i.e. adolescent scientific creativity test (Hu
& Adey, 2002), A Scientific Attitude Inventory (SAI Il) (Richard & Foy, 1997), observation
form, the science of sound understanding test, interviewing, etc.

3. Effective and meaningful learning

4. Paying more attention to listening (hearing, interpreting), students’ thinking

5. Promoting cooperative learning among students

6. Teacher serving as the role of a facilitator.

4. Non-science upper secondary school students

Non-science upper secondary students means the group of students who were
studying in Mathayomsuksa 4-6 (grade 10-12) and had selected and emphasized studying
in non-science subjects such as art, language, music, and mathematics for studying instead
of science subjects which are physics, chemistry, and biology.

5. Students’ scientific creativity

Scientific creativity means ability in designing and discovering new knowledge. It is
concerned with creative science experiments, creative scientific problem finding and solving,
and creative science activities for example in the SoSTI course, students will design and
create Thai classical music instruments by themselves, by applying knowledge they earned
from the course. The three dimensional structures of scientific creativity are composed of 24
characteristics of;

1. Products (technical product, science knowledge, science phenomena, and

science problem)

2. Traits (fluency, flexibility and originality) and

3. Processes (thinking and imagination).

The students’ scientific creativity can be measured by using the Scientific Creativity
Test for Adolescents (SCTA) (Hu & Adey, 2002). The results of SCTA test presented that
SCTA has high reliability and validity by using statistical methods to confirm that SCTA test



should be suitable for measuring scientific creativity of secondary school students. This
means, for this research, the researcher translated and adapted to the context of the SoSTI
course.
6. Students’ understanding in science of sound
Students’ understanding in science of sound refers to the abilities and behaviors of
the students underpinning by Bloom’s revised taxonomy of cognitive domain in the
understanding level. The abilities and behaviors present that students understand science of
sound refers to students who can interpret, summarize, classify, categorize, compare,
explain, exemplify, comment, annotate the knowledge in the science of sound topic and can
measure this by using the science topic of sound understanding test created by the
researcher.
7. Students’ attitude toward science
Students’ attitude toward science refers to the opinions of students in positive or
negative responses about science. In addition, it refers specifically to whether a person
likes or dislikes science by using their prior knowledge and experiences they have had
including students’ feelings about importance of science. The students’ attitude toward
science assessed by using and applying Scientific Attitude Inventory (SAIl Il) in order to
correspond to the SoSTI course (Richard & Foy, 1997)
8. Thai students’ awareness in traditional Thai musical instruments
Thai students’ awareness of traditional Thai musical instruments means the
students’ opinions, feeling, beliefs, decision making toward traditional Thai musical
instruments. This was done by individually considering of students’ interest which are the
consistency of listening to traditional Thai music, the inclination to attend traditional Thai
music festivals or activities, including the students concern about maintaining and continuing

one of the most precious items Thai culture, traditional Thai musical instruments.

Conceptual framework of this study

The conceptual framework of this study is an attempt to identify the relationship
between the independent variable which is using of the SoSTI course and the dependent
variables which are the development of students’ scientific creativity, students’
understanding in science of sound before and after taking the course. Also, to identify

students’ attitude toward science before and after studying this course, and the Thai
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students’ awareness of the precious culture and tradition, emphasizing traditional Thai

musical instruments as is shown in Figure 1.

Independent Variable Dependent Variables
1. Students’ scientific creativity
Using the science 2. Students’ understanding in science of sound
of sound in traditional Thai 3. Students’ attitude toward science
musical instruments course > 4. Thai students’ awareness in the precious
via integrated  teaching culture and tradition, emphasizing on
approach traditional Thai musical instruments

Figure 1 Conceptual framework of this study

Research hypotheses

1. After complete the SoSTI course, the students’ scientific creativity will increase.

2. The students’ post-test score in understanding in the science of sound will be higher
than on the pre-test.

3. The students’ attitude toward science at the end of the course will be positive.

4. The students will have become more aware of their Thai culture and tradition

especially traditional Thai musical instruments after completing the course.



CHAPTER 2
REVIEW OF THE LITERATURE

This chapter is a review of the available literatures related to this research
particularly dealing with:
1. Science of sound
- Some issues that teacher faced
- The relationship between physics and music
2. Traditional Thai musical instruments
- An overview of traditional Thai musical instruments
- The classification of traditional Thai musical instruments
3. Curriculum development
- An overview of curriculum development
- The types of curriculum
= Curriculum versus Instruction
= Curriculum development: process and design
4. Interdisciplinary curriculum
= Introduction of interdisciplinary curriculum
- Model of curriculum integration
5. Constructivism
- An overview of constructivism
- The theories of constructivism
- Social constructivism and Socio-cultural Theory (SCT)
- Teaching and learning in constructivist perspective
6. Integrated teaching approach
- Introduction of integrated teaching approach
- Effective learning environment and learning cycles
- The varieties of learning approaches
7. Scientific creativity
- The concepts of creativity
- The six approaches for understanding creativity

- The models of creativity
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- The definition of scientific creativity
- The differences of artistic and scientific creativity
- Assessment test for scientific creativity

- Teaching for creative thinking in school

1. Science of sound
Some issues that teacher faced

The studies of sound and acoustic provide a way to access into common
understanding of waves through the study of an occurrence or phenomena that is closely
associated to our sensory perceptions (Merino, 1998: 101). It is debatable that wave
concepts are crucial for understanding not only sound or light but also other everyday life
phenomena (Bemmel, 2003). In the same fashion, understanding the concept of wave is
important in sense that it is fundamental knowledge to understand other concepts of
physics such as physical optics, quantum mechanics, and electromagnetic radiation
(Wittmann, Steinberg & Redish, 1999).

Sound is a difficult topic and is one of the most important disciplinary subjects in
science (Bisesi & Michelini, 2008). The features of waves are intangible and concrete
(Echols, 2007). Many students are unable to construe general interpretations of sound
waves. In addition, many students are incapable of explaining the underlying wave model of
sound, or do not have a logical model of physics. Even though, they are at the university
level. Moreover, most students had enormous intricacy in distinguishable ability to
differentiate between the propagation of sound waves and the motion of the medium
through which it travels. It is arguable that the students’ explanations of sound propagation
are not very comprehensible (Linder, 1992). In addition, lecture instruction or conventional
instruction with related homework problems or discussions in the classroom are not enough
for the students to understand the basic properties of waves and sound propagation
(Wittmann, Steinberg & Redish, 2001).

Similarly, Bemmel (2003) had done his research by testing the improvement of
students’ conceptual understanding and used the tests developed by Wittmann (1998). This
test was originally designed for the students at the University of Maryland. However, the
results are similar. Students do not have a consistent picture about properties of waves.

They can correctly answer the question about sound properly but the question about the
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string incorrectly. Moreover, the exceedingly high-level mathematics seems hopeless for
students to improve their deep conceptual understanding.

The conventional instructional strategies, such as lecture and textbook, are basically
an ineffective approach to help most students achieve to the goal of understanding.
Generally, students can pay attention only 10-15 minutes in listening to serious knowledge
and they cannot analyze and emphasize the knowledge at the critical thinking level within
this short period of time. Besides, nearly no students know the right way to acquire
understanding during lecturing. Most students write down everything on the board without
thinking and connecting the specific definitions or symbols used (Knight, 2004).
Constructing relevant and reachable common science curricula to the upper secondary
school students without making it insignificant is an extensive challenge to the upper
secondary school science teachers. Moreover, various instructional strategies can be used
to engage students’ interests, for example, enjoyable demonstrations and fun activities
occasionally are helpful to encourage student interest (Echols, 2007). In science subjects
such as physics, teaching physics should present physics content undoubtedly and logically
(Marshall & Linder, 2005) and requires more than a chalk-and-talk to present the physics
formulae. Additionally, teaching physics needs to teach along with the real objects or
situations and should not just only compare the differentiation (Linder, 1992). Physics
Education Research (PER) initiated that connection between theories and essential
phenomenal/experiments is the superlative way that students learn best (Knight, 2004).

Knight (2004) indicated that the science teachers are a great resource of factual,
conceptual, and procedural knowledge about science. However, this resource is not suitable
for the student. Ideas like the wave phenomena, if the impedances are mismatched,
knowledge will mostly transmit or reflect. The properties of sound that student perceived do
not correspond to the instructional strategies teacher uses especially in the specific
properties like sensory properties including loudness, pitch and timbre are fundamentally
subjective and depend on individual perception. Additionally, identifying these properties
with physical characteristics is a general mistake (Merino, 1998: p102).

The topic of waves is the first situation where students are confronted with functions
of two variables. For the students, physics and mathematics are almost the same piece.
Students have difficulty when trying to see the dissimilarity between the two. Linder (1992)
proposed that students could not explain the different between light and sound, try to use

mathematical formulas and calculations to clarify their explanations. In the topic of sound in
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science subject, Merino (1998: p102) showed that students generally have a set of incorrect
ideas about sound such as:
1) Students do not know that intensity and loudness are different.
2) Students believe that double the intensity of the sound wave means doubles
the sound intensity level.
3) Students understand that fundamental frequency (f,) is decreased to half its
value, fy/2, then the related pitch will be halved.
4) Students understand that the same acoustic energy will produce the same
loudness rather than frequency.
5) Students are unaware of the existence of virtual pitch.
6) Students ignore the fact that loudness, pitch and timbre are interdependent
properties of sound.

Another problem that teachers have faced is with textbooks. The pictures and
graphical source especially in the topic of wave and sound are visibly static and illustrate
only one dimension particularly transverse waves, longitudinal waves and waves in two or
three dimensions are more complex for students to imagine. Students constantly
misunderstand about the amplitude of the standing sound wave in air-filled tubes is equal to
the radius of the tube but in fact is not (Knight, 2004). According to Linder & Erikson (1989),
they present the conceptualizations of sound from 10 Canadian physics graduates students
who will be the secondary school physics teachers by using interview protocols. This
research found that students are able to give the definitions of sound wave in both the
microscopic and macroscopic perspective. However, the additional comments indicated that
the student accounts for this conceptualization in terms of the visual and apparent
representations that can be characteristically seen in the physics textbooks for example the
diverging rings. Furthermore, these students’ visual representations tend to be the problem
of linking among the sound phenomena, and the concept of waves and mathematical
problems in sound topic. Occasionally, pictures, schematic representations and the
explanations may be misleading and are frequently incorrect. For example, in the case of
sound it is common to find sinusoidal waves presented in a graphical format that visually
looks like a transverse wave (Linder, 1992). However, Echols (2007) stated that graphs of
waves are predominantly useful for defining and representing the wave properties.

In summary, the issues that teachers faced in science of sound topic divided in 3

main issues as the following;
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1. The difficulties in the science of sound topic are students’ understanding of
sound propagation, students’ logical model in wave and mathematics problems.

2. Teaching approach or instructional strategies in a conventional ways are not
suitable for students to keep their attention.

3. The textbooks occasionally mislead and are frequently incorrect (Knight, 2004).

The relationship between physics and music

Physics is the underpinning of understanding of natural science. Not only the natural
science but physics also is the foundation of understanding in art and music. Physics and
music have a close relationship. Joseph Eger (2005), the musician, states that physics and
music are an interdisciplinary complement of each other (Jittraporn Tanrattanakula, 2007:
410). Besides, both musicians and scientists’ works contain the same rudiments of
performance and the creation of novelty. In music aspects, the process of compositions can
be compared with the process of theorizing, constructing and linking ideas in scientific
methods are based on the imagination. The performance in music is the same process of
experimental practice, measurement and analyzing the data in science process (Monk &
Poston, 1999).

Music is a specific field of study that engages people who are not straightforwardly
attracted to conventional physics, and it provides an outstanding context to explore physics
(Gibson & Johnston, 2002). Physics of sound generally involves the study of the intrinsic
properties of loudness, pitch and timbre that directly entails to music (Merino, 1998). It is
necessary to have natural physics lessons integrating to other subjects such as music, art
and physical education (Milicevic, Markusev, Nesic, & Djordjevic, 2007).

Sound is an important part of students’ lives (Karri, 2007). The nature and behavior
of sound and the music instruments match very well to each other and is able to increase
the interests of students in the classroom (Pejuan, 2000). Furthermore, music possibly
provides a familiar and optimistic context in learning science. The delight and aesthetic
aspects of music can tremendously engage the students’ interests. The ordinary interest in
music is not a technical foundation although there is the valuable of cultural references.
Music is essentially spectroscopic. Students can learn about science even though teachers
teach them about music intervals, scales, overtone series, consonance and dissonance,
vibration of musical instruments and timbre all provide constructive and supportive

instructional materials for science of sound teaching and learning including the significance
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of music and musical instrument (Gibson & Johnston, 2002). Additionally, music provides an
effective context in which student can learn physics and science concepts while developing

a more positive attitude toward science.

2. Traditional Thai musical instruments

An overview of traditional Thai musical instruments

“The man that has no music in himself, Nor is not moved with concord of sweet sounds, Is fit
for treasons, stratagems and spoils, The motions of his spirit are dull as night, And his
affections dark as Erebus: Let no such man be trusted.”

William Shakespeare. (1916). The Merchant of Venice

Many research studies reveal that musical instruments provide many
comprehensible examples of standing waves and are helpful to solve the mathematical
exercises and numerical problems such as measuring the length of an open-opened tube
and open-closed tube musical instruments, flute or clarinet respectively to predict the lowest
note (Knight, 2004). Additionally, the concepts of a standing wave in tubes can be
introduced by playing various samples of musical instruments in the classroom (Pejuan,
2000). Musical instruments create various forms of standing waves to produce the complex
sounds. Moreover, different musical instruments produce dissimilar types of standing waves.
However, each instrument has an individual set of natural frequencies related to its size,
shape and length (Echols, 2007).

Pejuan (2000) states that the nature and behavior of sound created from the
musical instruments can increase the students’ interests. Pejuan developed an elective
physics course in music and acoustics by using the bugle, the typical musical instrument for
the military. This instrument is essentially a tube of fixed length with both ends open. This
course can stimulate the students’ interest. The learning efficiency increase is visibly seen
when a comparison is made between the students who attended this course and those who
attend the general physics course.

Echols (2007) proposed that woodwinds and brass instruments provide different
systems of creating the sound and sound qualities. Nevertheless, creating different sounds
and sound quality depend on changing the length of a vibrating air column. Woodwind

instruments generally use single or double reed to create the air column’s vibration by
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converting a steady stream of air into a series of puffs, creating the compression wave is
the basis of wind instruments.

According to traditional Thai musical instruments, the Thai people and music have a
close relationship. Thai music really presents the way of life of the Thai people. In general,
we used traditional Thai music in every social activity and ceremony such as ceremony of
tonsure, funeral, wedding ceremony and others cultural celebrations. Because of the long
history and the identity of traditional Thai music and musical instruments, these present the
uniqueness and preserve Thai culture and wisdom until now.

The aesthetic of traditional Thai music is quite abstract although the beautiful of
music can arouse the pleasantness and also bring happiness. Listening to traditional Thai
music, people need to understand that each traditional Thai musical instrument can
produced a different sound and has its own melody. The history and development of
traditional Thai musical instrument is unclear. There are two historical points of view about
traditional Thai music.

Firstly, we presume that traditional Thai music has obtained influence from India
because India is an important ancient culture that related to the religion, beliefs and art of
all Asian countries. Secondly, we believe that traditional Thai music came from our own
ancient knowledge and wisdom (Pisarn Indhawong, 2003). However, the Department of
Fine Arts of Thailand (2001) identified that the Thai people definitely knew how to make
musical instruments by themselves or to copy patterns of the other countries and adapted
them to their own style. Since the ancient times the Thai people were located in southern
China, it seems that the Thai people constantly loved music and singing, and had musical
talent. Many researches of the historians substantiate that Chinese music may have
evolved from the music of Thai ancient kingdom. The Thai unquestionably used some of
the Chinese music instruments to be the prototypes of their own musical instruments and
adapted the models of others. In addition, the Thai devised several kinds of music
instruments before they may have obtained influence from India culture.

The development of traditional Thai music and musical instrument apparently
continually occurs from Sukhothai , Ayuthaya, Thonburi and Rattanakosin eras respectively.
Traditional Thai music and musical instruments were extremely prospering and successful
in the rein of King Rama VII (1925-1934) in Rattanakosin era, he immensely interested in
traditional Thai music and supported Thai musicians in every aspect. On the other hand,
after the Siamese or Thai kingdom had changed the political system from absolute

monarchy to constitutional monarchy in 1932, the government in those periods had a policy
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to increase the pace of modernization in Thailand. This policy did not allow the Thai
musicians play the musical instruments because they thought that playing Thai classical
music instruments obstructed the development of Thailand in becoming a civilized country.
Therefore, at that time, traditional Thai music and musical instruments gradually declined.
Additionally, Western culture and musical instruments started to become a part of daily life

of Thai people up to now (Pisarn Indhawong, 2003).

The classification of traditional Thai musical instruments

Traditional Thai musical instruments are classified into three categories, percussion,
wind, and stringed instruments (The Department of Fine Arts, Thailand, 2001). Moreover,
Thai classical music instruments can be divided by the action used in playing into four
categories which are blowing, plucking, bowing, and striking instruments (Chaloemsak
Pikulsri, 1999). The oldest known types of traditional Thai musical instruments are the
percussion instruments. Percussion instruments used in Thai musical ensembles divided in
three groups; (a) Percussion instruments made of wood such as Grap say-pha- and Rana-t
ay-k, (b) Percussion instruments made of metal such as Ching and Khaw-ng wong yai, and
(c) Percussion instruments made of stretched skin or leather such as Ta pho-n.

Pipes of wood or bamboo were probably the first wind instruments made and were
used as signals by the ancient people in hunting. Later on, animal horns were another wind
instrument that humans used. Eventually, humans learned to put holes and reeds in the
pipe to create the different pitches and melodies of the musical sound. Subsequently, the
various kinds of wind instruments were increasingly developed. The Thai wind instruments
can be classified into two groups, the Khlui or flute-types and the Pi-, reed or oboe-types.
The names for almost every kind of Thai wind instruments come from the characteristic
sound that the instruments produce when played (The Department of Fine Arts, Thailand,
2001). Likewise, for the stringed instruments, Thai people classified into two categories,
plucked stringed instruments such as Jakhay- and bowed string instruments such as Saw-
dda-ng and Saw-0- (Pisarn Indhawong, 2003). The classification of Thai classical music

instruments can be seen in Table 1.
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Table 1 The classification of traditional Thai musical instruments (source: The Department

of Fine Arts, 2001)

Categories

Instruments

Description

Percussion

Grap say-pha-

It made of hard wood and consists of a pair of Grap each
of which is 21 cm. in length and 3-4 cm. in width with
square shape. One side is slightly convex, and the
opposite side is shorter and flat. The two corners at the
end of this short, flat side are cut off at a 45° angle. The
singer or reciter must use two pairs of Grap say-pha- one

pair in each hand.

Rana-t ay-k

Rana-t ay-k was developed from grap. The improvements
were made in the shape of the grap, and a mixture of
beeswax with lead shavings was applied to the underside
of each key causing the tone to be more “in tune”. The
grap which forms the keyboard are called “li-k rana-t”.
Rana-t ay-k has 21 keys. The lowest-toned key is 38 cm.
long, 5 cm. wide and 1.5 cm. thick. The keys decrease in
size and become thicker as the tones become higher. The
highest-toned key is 30 cm. long. The keys are hung on a
cord which passes through holes at each of nodes of the
keys 7-9 cm. This keyboard is suspended over the boat-
shaped body, similar to Thai river boat. The distance

between the two ends is 120 cm.

Ta pho-n is percussion instrument using stretched hide. It
is put on a stand and play on both heads with the palms
of the hand and the fingers. The body is made of teak
wood of the jack fruit tree and is made from a solid block
of wood which is cut and hollowed out into the proper
shape. There are two heads, one stretched tightly over
each open end. One head is larger, called na-thay-ng, and
25 cm. in diameter. The smaller head is called na-mat and
has diameter of 22 cm. a mixture of cooked rice and
ashes is applied to the center of the large head to tune it

to a more mellow tone. The length of the body is 48cm.

Khaw-ng wong yai

Khaw-ng wong vyai or “circle of gongs” is a further
development of the single gong. The circular stand for the
series of gongs is a framework made of a type of large
round rattan. It is placed on the floor and is 24 cm. high.
The gongs are placed with the surface and knob upward.
The largest and lowest-toned gong is at the left back end
and the 16 gongs are arranged in ascending order of

pitch, the smallest and highest toned gong being located
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Categories

Instruments

Description

at the back right end of the stand. The largest gong is 17
cm. in diameter, the smallest, 12 cm. in diameter. The
player sits inside the circular frame. The beaters or
playing sticks consist of circles of thick leather into the
center of which the wooden handle is inserted. A pair of

beaters is used, one being held in each hand.

Percussion

(continued)

Ching

Ching consists of a pair of cymbals, each of which is
made of thick metal, shaped like a teacup. The two ching
are played by hitting them together. Each one measures
from 6-7 cm. in diameter across the open side. At the
apex of each, there is a small hole through which a cord
is passed. The cord is continuous, fastening the two
cymbals together, and is for convenience in holing them in
playing position. The function of the ching is to beep time

and beat the rhythm.

Wind

Khiti are played vertically like the Western oboe and
clarinet. On the front side of khlui are seven finger holes.
At the lower end of the body there are four more holes
made in pairs at right angles to each other. All in khiui has
fourteen holes. Originally, there was one size of khlui, but,
after it was added to ensembles, three sizes evolved in
order to have an instrument commensurate with the
general volume of sound of each ensemble:
1)  Khlui li-p, this is the smallest size, 36 cm. in
length and 2 cm. in width.
2)  Khlui phia-an aw-, this is the middle size, 45-46
cm. in length and 4 cm. in width.
3) Khlui u-, this is the largest one, 60 cm. in length
and 4.5 cm. in width.
The material out of which the khlui is generally made is a
type of bamboo, but occasionally there are made of
hardwood and ivory, in the same sizes and regular

models.
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Instruments

Description

Wind

(continued)

Pi-naw-k

Pi is usually made of one of the hardwood. The wood
body is turned and shaped on a lathe-fluted outward at
both ends and slightly bulging at the center. At the upper
end there is a small hole into which the reed pipe is
inserted; at the lower end is a large opening. Along the
center bulge are six finger holes. Around the center bulge
fourteen pairs of small rings are lathed on, girding the
instrument. This gives the fingers support and prevents
their slipping. The reed of Pi- is made of four small, round
pieces of Palmyra palm leaves, placed in two double
layers and tied to a small tube made of brass, silver or
some other metal. There are three types of this shape of:
1) Pi-naw-k, the smallest size: 31 cm. in length
and 3.5 cm. in diameter.
2) Pi-gla-ng, the medium size: 37 cm. in length
and 4 cm. in diameter
3) Pi-nai, the largest size: 41-42 cm. in length and

4.5 cm. in diameter.

Pi-chawa-

Pi-chawa- is made in two parts which can be detached
from one another. The top part, called lao pi-, is long,
slender and slightly conical. The other part, the bell, is
called lam pho-ng. The reed is inserted in the upper part
of the instrument. The cylindrical body is 27 cm. in length,
and the lower bell part is 14 cm. long. The instrument has
seven finger holes in the front side and one on the
underside. The entire length of the instrument when the
two parts are joined together is 38-39 cm. the diameter of
the lower bell is 7-8 cm. The pi-chawa is made of

hardwood or ivory or both.

Stringed

Saw-0- is a two-stringed instrument. The head is made of
a rather large coconut shell without lumps and more of
oval shape. One of the small ends of the oval is cut off,
and a piece of goat or calfskin is stretched across the
opening which is 13-15 cm. in diameter. Two holes are cut
through the body at opposite sides, and the neck is
inserted through the sound box and fastened in place. The
neck is made of solid hardwood or ivory, 64 cm. in length
above the body. The instrument is 80 cm. in overall
length. Two tuning pegs are inserted through holes in the
neck, 17-18 cm. in length. The bow is 70 cm. long, made
of wood or ivory, and contains 150-200 horsetail hairs.

The bow is inseparably attached to the instrument.
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Table 1 (continued)

Categories Instruments Description

Saw-dﬁa-ng Saw-dla-ng is another two-stringed instrument. It is made
in similar way the Saw-0- except that it is smaller in size.
The overall length is 72 cm. the bow is 70 cm. in length,
contains from 120-150 horsetail hairs which pass between
the strings the same as with Saw-0-. The tuning pegs are
the same size. For the resonance box of the Saw-dda-ng,
It made from hardwood or ivory, 7 cm. in diameter and 13

cm. in length. The head is usually the skin of the python

or boa-constrictor snake. The other end of the resonance

box is left open. The tone of the instrument is higher and

Stringed

more penetrating than the Saw-0-.

(continued) Jakhay- Jakhay- is made to be played sitting horizontally on the

floor or ground. The body of instrument was made in

Mshape of a crocodile. The w ord for crocodile in Thai is
jaw-rakhay, which was gradually shortened to Jakhady. The
instrument is made in two-parts- the long narrow neck and
the body of sound box, each side of which bulges out.
The head section is 9-12 cm. deep, 52 cm. long and 28
cm. wide. The top slopes gently downward at the edges.
The “tail” part is 81 cm. long and 11.5 cm. wide. The
entire length of the instrument is 130-132 cm. The
instrument is made of hardwood. There are three strings
along the top of the body- one of brass and two of gut
with 11 frets. The plectrum is made of bone or ivory,

cylindrical in shape 5-6 cm.

In summary, traditional Thai musical instruments was divided in 3 main categories,
percussion, wind, and stringed instruments. The SoSTI course will use all of musical
instruments in Table 1 represent each kind of traditional Thai musical instruments in order

to make students understand how the instruments create sound in different ways.

3. Curriculum development
An overview of curriculum development

Curriculum is defined as a set of documents, plans, or teacher’s works in order to
structure the content and teaching approaches to be taught in a school and is involved
directly with school system. Curriculum frequently seems to be the main organization of the
school. It represents as an undertaking to present what the school would like to think or
plan for the students and teachers. Curriculum in school will be provided a significant and

valued leadership opportunity and service (Longstreet & Shane, 1993; English, 2000;
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Hanna, 2003). Curriculum is not the same as a syllabus. Syllabus normally composes of the
contents of a discourse or the series of lecture topics. Conversely, curriculum is something
that actually happens in the classroom such as teaching and learning activities and how to
organize, prepare and evaluate those activites and achievement of the course
corresponding to the objectives and learning outcomes (Smith, 1996, 2000).

Curriculum is the course which is designed for students. The content will be planned
to include instructional strategies. However, instructional strategies may or may not be
emphasized as a part of the curriculum’s content (Longstreet & Shane, 1993: 47).
Curriculum or course, as a plan for learning, mainly comprises two compositions which are
vision and structure. Vision refers to the beliefs or feelings of people in form of some
conceptualization of reality. Structure is the basic organization or plan to implement the
vision and knowledge to the learners (Wiles & Bondi, 1989: 3). Planning is a time
consuming process. Developing a productive curriculum is a complicated, continuing and
cyclical process dependent on how meaningful and activities including teaching strategies to
promote students’ learning (Posner & Rudnitsky, 1997: 2; Hanna, 2003: 4). The
development of curriculums, course or units of teaching is important responsibilities which
deserves as much attention and care as every aspect of curriculum development (Taba,
1962).

Goodlad and Su (1992) proposed four levels of curriculum to explain specifically the
level of involvement to the students. Firstly, the societal level is the curriculum that designed
by public such as government and the expert groups by using sociopolitical process. This
level of curriculum does not involve to the students. Secondly, the institutional curriculum or
explicit curriculum is mostly influenced from societal curricula and created by educators and
people who are in the school area. This level of curriculum is generally the structured
content and topics to be learned by planning and writing standards, lesson plans and
teaching and learning guides. Thirdly, the instructional curriculum means the curriculum that
teachers design and teach in schools. This level of curriculum relies on the authority of the
school and mostly individual teacher’s thought. During teaching and learning in classroom,
an instructional curriculum is frequently changed and hardly follows the plan because of the
student responses or other unexpected situations. The final level of curriculum is the
experimental curriculum. This level of curriculum, in fact, is perceived and experienced by
students. Students come to classroom with different background of knowledge and
motivation. Hence, the experiential curriculum is the curriculum that internalized and created

individually by students (Goodlad & Su, 1992).
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The types of curriculum

Glatthorn (1994: 28) divided the types of curriculum into four separately types that

can be seen in Figure 2.
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Figure 2 Types of curriculum (Glatthorn, 1994: 28).

1) The mastery curriculum is the curriculum that has high importance for all students
and high structure in the teaching and learning process. This type of curriculum importantly
emphasizes well-conceived planning and clear teaching and requires an elevated standard
of guides including data collection instruments and assessment tools

2) The organic curriculum has high importance for all students but low structure in
learning and teaching process. The experts and educators certainly consider that every
student should obtain organic learning. This type of learning is possible, even though it has
low structure unlike the mastery curriculum. However, the organic curriculum actually
concerns in caring and protecting the students instead of directly focus on teaching.

3) The team-determined enrichment curriculum, on the other hand, has low importance
for every student but high structure of teaching and learning process that means learning
should be have a good planning and explicit teaching. This type of curriculum does not put
and emphases on the students and how they understand knowledge, however, it commonly
is concerned about content knowledge and discipline.

4) The student-determined enrichment curriculum, the last type of curriculum, by
Glatthon, has a low importance for all students and low structure of teaching and in the
learning process. This type of curriculum is generally created by students as they
separately try to achieve their own interests. Moreover, to create this kind of curriculum the
teacher and students should meet each other for a while before beginning the curriculum

developing process (Glatthorn, 1994: 28).
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Curriculum versus instruction

The terms ‘Curriculum’ and ‘Instruction’, are sometimes used interchangeably and
confusingly. However, these two terms are not the same concepts and it is imperative to
differentiate the instruction and curriculum. Instruction is defined as a sequence of situations
or events that anticipate achieving some learning outcome and is a process. Instruction
refers to what is to be completed or what is to occur in the learning process. On the
contrary, curriculum is obviously not a process. Curriculum generally refers to what is taught
or what is planned to be studied in the school. Curriculum is consequently involved with a
set of document, plans and learning results and how to systematize all of them (Posner &
Rudnitsky, 1997: 7-8). Curriculum is different from instruction, nonetheless, these two terms
also interrelate and affect to each other. The interrelation between curriculum and
instruction relate to what is taught and how to teach (Sowell, 2000: 5).

Johnson (1967, cited by Sowell, 2000: 8) proposed the model regarding to the
relationship of between curriculum and instruction. This model presents that curriculum and

instruction are thoroughly connected as can be seen in Figure 3.
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Figure 3 The relationship between curriculum and instruction model (Johnson 1967,

cited by Sowell, 2000: 8)

The functions of curriculum and instruction normally are under the control different
groups of people. However, the curriculum functions are disconnected from instructional
functions but they have some relationships. The people who are going to develop the
curriculum will be selecting the content from the source dependent on intended learning
outcomes. For instructional systems, the teacher has an important role in this system.
Teachers, as instructional planners will be planning the teaching approaches based on their

knowledge and experiences corresponding to the learning outcomes of the students.
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Teachers will use the same source as with the curriculum system in order to decide on the
content (Sowell, 2000: 8). There are two views of curriculum content, static and dynamic
views which mean that the content can be unchangeably followed to the clear objectives
created before or it can be changed and applied depending on the situations in the
classroom. If the static view of curriculum content is occurred, the content and the
curriculum will become almost the same thing because of the curriculum is the plan for
studying the content and results in an undoubted understanding of the learning objectives
and outcomes (Longstreet & Shane, 1993: 44). It assumes that the curriculum development
system is similar to a blueprint of an architectural plan and the instructional system is
similar to time schedule of construction process (Posner & Rudnitsky, 1997: 8).

In summary, the relationship between curriculum and instruction model shows that
curriculum development system obviously guides instructional system. This model also
concerns about the evaluation system including discernible information and data collecting
instruments. These experiential outcomes are reflected back into the curriculum
development system and will lead to curriculum improvement and completing the cycle

(Sowell, 2000: 9).

Curriculum development: process and design

Developing and improving a curriculum is complicated and involves many groups of
people in many related fields such as educators, experts, teachers, students, administrators
and people in society (wiles & Bondi: 1989: 118-119). Curriculum or course development
requires the superlative attention of the rationale of the curriculum, the organization of the
content, teaching strategies, implementation and evaluation (Posner & Ruditsky, 1997: 11).
Moreover, curriculum development should be concern with and understand of the issue of
the context including test development and instruction (Warnakulasooriya & Bao, 2002: 1).
There are many experts, educators and curriculum developers who proposed the process
and design including models of developing course or curriculum.

According to the original studies, Ralph Tyler (1949) and Jerome Brunner (1960)
are the two originators that worked particularly on curriculum and the curriculum
development (Howard, 2007: 1).

Ralph Tyler (1949, cited be Howard, 2007: 2) proposed curriculum development

principles called product approach and divided into four corresponding steps which are;
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1) Defining goals or objectives of curriculum,

2) Creating learning experiences,

3) Organizing learning experiences, and

4) Evaluating effects and outcomes

Tyler's theory of curriculum development was reasonable and uncomplicated but
since educators’ interest is in learning experiences with more complex results that it is not
easy to evaluate this theory and is unsupportive.

In 1960, Jerome Bruner proposed the theory called ‘spiral curriculum’. Bruner
described effective curriculum as a spiral to improve the skills, concepts, attitudes, and
extend the results and outcomes (Howard, 2007: 3).

Later on, Hilda Taba (1962: 9-14) proposed another approach to design the
curriculum. All curricula have their own specific design and the design generally emphasizes
several elements which are the particular objectives, the organization of content, the
teaching and learning process, and evaluation of the results and outcomes. In addition,
curriculum is a way of preparing the students to partake in their own culture as the
achievable members. The nature of the learning process and knowledge is helpful for
structuring the curriculum. The way to develop curriculum to be more rationale and
scientific, curriculum developer have to be concerned about society, culture, and student’s
learning process and has to analyze the nature of knowledge in order to decide the goals of
curriculum (Smith,1996, 2000; Taba, 1962). There are certain crucial problems of a
curriculum design which are deciding the scope of anticipated learning, establishing and
organizing the continuity of learning and appropriate series of content, and combining ideas
from different areas. Taba (1962: 9-14) divided an approach to design the curriculum into
seven steps as seen in the following;

1) Diagnosis of needs

2) Formulation of objectives

3) Selection of content

4) Organization of content

5) Selection of learning experiences

6) Organization of learning experiences

7) Determination of what to evaluate and of the ways and means of doing it

It is significant to diagnose the curriculum needs because of students having various
backgrounds. Curriculum developers should be concerned with and create the most proper

curriculum for all students. Formulation of unambiguous objectives is important for
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determining and organizing the needed content to be taught. The next two steps are
selection and organization of the content. These two steps involve curriculum validity and
significance, the differentiation between the levels of content, the level of development, and
the continuities of the learning process. In selecting and organizing learning experiences,
these two steps of Taba’'s approach emphasizes on application of some learning principles,
strategies of concept accomplishment and the student’s attitudes. Ultimately, all the plans
and strategies need to be evaluated in the final step (Taba, 1962: 9-14).

Wiles and Bondi (1989: 17-19) have summarized the general structure of the
curriculum development process into four steps, analysis, design, implementation and
evaluation respectively.

1) Analysis: This step directly involves with establishing curriculum objectives.
Objectives help to structure and identify the direction of the curriculum. Curriculum
objectives actually come from the analyzing of prior background and knowledge of students.

2) Design: The objectives of the curriculum lead to designing an action plan. A plan
commonly focuses on organizing content knowledge, timing of the whole structure of
curriculum, and creating learning activities.

3) Implementation: This step involves the application of resources and training by
inferring using of designed curriculum as the primary independent variable.

4) Evaluation: The curriculum evaluation reflects the effectiveness of curriculum
objectives (Wiles & Bondi, 1989: 17-19). Curriculum evaluation also underlines on the
accomplishment and value of the curriculum, plan, content, and implementation (Longstreet
& Shane, 1993: 143).

Wolf, Hill and Evers (2006: 5) concluded the process of curriculum development into
the model as shown in Figure 4. Consider the steps in this model; all steps will lead to the

curriculum assessment process.
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Curriculum Development Process

Peter Wolf, 2005
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Figure 4 Curriculum development process model (Wolf, Hill & Evers, 2006: 5)

Wolf, Hill and Evers (2006) designed this model for the program in university level
and general curriculum developers. According to this model, objectives are the needs of the
curriculum development process. The challenge is to change the objectives to become
precise, accurate, assessable, and reachable results and outcomes. Types of educational
experiences and foundational content or areas of specialization have to identify for
preparing the curriculum planning process. When the experiences have been identified, the
curriculum developers should begin to focus on the particular order of the course by
considering the content to be first taught. The course-level decisions in curriculum
development process usually concerns with the effectiveness, the efficiency, the
appropriateness and the adequacy of the curriculum. Consequently, the teachers or
curriculum developers will be selected the content, learning processes and experiences,
teaching resources and approaches including assessment tools to design the curriculum.
The selected content, strategies and instruments must importantly correspond to the
curriculum objectives (Wolf, Hill & Evers, 2006: 5-6; Roth & Miller, 2005: 507).

Rajasekar (online: 3) proposed a simplified systems in designing of the course and

curriculum that can be seen in Figure 5.
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Figure 5 A simplified systems approach to course and curriculum design

(Rajasekar, online: 3)

A simplified systems approach to course and curriculum design by Rajasekar
divided into six stages related to each other which are:

1) Consider target population characteristics and topic area

In order to develop a curriculum, the teachers should be considering the
backgrounds, interests, knowledge, misconceptions, attitudes and skills of students
including the proper course content to be taught.

2) Estimate relevant existing skills and knowledge of learners

Estimate relevant existing skills and knowledge of learners are the important stage
for curriculum development. However, in the higher education, students may not necessary
to have paper qualifications. There may be minimum standards of entry to the course.

3) Formulate objectives/learning outcomes

The objectives and learning outcomes of the course will endeavor to the new skills,
knowledge or attitudes that students need in the classroom. The objectives and learning
outcomes can be created by both the teacher and students or the experts and educators

that are involved in developing the curriculum.
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4) Select appropriate instructional methods

The objectives and learning outcomes from the former stage will easily help the
curriculum developers to identify and decide on the appropriate instructional approaches
and strategies to teach the student.

5) Operate course or curriculum

Operating course or curriculum refers to implementation of the course. This stage
focuses on using the curriculum in the classroom and ensuring that the course is work and
run as completely as possible.

6) Assess and evaluate

The assessment tools should be intimately associated to the specified course
objectives and learning outcomes. The efficiency of the curriculum will be reflected in this
stage (Rajasekar, online: 3-5).

In summary, the SoSTI course is a type of the instructional curriculum designed by
researcher to follow the seven steps of Hilda Taba’s curriculum development. This course is
also the curriculum mastery type. It significantly emphasizes on the teaching and learning
process in order to make the most effective, supportive and appropriate course correspond
to various students’ learning styles especially for non-science upper secondary school

students as much as possible.

4. Interdisciplinary curriculum
Introduction of interdisciplinary curriculum

Interdisciplinary or integrated curriculum is an important and a complicated issue in
educational systems. In modern society, the increasing use of application and oriented
knowledge is obviously demanding, and scientific knowledge normally requires the
incorporation and integration of knowledge from different scientific disciplines (Besselaar &
Heimeriks, 2001; Moss & Noden, 1995). The idea of interdisciplinary curriculum is difficult
as aforementioned. There are many linked concepts appearing with various interpretations
such as multidisciplinary, cross disciplinary, pluridisciplinary, interdisciplinary, and
transdisciplinary (Thompson, 1990, 1995 cited by Besselaar & Heimeriks, 2001; Meeth,
1978 & Piaget, 1972 cited by Jacobs, 1989: 8). Integrated curriculum has many varieties of
names but all of the names depend on the different forms and methods of curricular
integrating, for examples multidisciplinary studies, interdisciplinary studies, fused curriculum,

transdisciplinary studies, unified studied etc (Relan & Kimston, 1991).
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The definition for integrated curriculum and related terms like interdisciplinary
instruction is ambiguous. These terms can be comprise of many various approaches and
can connote different ideas in different people (McClure, 2007). Many fields or curriculums
use the word “interdisciplinary” with an unclear definition (Klein, 1990). Interdisciplinary
learning and instruction particularly focus on a main theme, the application of knowledge
related to the theme and reflection of the thinking process, outcome and ability.
Interdisciplinary approaches, in addition, lead to a complicated organization of knowledge.
Interdisciplinary learning characteristics are modified from the characteristics of integration
of multidisciplinary knowledge across the main themes of a discipline (Ivanitskaya, Clark,
Montgomery & Primeau, 2002).

Boix Mansilla, Gardner & Miller (1998) characterized the three important features
that should be considered about the definition of interdisciplinary understanding which are;

1) Interdisciplinary should emphasize knowledge use in the curriculum.

2) Interdisciplinary should carefully focus treatment in each discipline.

3) Interdisciplinary should concern the appropriate interaction between or among
disciplines.

According to the level of integration used, there are three approaches for integrated
curriculum development (Drake & Burns, 2004; McNeill, Garcia-Godos & Gjerdaker, 2001).
These are;

1) Multidisciplinary: Teachers create a theme or topic through weaving several

content areas; different skills and concepts of various disciplines that are taught.

2) Interdisciplinary: Teachers create curricula around overlapping skills, concepts

and attitudes; interdisciplinary skills and concepts are emphasized

3) Transdisciplinary: Teachers systematize curricula around student questions and

concerns; real-life context is emphasized (e.g., project-based learning)

One problem teachers have faced was the difficult of integration. The difficulties
mostly come from the routine-disciplinary teaching, lack of instructional material support for
integrated topics, a different approach of student-centered teaching and learning and a
variety of communally oriented subjects (Lang & Olson, 2000). Jacobs (1989: 2) has made
some clarification about the problems that teachers faced when they plan interdisciplinary
courses and has proposed the two problems in content selection of the courses:

1) The Potpourri problem. This problem concerns the units or lesson plans that will

be become a sampling of knowledge from each discipline. The disciplines

essentially have an intrinsic scope and series used by curriculum planners. In
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contrast, interdisciplinary work has no general structure. The curriculum
developers have to design a content scope, create the curriculum outline and
series of interdisciplinary units, courses or lesson plans on their own.
2) The Polarity problem. Conventionally, interdisciplinary and the disciplinary
studies have been seen on the opposite sides and also have various differences
and conflicts with each other especially when the curriculum design was unclear
and it affects the teachers, real serious tensions can come out. Some teachers
have to defend themselves against the others to protect their subjects.
Otherwise, interdisciplinary learning should properly create knowledge that is more
holistic than knowledge constructed by discipline-specific studies or traditional learning.
Interdisciplinary approaches comparatively seem less effective than traditional approaches
for understanding the single-subject knowledge deeply. Moreover, the disciplines or subjects
in interdisciplinary learning and understanding are mostly uneasy to integrate and difficult to
present the relationship between the disciplines. In several cases, interdisciplinary curricula
tend to merge a variety of disciplines together. In this case, teachers can be taught in
different subjects and topics in the same time (Boix Mansilla, Gardner & Miller, 1998).

However, interdisciplinary curriculum definitely provides an outstanding opportunity
for students to gain more motivating experiences (Jacob, 1989; Barab & Landa, 1997; Boix
Mansilla, Gardner & Miller, 1998). Similarly, McClure (2007) states that integrated or
interdisciplinary studies also have potential to increase student learning efficiency. Students
who attend in any type of interdisciplinary or integrative curriculum totally do as well as, and
often better than, students who attend in a traditional curriculum (Vars & Beane, 2000).

The advantages of interdisciplinary approaches help students emphasize higher-
order thinking skills such as analyzing, applying and generalizing and help students connect
between and among disciplines or subjects to make a meaningful learning for the students

(Ivanitskaya, Clark, Montgomery & Primeau, 2002).

“Certainly, if it good to have a disciplined or to be disciplined, it must be even better to have

mastered more than one discipline, to “be interdisciplinary.” (Mitchell, 1995)

Many of researches and organizations also support integrated learning and
Interdisciplinary curriculum development. Project 2061’s benchmarks for science literacy
from the American Association for the Advancement of Science (AAAS, 1993) realize the
importance of an interdisciplinary curriculum, integrated development of knowledge

organized around main themes that affect to the diversity of science disciplines,
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mathematics, social studies, and technology (American Association for the Advancement of
Science, 1993).

Another project supported interdisciplinary curriculum is IMPEC (Integrated Math,
Physics, Engineering, and Chemistry Curriculum) from North Carolina State University. This
project straightforwardly emphasizes on the physics component of the curriculum and
explains the powerful effect of the collaborative classroom environment with the helpfulness
of technology and activity-based learning in various concepts and problem-solving
assessments including attitude assessment tools. This course was taken by freshman
engineering students. The results from both of qualitative and quantitative data designate
that students in the experimental courses achieve better result than students in traditional
classes. Students’ attitudes toward course are positive and this project also extraordinarily
increase the satisfaction and confidence rates of students (Beichner et al, 1999)

An integrated curriculum helps students easily understand an intricate interrelated
world (Gaff, 1989 cited by Relan & Kimston, 1991). Integrated curriculum or interdisciplinary
curriculum generally consumes more time than traditional curriculum in during the class.
Many teachers still use this approach because interdisciplinary curriculum is exciting and
enjoyable for students in the classroom, helps students increase scientific creativity,
encourages students to collaborate artistically with their classmates and is a trustworthy
approach to make students to become the successful learners (Barab & Landa, 1997). The
connections among apparently unrelated subjects that student perceived can be clearly
seen by using interdisciplinary approaches. In traditional or single topic approaches,
interdisciplinary learning comparatively encourages the students with more multifaceted
knowledge structures and presents the competency to connect between theories,
approaches, methods of inquiry, concepts, and paradigms (lvanitskaya, Clark, Montgomery
& Primeau, 2002). In addition, the proper design of interdisciplinary curriculum when
compare with traditional curriculums will encourage students to have a variety of

perspectives in a real larger world (Jacob, 1989).

Models of curriculum integration

Jacobs (1989): The interdisciplinary concept model

Jacobs (1989: 2) proposed the two criteria for creating effective interdisciplinary
course and curriculum. First, interdisciplinary curriculum must reflect concerns about

designs, a scope and sequence of content, the level of cognitive thinking skills; including
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higher order thinking, the behavioral indicator used to identify students’ attitude toward
courses and the evaluation method. Second, interdisciplinary curriculum must use the
advantages from both discipline-field-based and interdisciplinary experiences for students in
the curriculum.

The main purpose of this interdisciplinary model is to collectively integrate the
discipline perspectives and directly focus on the investigation of a central theme, subject,

issue, or problem. This interdisciplinary model can be seen in Figure 6.

Science ORGANIZING Social Studies

Figure 6 Interdisciplinary concept model (Resource: Jacobs. (1989). Interdisciplinary

curriculum: Design and implementation, ASCD. p56.)

Teachers can apply this model to create an interdisciplinary course, curriculum, unit
or program by following to this model systematically.

Step1: Selecting an organizing theme

An organizing theme apparently is an important center of curriculum development
that should be relevant to students interesting. The topic can be an idea, subject, event,
issue, or problem.

Step2: Brainstorming with associations

Brainstorming is an unrestricted approach for creating ideas. There are four

fundamental principles to promote brainstorming suggested by Osborne (1963).

(a) Criticism is excluded during the session.
(b) “Free-wheeling” is encouraged. Spontaneous and unusual responses promote creativity.

(c) A quantity of ideas is elicited. Evaluations will follow.
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(d) Combinations and improvements are sought. Participants should attempt to join two or

more ideas into another idea and to better blend proposed ideas. (p156)

Step3: Establishing guiding questions to serve as a scope and sequence

This step generally addresses the potpourri problem, and takes the arrangement of
brainstormed associations from the wheel and then organizes them.

Step4: Writing activities for implementation

Activity design or lesson planning presents what students will be doing to scrutinize
the interdisciplinary organizing theme. In the effective daily lesson planning, it should also
be able to encourage students’ critical and creative thinking.

Ivanitskaya, Clark, Montgomery & Primeau (2002): Application of Biggs & Collis
(1982) structural model to interdisciplinary learning

Ivanitskaya, Clark, Montgomery & Primeau (2002) have modified Biggs and Collis’
structural learning model (1982) called SOLO taxonomy (Structure of the Observed
Learning Outcome), this model can apply to every types of curriculum development. The
SOLO model accurately presents the describable structural learning levels that learners
have experienced. Structural levels divided into five levels which are prestructural,
unistructural, multistructural, relational, and extended abstract levels of operation. The

specific definitions of each level are shown in Table 2.

Table 2 Biggs & Collis (1982) Structural learning model (lvanitskaya, Clark, Montgomery &
Primeau, 2002: 105)

Observed Learning Outcomes
Structure level
Bigg & Coolis (1982, p.152)

Prestructural The task is engaged, but the learner is distracted or misled by an irrelevant

aspect belonging to a previous stage or mode.

Unistructural The learner focuses on the relevant domain and picks one aspect with which
to work.
Multistructural The learner picks up more and more relevant or correct features but does not

integrate them.

Relational The learner integrates parts of the structure with each other so that the whole

has a coherent structure and meaning.

Extended Abstract The learner generalizes the structure to take in new and more abstract

features, representing a higher mode of operation.
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The adaptation of Biggs and Collis' SOLO taxonomy into interdisciplinary learning is

concluded in Table 3.

Table 3 Application of Biggs & Collis (1982) structural model to interdisciplinary learning

(Ivanitskaya, Clark, Montgomery & Primeau, 2002: 106)

Structure level

Description within a context of

interdisciplinary learning

Outcomes

Uni-structural

(uni-disciplinary)

Learner focuses on a relevant

discipline.

Declarative and procedural

knowledge in one discipline

Multi-structural

(Multi-disciplinary)

The learner acquires knowledge in
several disciplines but does not

integrate them

Declarative and procedural
knowledge in several disciplines
that are related to a central

theme; multidisciplinary thinking

Relational
(interdisciplinary, limited to
one central theme or

problem)

The learner integrates knowledge from
several disciplines around a central
theme. Critical thinking skills are being
developed as the learner becomes
aware of the strengths and limitations
of the perspectives offered by each

discipline.

Interdisciplinary content thinking
(Declarative and procedural
knowledge); critical thinking
skills; some metacognitive skills;
advanced epistermological

beliefs

Extended abstract
(interdisciplinary, extended
to other themes or

problems)

The learner acquires a knowledge
structure that integrates interpretive
tools (methodologies, theories,
paradigms, concepts, etc.) from
multiple disciplines. The learner uses
metacognitive skills to monitor and
evaluate his or her own thinking
processes. The learner applies an
interdisciplinary knowledge structure to
new interdisciplinary problems or

themes.

A well-developed interdisciplinary
knowledge structure;
interdisciplinary content thinking;
critical thinking skills;
metacognitive skills; highly
advanced epistermological
beliefs;

Transfer of interdisciplinary

knowledge

1) Unistructural level: In this level, learner carefully emphasizes on one relevant

discipline or subject. The learner is supposed to identify the relations between the discipline

and the main theme of the course or curriculum and should be familiar with terminology and
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methodology of the discipline. The outcomes of this level are the declarative and procedural
knowledge have encouraged. Thinking skills in unistructural level will be reveal when the
learner enters to the main theme from the single-discipline’s point of view.

2) Multistructural level: At this stage, the learners obtain knowledge from several
disciplines, but still separately treat these disciplines rather than directly integrate them
together. The development of knowledge in this level seems to be multidisciplinary learning
rather than interdisciplinary learning.

3) Relational level: At this level, the learners primarily focus on the relation among
knowledge structures. The learners start to integrate knowledge by using metacognitive
skills and thoughts that are an analysis of thinking processes, cognitive strategies, and self-
control in learning and thinking as well.

4) Extended abstract level: At this step, the learners themselves gradually develop
an interdisciplinary knowledge structure and present the connection between the main
theme and other disciplines. The complicated knowledge structure comes from higher order
thinking such as critical thinking and metacognition. The complex knowledge structure can

be related or unrelated to the main theme of the curriculum.

Loepp (1999: 21-25): The two curriculum integration models

1. Problem-based model

This curriculum integration model is directly involved with technology education and
ideally is put at the center of the curriculum structure. The advantage of this curriculum
integration model is that it provides elevated possibilities to identify the relevance and
motivated problems. Conversely, the disadvantage of this model is the unclear structural
frameworks that is difficult to guarantee the corresponding between the national standards
and the grade level of students. The structure of the problem-based model can be seen in

Figure 7.
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Figure 7 The problem-based model (Loepp, 1999: 23)

2. Theme-based model

The theme-based model of integrated curriculum generally consists of 3-5 key
concepts. The advantages of this model are that teachers or instructors can still identify
relevance and motivated problems with a given discipline, it is easier to connect the
curriculum with national standards and state frameworks, and students are able to make
connections among objectives from different disciplines. The structure of the theme-based

model can be seen in Figure 8.

THEME
3-5 Key Concepls,

Mathematics Science Technology Language Arts Social Studies

Objectives

Figure 8 The theme-based model (Loepp, 1999: 24)

In summary, the SoSTI course was created by using Jacobs’ interdisciplinary
concept model. An organizing theme of the course is the science of sound. The related
topics are music (traditional Thai musical instruments), mathematics (calculation part),

chemistry and biology (natural materials used)
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5. Constructivism
An overview of constructivism

Constructivism is an epistemology and involves explaining the nature of knowledge
and human learning process. It also involves in creating or constructing individuals’ new
knowledge and understanding based on their prior knowledge or the things that they
already know (Richardson, 1997 cited by Ismat, 1998; Applefield, Huber, & Moallem, 2001;
Li, 2001: 433; Miller, 2002: 1; Overbaugh, 2004: 1; Luo, 2005: 36). Constructivism refers to
both a philosophy and a theory of learning (Technology Assistance program (TAP), 1998:
1). In philosophical way, constructivism connects the way of how humans see the world
including the nature of reality, the nature of knowledge, the nature of human interactions
and the nature of science (NOS) (Cakir, 2008: 197). Constructivism as a theory of learning
constantly emphasizes the learner's obligation and requirement to understand the novel
ideas, knowledge and information (Leong & Bodrova, 1996: 1). Many researchers and
educators have defined the meaning of learning. Learning necessary begins with the
problems and is commonly an examining, searching, and actively trying to construct
meaning. Moreover, the students’ learning process particularly stresses on basic knowledge
and skills of students rather than isolated facts (McHenry et al, 2005). Learning is an active
process and has also been called a reflective process. Learners and instructors have to
reflect their opinions or feedback during the classroom lesson (Technology Assistance
program (TAP), 1998: 1). Learning is connected to a particular context. The learning
process and knowledge construction systems are different in each person. It depends on
individual learner's knowledge and beliefs. One teaching strategy is may be effective and
suits for one particular group of students but not all (Luo, 2005: 38; Overbaugh, 2004: 1;
McHenry et al, 2005). In pedagogical way of teaching, Huber (2001: online) explains
constructivist learning as an interactive and communicative process. Constructivist learning
in this view is concerned the influences between people, how people as the learners
interact with the others. This can be inferred that learning processes emphasizes on
dialogue or discussion among people and on how people share individual learning
construction of knowledge to the others in everyday life.

Constructivism involves all inquiry learning, exploration of knowledge, personal
independence, and personal expressions of knowledge and creativity. Currently,
constructivist theory of teaching and learning has an important role in changing from

passive learning to active learning and becomes more extensively acknowledged in school
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(Technology Assistance program (TAP), 1998: 2). The way of learning in the constructivism
theory also supports learners to obtain essential knowledge and skills for finding meaningful
learning corresponding to the real world situations (Sun & Williams, 2004: 3). Constructivism
is also an incredibly expansive conceptual structure with various perspectives (Overbaugh,
2004: 1). A fundamental principle of constructivism depends particularly on learners.
Learners need to recognize and build their own knowledge on prior learning. In other words,
learners understand the world by linking new knowledge or information to their existing
organized ideas.

The model of different teaching and learning approaches in education proposed by
Hein (1995: 22) in Figure 9, illustrates the four approaches in teaching and learning. First,
traditional lecture and text, the teacher has to understand the content structure of the
subject to be taught and appropriately order and present the domain of knowledge to the
students. Second, discovery learning, this approach is similar to the first one that knowledge
exists outside the learners but it is significantly different about how knowledge is
constructed. In discovery learning, learners construct knowledge themselves by using a
personal mental model of the constructions. Therefore, learners can also obtain
misconceptions. Hein suggested that students in a discovery learning environment need to

have experiences rather than just to be told by the teachers.

Knowledge exists
outside the learner
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Figure 9 The model of different teaching and learning approaches in education

(Hein, 1995: 22)
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Third, Constructivism, the learners construct knowledge and continually restructure
and generate both of understanding and their ability to learn. The last approach in Figure
10, behaviorist learning, this approach believes that knowledge is increasingly gained but
knowledge has no need to exist outside the learners (Hein, 1995: 22).

In constructivist frameworks, learning activities are particularly described by inquiry,
active engagement, problem solving, and collaboration with others frameworks. Although,
students are the center of the learning process in constructivist classroom, the teacher is
definitely no less important. The roles of teachers in constructivist classroom have changed
from lecturers to facilitators (Applefield, Huber, & Moallem, 2001). The teacher is a
facilitator or guide who convince learners to ask questions, challenge, and express their
own ideas, opinions, thoughts, and conclusions in the classroom situations rather than just
telling of knowledge. In contrary, constructivist approaches for teaching and learning are
regarded as generating greater deeper understanding than traditional methods (Ismat,

1998).

The theories of constructivism

According to constructivist theory, it is absolutely not new. However, it is the best
way of thinking in educational philosophy today (Clark, online). Generally, the two most
acknowledged theories of constructivism were notably presented by Piajet, psychological
constructivism and Vygotsky, social constructivism.

Jean Piaget (1896-1980): Psychological constructivism

Psychological or Piajetian constructivism commonly considers the idea of education
as educating the individual learner and emphasize on individual cognitive development that
promotes the learner’s interests and desires (Ismat, 1998). Psychological constructivism
accepts that learners come to classroom with their ideas, beliefs, and opinions. These prior
knowledge need to be changed or modified by the teachers (Colburn, 2000: 9).The most
important purpose of Piajet research studies in the field of developmental psychology is to
explore and find out the growing process of knowledge within the individual mentality.
Piaget discovered in the cognitive constructivist perspective that the growth and expansion
of knowledge is a progressive production of understanding occurs within each person. His
research results revealed that individuals construct new knowledge from their prior
knowledge and experiences through the two significant processes called accommodation

and assimilation. Assimilation will be take place when the learner individually assimilates his



43

or her new experience or knowledge into an existing idea. Unlike assimilation,
accommodation is the process that the learners differently individually express their mental
representations connecting with the external world in order to gather new experiences that
are different from an individuals’ existing understanding. Piaget clearly stated that an
individual’'s cognitive structures create new knowledge and understanding when they are
disturbed (Clark, online).

The theory focuses on how learners do and think. Piaget recommends that learners
actually have very good reasons that teachers should emphasize and should not judge that
their opinions are mistaken (Ackermann, 2001: 1). Teachers, as facilitators have an
important role in this alteration by inventing the creative tasks and questions, creating the
excellent lesson plans or instructional materials that promotes discovery learning and hand-

on activities to the students (Ismat, 1998).

Lev Vygotsky (1896-1934): Social constructivism

Social or Vygotskian constructivism directly focuses on education for social
alteration and deeply corresponds to a theory of human development within a socio-cultural
context that derives from the interactions of society. Ismat (1998) concluded that social
constructivism included of situated constructivism, social reconstructivism, socio-cultural
constructivism, sociohistorical constructivism, and emancipatory constructivism. Social
constructivism emphasizes on the importance of social interactions for cognitive
development and the impact of culture and historical context on students’ learning and
understanding (Applefield, Huber, & Moallem, 2001).

Vygotsky’s works emphasize cultural and social factors that have influenced
cognition. Vygotsky advocates that the culture explicitly provide the learners the necessary
cognitive tools and skills learners’ development (Fower, McGill, Armarego, & Allen, 2002:
256). Initially, Vygotsky’s research studies mainly focused on child development and the
roles of culture, communication among people and the relation between the people and
society. Social constructivism stresses on how learning takes place in a socio-cultural
environment. The way that students learn is not as isolated from the others but students
learn as one of the members of society (Wilson, 2004: 1).

Social constructivism significantly connects with concept of scaffolding. Scaffolding
is a process that teachers use to guide the learners to understand what they suppose to

know based on the knowledge they already known. Sometime, scaffolding technique allows



44

students to perform tasks without the assistance and guidance from the teachers. Teachers
frequently support students’ individual development by allowing them to create their own
structure of knowledge. Consequently, scaffolding is an important characteristic of
constructivist learning and teaching. In addition, Vygotsky also interests in the development
of higher mental functions by observing social interactions between people in a child's life.
In the same fashion, like Piaget, Vygotsky certainly believed that learning and new
knowledge or understanding was constructed by the learners. He proposed two different
types of conceptual knowledge called spontaneous and scientific concepts. Spontaneous
concepts generally come from children’s reflection of daily life experiences. In contrast,
Vygotsky described the definition of scientific concepts as a cultural agreement of
understandings of people in society, or scientific concepts might be referred to a cultural
knowledge that occurs during the classroom activities, learning and instruction. Vygotsky is
a cognitive psychologist, thus, how learning can be move from individual understanding to
spontaneous concepts involving cultural sharing in scientific concepts is the most important
of his concern. Consequently, He used “Zone of Proximal Development” or ZPD to explain
where a child’s spontaneous concepts meet the logic of cultural reasoning. He also
assumed that this zone is different depend on individuals, and reflects the ability of the
learner to know the logic of scientific concepts in different level of human development
(Clark, online).

Jerome Bruner’s theory of constructivism (Overbaugh, 2004: 3-5)

Bruner’s theory of constructivism was influenced and developed by the preceding
theoretical research of Lev Vygotsky, and Jean Piaget. Bruner's constructivist theoretical
framework revealed that learners construct new ideas, concepts or knowledge based on
their own existing knowledge. Bruner offered the important suggestion that learner should
be active problem solvers and be able to explore and solve more difficult problems in
subjects of instruction that teachers provided.

Learners in Bruner's theory of constructivism use the inquiry method and learning
experiences to think and construct knowledge. Learners will gain the excellent opportunities
to construct new knowledge through real experiences provided by teachers. Bruner himself
developed three stages of representation. Unlike Piajet, theses three stages compared to
Piajet’s research and studies do not identify specific age of the learners. The first stage of
Bruner's constructivism called enactive stage. This stage emphasized the physical

responses of the learner rather than the learners’ descriptive skills in learning process. The
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second stage of representation called iconic stage. In this stage, visual images such as
graphs, diagrams, and tables are emphasized to present new knowledge and
understanding. Symbolic stage is the last stage of representation of Bruner’s constructivism.
In this stage, knowledge is represented in the form of words, mathematical symbols and
other language symbol systems. These three stages do not have to occur in order
especially in adult development. It is possible to switch from one to another during the
learning process. Burner's Constructivism is useful and can apply across various disciplines.
The learners and instructors have their own particular roles during the classroom activity
that help and support learners to develop the meaningful learning. Additionally, Bruner also
developed a supportive teaching method called discovery learning which is adapted from his
constructivist theory. Discovery learning is another way that science teachers should apply

for the planning of instructional strategies to promote scientific inquiry in the classroom.

Social constructivism and Socio-cultural theory (SCT)

Currently, many paradigms have occurred. One of the most powerful paradigms
especially in social and cultural sciences known as socio-cultural theory or SCT (Oers:
online). Socio-cultural theory fundamentally emphasizes on people, culture, tools and the
environment that involves all learning activities and human thinking ability (Kelly, 2002: 2).
The socio-cultural theory additionally focuses on social interaction that has influenced the
knowledge construction processes (Peer & McClendont, 2002: 136).

Vygotsky stated that human life is always related to the physical world including the
relationships among people and the natural world. People normally used symbolic tools,
signs, or cultural materials in order to communicate with others and to control the
relationships between them (Lantolf, 2000: 1). Mental action or thinking ability mostly comes
from the influences of culture, history, and institution that impact human life in the social
level (Vygotsky 1978). The social dimension has an important role to explicate of what
should be concerned about learning and how it happens. The difference between socio-
cultural theory and non-sociocultural theory of learning can be explained that if there is no
the examination of social interactions, learning in socio-cultural context can not be
happened. (Jeon, 2000: 35).

Learning in SCT context definitely connects with everyday social and cultural
activities rather than the individual separated activities (Rogoff, Baker-Sennet, Lacasa, &

Goldsmith, 1995 cited by Gallucci, 2007: 7; Jeon, 2000: 33). The relations among the
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individuals, their social community and environment, and the historical and cultural objects
that human made are the center focuses of this theory. Humans use the historical and
cultural objects and the artifacts as the tools to understand and to interact with the world.
Thinking and speaking are the effective ways that humans interact with the world. However,
the socio-cultural theory clearly believes that thinking and speaking is not the same thing
(Lantolf, 2000: 7). Learning in social and cultural context is needed to explain the meaning
in learning and socio-cultural theory can reach for the process of meaningful learning (Oers:
online). It is arguable that social context has an essential influence to student’s
understanding. On the other hand, scientific concepts come from the interrelationship and
systematic study in the classroom. Science learning will be effective and supportive,
teaching and learning in the classroom have to correspond and relate to real life context of
the students that means scientific concept students have learned in school should provide
the meaningful learning for them (Pinit Khunwong: online).

Vygotsky proposed the important factors that affects to socio-cultural learning theory
which are general laws of development, zone of proximal development (ZPD) and tools
(Pinit Khunwong: online). The Works of Vygotsky provided the underpinning in order to
apply socio-cultural theory to the learning process. He significantly stressed the active
interdependence between the social and individual learning processes. Vygotsky’'s study
explicitly underlined three most important themes. First, Vygotsky considered to the
cognitive development including higher-order thinking and learning and asserted that the
cognitive development is the developed from social interactions and mediated by intangible
symbols or tools. Second, he additionally firmly stated that these abstract symbols or tools
are the results of the socio-cultural development of the active learners. Finally, Vygotsky
concluded that learning is a developmental or genetic process. The general genetic
principle of social and cultural development focused on the importance of intention on the
process by which higher operating is set up (Peer & McClendont, 2002: 136-137).

General Laws of Development

Vygotsky (1978) stated that the learning development of a child will occur twice in
inter-psychological (in the social level) and intra-psychological level respectively (in
individual level). In learning process, learners have to have social interaction with the others
and environment. Social interaction will support the learners in knowing how to relate with
the new things, this is the first step of learning in the social level. Learners, then, need to

summarize the experienced they have gained from the social interaction in order to
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construct their own specific understanding toward the learning process and this is the
second step of learning in individual level.

Therefore, to integrate the social interaction into the classroom, teachers should
provide hands-on activities and cooperative learning such as paired students, small group
discussion and the activity the whole class can attend together. Moreover, students and
teachers should have interrelationship by reflecting, analyzing and giving feedback and
opinions to each other.

Zone of Proximal Development (ZPD)

Vygotsky explained that ZPD referred to the different between the levels of real
development that was determined by the individual's ability to solve the problem and
concealed development that was determined by the problem solving ability under the
experts’ suggestion or working with people who have more knowledge and skills (Vygotsky,
1978: 86 cited by Jeon, 2000: 37). Learning will occur when learners have obtained the
new knowledge and ideas in the higher level of their existing ability. However, reaching that
level, learners will probably need help from the experts or persons who have more
knowledge and skills than they do such as teachers and friends. Teachers can help the
students in several ways. Teachers can prepare appropriate learning context and materials
to the students including introduce the new ideas and instructional tools and give the
student suggestions by analyzing and interpreting from students’ behaviors and
communication (Driver et.al., 1994).

In the scientific context, ZPD is a process that teachers as the mediators who bring
students to meet science in daily life (Kozulin, Gindis, Ageyev, & Miler, 2003: 3). Socio-
cultural theory of learning by using the idea of zone of proximal development not only
focuses specifically on child learning but also emphasized on adult learning particularly
teachers and secondary school students. Socio-cultural theory expects both teachers and
students to become active participants in learning and teaching processes (Vygotsky 1978,
p. 86 cited by Jeon, 2000: 40).

The important role of Tools to learning process

The tools in socio-cultural learning theory refer to both of concrete and abstract
objects that are constructed and inherited by humans. In order to create the effective and
supportive learning in science concepts, the instructional materials should be the thing that
students are familiar with such as cultural materials and places. Starting to teach science
subjects with these materials as the mediators and resources is definitely helpful for

students to construct the knowledge and the meaning of learning (Pinit Khunwong: online).
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Wenger (1998) developed socio-cultural theory based on the belief that being
involved in social practice and activities is the basic process to understand the human
learning and how we become to be who we are. He proposed two crucial concepts that are
called participation and reification. Wenger defines participation as “the social experience of
living in the world in terms of membership in social communities and active involvement in
social enterprise” (p. 55). Participation is something that distinguishes individuals’ identity
relates to both of personal and social level even a complicated process that includes doing,
communicating, thinking, feeling and belonging in one person. The interplay between

participation and reification has been shown in Figure 10.
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Figure 10 Wenger's model of how meaning emerges from the interplay between

participation and reification (Wenger, 1998: 63)

Wenger’s idea about reification is useful in every study and practice. Reification is
referred the extensive processes such as making, designing, representing, naming,
encoding, and describing as well as perceiving, interpreting, using, reusing, decoding, and
recasting.

In summary, there are four specific important concepts of the socio-cultural learning
theory. First, learning process originated in the social level. Second, learning occurred
through the factors that affect the SCT context which are zone of proximal development
(ZPD), general law of development and cultural tools. Third, socio-cultural theory focuses on
learners’ actions and interaction to their community and the psychological tools that used.

Finally, socio-cultural theory not only focuses on the child’s learning process but also
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emphasizes adult learning process and the supportiveness of the experts toward students

(Vygotsky 1978, p. 86 cited by Jeon, 2000: 41).

Teaching and learning in constructivist perspective

One of the problems that teachers face from the past until now is deciding how to
teach (Zahorik, 1995). It is a very important responsibility of every educator and teacher to
find proper pedagogical techniques that can encourage students of all learning styles
(Miller, 2002: 2).

In Thai classrooms, students are the passive learners. Thai students spent almost
six hour a day listening to their respective teachers and they infrequently ask questions in
the classroom no matter what subject is being taught. The causes of this problem in
Thailand might be because students may be uninterested or feel uncomfortable to come to
school or because teachers do not have sufficient instructional materials and strategies to
motivate the students. The education in Thailand, the Ministry of Education supports
teachers to learn many teaching and learning theories, instructional strategies and
classroom management in order to develop a good atmosphere that is suitable for both
students and teachers. However, Thai teachers mostly still use the traditional teaching
methods such as lecturing which teacher is the center of the classroom that controls and
manages all activities in the classroom. The Ministry of Education made an announcement
in educational reform in the year of 2002 about one the new theories that certainly support
teaching and learning in Thai education which is “Constructivism” (Singhanat Nomnian,
2007).

The research results revealed that learning would occur when teachers, as the
facilitators, acquired students’ attention at the beginning part of the class. Even though, the
direct idea of instruction can be unquestionably support teaching strategies for all teachers,
it also has serious limitation. The limitation of idea of direct instruction relies on the purpose
of instruction and when the purposes of instruction are defined, students can obtain and
reproduce factual knowledge and skills, this instruction will be successful. However, when
the purpose of instruction requires higher ability level than reproducing and obtaining
knowledge and skills such as understanding, thinking, and creation, direct idea of instruction
is imperfect (Zahorik, 1995).

Teaching is a complicated process. Teaching and learning in constructivist

perspective are even more complicated than traditional teaching method. Teachers have to



50

significantly think about students first. The student is a person who deals with the
information by using his or her prior knowledge as the basic of act constructing. Students
are not just a group of people who received knowledge from teachers one-way but they are
also a group of people who create their own new knowledge and can give reversible
feedback back to the teachers (Miller, 2002: 4). The students in the traditional classroom
seemed to think that teaching in this way is impractical, ineffective, and unfeasible (Colburn,
2000: 11; Chang, 2005: 106). The traditional teaching approach directly affects the
students’ learning process in passive way (Fower, McGill, Armarego, & Allen, 2002: 255).
Miller (2002: 3) argued that lecture is an effective teaching strategy and can encourage
students to create their own knowledge and understanding if teachers use lecture methods
based on constructivism theory.

Constructivist theory of teaching explicitly provides more useful to lifelong learning
than traditional teaching approach (Luo, 2005: 39). Moreover, students will learn best from
lecture method or textbook if those kinds of learning are related with other things they know
or want to know (Colburn, 2000: 11). However, different teaching styles and strategies are
more helpful and have influence on students’ learning to succeed in the objectives of
learning than traditional style of teaching (Chang, 2005: 98). From the constructivist
perspective, there are many valuable approaches of teaching that supports how students
construct their own knowledge for example demonstration, cooperative learning, and open-
ended question etc. (Colburn, 2000: 11).

Luo (2005: 36) has compared teaching and learning constructivist perspective with
others teaching and learning theories found that teaching approached based on
constructivism theory have distinctive characteristics from the others which are;

1) Constructivist teaching is a student-centered learning. Students have an
important character to control all of their learning process and to construct their
new knowledge and understanding.

2) Constructivist teaching emphasizes on students group work especially how they
communicate with others students in the classroom.

3) Constructivist teaching and learning promotes learning abilities during the
classroom such as define the meaning, reflecting an opinion, evaluating and
critical thinking (Luo, 2005: 36).

Basic knowledge and skills language, mathematics, science, social studies, and arts

are important for everyone (Zahorik, 1995). Colburn (2000: 12) asserted the way of making

the science classrooms more supportive of constructivism, laboratory. Preliminary, it is
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arguable that we as a science teachers or science educators cannot avoid laboratory in
science classroom. Laboratory activities are the most important teaching strategy in science
classroom. In constructivist way, science teachers should provide a laboratory before
discussing the objectives of the laboratory with the students and discuss labs before start
lecturing in the topic. Students should create and organize their own lab data collection.
Teachers should create the test that is more challenging to the students and use proper
open-ended questions to find out what student thinking is. Additionally, teachers should
create teaching and learning environments or situations in the classroom with students’
group work including discussing and sharing their ideas to the classmates (Colburn, 2000:
12).

On the basis of the literature review described earlier, it confirms that constructivist
teaching and learning seemed to be an effective tool for the student’s learning process.
Constructivism is also helpful to develop students’ epistemological beliefs about science
knowledge with a more complicated view (Chang, 2005: 95). Zahorik (1995) stated that
there are two important factors that precisely involve constructivist teaching theory,
knowledge and humans respectively. Knowledge is defined as the information,
understanding, and skills that humans gain through education or experiences. It can be
fallible and changeable depending on the new experiences of the learners. Knowledge is
certainly constructed by humans. Humans, as the learners generate or construct knowledge
and understanding by attempt to bring meaning to their experiences. Human learning in
constructivist perspective is an active learning process of construction and reconstruction of
knowledge and understanding. Many different structures of knowledge transfer from
generation to generation and this continuous process has influenced constructing

knowledge of humankind (Huber, 2001: online).

Five fundamental parts of constructivist teaching (Zahorik, 1995)
1. Activating prior knowledge
Students’ knowledge structures are the important things that all teachers should be
aware of. Students’ prior knowledge and experiences directly affect to their new knowledge.
Students accommodate the new experience and guide the perception of the new
experience through these knowledge structures. When teachers know students’ prior
understandings, they can better create curriculum and lesson plans including teaching

strategies which are suitable for students. Moreover, knowing students’ prior knowledge
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facilitates teachers to correct some misconceptions before introducing the new content to
the students.
2. Acquiring knowledge
Students gain new knowledge by determining the way to extend and fit their existing
knowledge structures. There are two methods teachers can use to assist students in
acquiring knowledge and to fit it into their prior knowledge structures, or to use it to change
or create new knowledge structures.

1) Teachers can arrange experiences and learning environments that promote
students’ understanding of overall pictures of knowledge and its parts including
the relationship and connections among them.

2) Teachers can straightforwardly present the overall picture of knowledge and its
parts through lectures, demonstrations and dialogue.

3. Understanding knowledge
The understanding process starts when students are introduced to the new content
of knowledge and skills. Teachers, as the facilitator can help students to develop their
understanding by providing learning experiences, teaching strategies and lesson plans to
support students exploring and interpreting the new topics related to their existing
knowledge structures. Sharing knowledge structures is significant to students’ understanding
process when knowledge structures are presented to public or other people and the others
can respond to them and can give them feedback. Additionally, the feedback is the need to
help students improve or rethink about their knowledge structure.
4. Using knowledge
Students will be constructing the new knowledge and understanding through
suitable teaching and learning activities in the classroom. The most effective activities that
are useful for creating knowledge are problem-solving activities. The characteristics of
problem-solving activities, which are authentic, interesting, holistic, long term and related to
social, can be convinced and engaged students in making knowledge functional.
Constructivist theory emphasizes on asking questions, giving students enough time to think,
and providing opportunities for students to find the answers. Whenever teachers can
properly divide time for the classroom by using constructivist teaching strategies students

will be gain a better complicated level of knowledge (Applefield, Huber, & Moallem, 2001).
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5. Reflecting on knowledge

The reflection describes how humans understand knowledge. It is also called
metacognition consisting of self-control, self-regulation and independent behavior. The
activities that promotes students’ reflection, for examples journal writing, is a good teaching
approach for motivating students’ metacognitive skills, role playing, this activity requires
students to examine their actual behavior as they engage in hypothetical, analogous
situations. Any planning or proposal writing, such as planning a field trip also causes
reflection and self-regulation.

The five fundamental parts of constructivist teaching are not as disconnected. In the
classrooms, there are many ways that each part can be occurring. Students’ reflection can
be happen in the part of acquiring knowledge or activating students’ prior knowledge can be

occur in every step of constructivist teaching and so on.

Four types of constructivist teaching
The four types of constructivist teaching come from five fundamental parts of
constructivist teaching which is called application, discovery, extension and invention,

respectively. The dimensions of these four types of constructivist can be seen in Figure 11.

Goals
Order Convergent Divergent
Logical Type 1: Application Type 3: Extension
- 1 ey J .
Psychological Type 2: Discovery | Type 4: Invention

Figure 11 Types and dimensions of constructivist teaching (Sources: From Zahorik, John A.,

Constructivist teaching, 1995, p.23, Phi Delta Kappa educational foundation, Indiana, USA.)

Goal refers to the result that teachers try to achieve. It can be either a convergent
outcome or divergent outcome. Convergent goal refers to a focus on determined ends.
Unlike convergent goal, divergent goal refers to novel, original outcomes. Order is a kind of
lesson organization the teacher is using in the classroom. The learning units or lesson
plans can be prepared in a logical manner, in which activities that develop basic learning
precede activities that promote more advanced learning. A psychological manner permits

students to acquire knowledge and becomes meaningful to learners.
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Type 1: Application

The goal of this type of constructivist teaching is a convergent way that causes
students directly applies what they have learned. In this type, at first, teachers begin by
activating students’ prior knowledge. Second, teachers let students acquire some new
content or skills. In the next step, teachers use suitable learning activities to increase
students’ understanding. Then the teachers have students engage in a useful activity. In the
last step, teachers provide procedures and instructional materials for students to reflect on
what they have learned.

Type 2: Discovery

The beginning point for discovery teaching depends on activities that teacher use.
Students engage in the learning activity that has been planned by the teachers and involves
predicting the result or creating the hypothesis. During an activity, students will increasingly
gain and understand of the intended content or skills incidentally and the experiences that
teachers provide for students are another way to help students enhance their knowledge
and understanding. The last step ends with the students’ reflection on the new knowledge
that they have constructed.

Type 3: Extension

Extension teaching is quite similar as application teaching. However, activity used in
this type of constructivist teaching is a divergent way. Even though, the teacher begins with
acquiring and understanding tasks or problems, but they are seen as being preparatory to
the activity that follows rather than as the center of the lesson. Teachers will provide the
basic knowledge for students to solve the problem or students attempt to solve that problem
be using knowledge that they identified by themselves. The way student used to solve the
problem depends on how basic knowledge put together and how they gain new knowledge
by using their basic knowledge and skills. After the divergent activity is done, the teacher
provides for reflection.

Type 4: Invention

The last type of constructivist teaching is similar to the discovery teaching. The
class similarly begins with activity that teacher used but the activity requires divergent
thinking. The problem that students have to solve, there are many possible answers and
achievable ways to approach the answers. Like discovery teaching, in invention teaching
the elements usually are connected. The final step of this type of constructivist teaching

should be to promote reflection.
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These four types of constructivist teaching are not equivalent, equally constructive
types. They represent a range of constructivist teaching based on the ends. All teachers
can and probably would use all four types as they teach their students but some types may
suitable a particular teacher better than others.

In summary, teachers should explicitly teach by using the teaching strategies
concerning how students learn based on constructivism. Moreover, teachers, as the
facilitators should analyze the other different teaching and learning approaches including
the applications in order to increase students’ inspirations in studying in the classroom (Luo,
2005: 39). The constructivist teachers will be challenged to know more about the learners
and to observe and respond to their thinking and feedback. Students as the active learners
in constructivist classrooms will be challenged to work together with their friends as a group
discussion and become the effective learners in order to create meaningful learning.

(Applefield, Huber, & Moallem, 2001).

6. Integrated teaching approach
Introduction of integrated teaching approach

Understanding the students’ prior knowledge and how the student respond to the
teaching approaches and instruction are the most important thing in the educational realm
(Bao & Redish, 2002: 1). One of the roles of instruction is to properly guide and facilitate
students learning in the appropriate way in the classroom (Merrill, 2001: 7). Instructional
strategy or teaching approach refers to an ordered pattern of instructional or teaching
modes to support the accomplishment of identified objectives of the course or curriculum
(Farmer, Farrell& Lehman, 1991: 151). Integrated teaching approach refers to integrating of
different methods of instructional strategies together based on constructivism theory which
means all of the selected approaches will promote students to construct their own
knowledge and understanding. Using various approaches is helpful in making students’
learning more interesting and supportive. Moreover, integrated teaching approach is another
way to help students improve their problem solving skills (Raija, 2001: 2).

Teachers, as the facilitators in the classroom, need to analyze and design the
content and teaching strategies. Both of content and teaching strategies have to be
matched and fit together in the curriculum (Farmer, Farrell& Lehman, 1991: 181). Because
of students’ knowledge and skills is easy to forget, therefore, the teaching approaches have
the main role to maintain and keep those abilities as long as possible. Students are also a

part of maintaining the knowledge and skills. Teachers must determine the skills that fit into
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individuals and students need to be share and reflect what they have learned and criticize
how well teaching strategies that were used in the curriculum (Merrill, 2001: 8). Much
research has revealed that students obviously engage and gain knowledge more effectively
when using an integrated teaching approach rather than using disconnected units or
traditional teaching approaches such as lecturing. Especially teaching by using real life
activities to apply along with the teaching approaches increasingly promotes meaningful
learning (Curriculum Council government of Western Australia, 2008: 1). The limitation of
integrating several instructional strategies together is the time-consuming. The teachers
need a lot of time in the preparing and designing process (Ahuja & Jahangiri, 2002: 22).

Avery, Chang, Picket-May, Sullivan, Calson and Davis (1997: 1) proposed the
integrated teaching approach in university science subject called ‘The Integrated Teaching
and Learning Laboratory (ITLL). The ITLL was applied in the College of Engineering and
Applied Science at the University of Colorado. The instructional strategies or teaching
approaches in ITLL consists of active and group learning, project-based design and
problem-solving experiences. The results found that student performance expectations in
the ITLL are high, predominantly students in the first year engineering.

Ahuja and Jahangiri (2002: 11-13) designed an integrated approach to teaching
and learning college mathematics. The teaching strategies that were used to create this
integrated teaching approach composed of the interactive and discussion-based teaching,
small group work, computer laboratory, problem-solving approach, and open approach to
promote mathematical thinking, creativity and communication in the context of mathematics.
This integrated teaching approach for college mathematics provides the different
approaches from the traditional approach (they called chalk-talk-homework-exam). This
integrated teaching approach emphasizes conceptual understanding, relational
understanding not just memorizing mathematical formulas and calculating, using various
teaching methods and assessment tools. In addition, this integrated teaching approach also
promotes the effective and meaningful learning not just learning for the exams, and focuses
on the student’s thinking, cooperative learning and applying knowledge in real life.

Students evaluated and reflected the feedback of this integrated teaching approach.
The results found that the students’ attitude about the approach has been very positive.
Using this approach with class assignments, tests and exams have influenced directly to
students’ understanding, contentment, and concentration. Moreover, the classroom
atmosphere also plays a significant role to students’ learning. An informal relaxed classroom

will be supported students feeling free to ask questions. Particularly students in the low
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grade level expressed that the relaxed classroom lead them to exciting and meaningful
learning (Ahuja & Jahangiri, 2002: 21-22).
Effective learning environment and learning cycles

Learning is a need that all humans possess and a natural process that humans are
born with. Learning is articulated in various ways dependent on different societies (Patel,
2003: 5). Learning in constructivist context supports the students, as the learners, to be
able to solve the problems, create their knowledge based on their prior knowledge and
experiences, and can apply new knowledge to real life activities (Schuman, 1996 cited by
Margel, 1998: 20). To create an effective learning environment into the classroom, Yelon
(1996: 3) proposed the ten powerful instructional principles. These instructional principles
are useful when teachers appropriately apply them to the proper situation. The students will
be encouraged to study, to obtain the knowledge, ideas, skills and satisfaction and to
remember what they have learned until to apply that knowledge in the new situations that
they never face before (Yelon, 1996:250). The ten powerful instructional principles are

described in the following.

1. Meaningfulness: Motivate students by helping them connect the topic to be learned to their
past, present, and future.

2. Prerequisites: Assess students’ level of knowledge and skill and adjust instruction carefully,
so students are ready to learn the material at the next level.

3. Open communication: Be sure students find out what they need to know so they can
focus on what to learn.

4. Organized essential ideas: Help students focus on and structure the most important ideas,
to be able to learn and recall those ideas.

5. Learning aids: Help students use devices to learn quickly and easily.

6. Novelty: Vary the instructional stimuli to keep students’ attention.

7. Modeling: Show students how to recall, think, act and solve problems so that they are
ready to practice.

8. Active appropriate practice: Provide practice in recalling, thinking, performing, and solving
problems so that students apply and perfect their learning.

9. Pleasant conditions and consequences: Make learning pleasing, so students associate
comfort with what is learned; and make learning satisfying, so that students keep learning
and using what is learned.

10. Consistency: Make objectives, tests, practice, content and explanation consistent, so that
students will learn what they need and will use what they have learned outside of the

instructional setting (Yelon, 1996:3; Posner & Ruditsky, 1997: 158)
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Trowbridge & Bybee (1990) proposed the BSCS 5-E learning cycle in Becoming A

Secondary School Science Teacher as an effective instructional model that is corresponded

with a constructivist learning approach. This instructional model has been used in the

design of BSCS curriculum materials. This model consists of five steps which are engage,

explore, explain, elaborate and evaluate. The BSCS 5-E learning cycle plays an important

role in the curriculum development process especially in science subject. The components

of the 5-E learning cycle are shown in the following;

Table 4 5-E Learning cycle (Trowbridge & Bybee, 1990)

Engage These activities mentally engage the students with an event or equation. Engagement activities help
students make connections with what they know and can do.

Explore Students work with one another to explore ideas through hands-on activities. This exploration provides a
set of common experiences for all learners. Under the guidance of the teacher, students begin to clarify
their understanding of major concepts and skills.

Explain Students construct explanations of the concepts and processes about which they are exploring and
learning. Teachers clarify students’ understanding of concepts and help them develop skills.

Elaborate These lessons challenge students to apply what they have learned to a new situation and to build on the
students’ understanding of concepts in ways that extend their knowledge and skills.

Evaluate Students assess their own knowledge, skills, and abilities. These lessons also allow teachers to evaluate

students’ progress and inform instruction.

The Learning Technology Center at Vanderbilt created computer software to support

instructional activities called Star Legacy. They also described and proposed a learning

cycle model that not only corresponds to the software but also useful in general learning

process and support the effectiveness of instruction as can be seen in Figure 12.

/'-.
ok A A
= KA
The Challenges
Go Public Generate ldeas
i ]!
Test Your Mettle Multiple Perspectives

% Research & Revise CJ

Figure 12 Learning cycle of Star Legacy (Merrill, 2001: 3)
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The learning cycle of Star Legacy starts with Look ahead, this stage requires
learning objectives. The challenges or the problems are represented by the height of the
mountain which means the level of difficulty of the problems. Generate ideas is the stage
that learners communicate with the others to exchange their experience and existing
knowledge about the problems. The next stage is multiple perspectives. This stage involves
students comparing their ideas to the others such as classmates and teacher. Research
and revise is the demonstration phase and application phase that students collect and test
various possible ideas which seem to fit with the problems. Later on, Check your mettle
stage involves with applying students’ ideas and getting feedback. Go public stage provides
students’ opportunities to present their ideas. The final stage is called Reflect back. During
this stage, students will appraise and review their learning activities and if they have any
problems with their outcomes the cycle of learning will start again (Schwartz et al, 1999
cited by Merrill, 2001: 3).

McCarthy (1996, cited by Merrill, 2001: 4) proposed another learning cycle called 4-

MAT learning cycle as shown in Figure 13.

Renewing Meaning

refing, integ"ateE connect, examine,

adapt, re-present share, dialogue,

share, rengw reflect
IF? 411 WHY?

HOW? 3|2 WHAT?

acquire knowledge

act, practice, tinker undersiand theory
Try, Extend Image, Defina
Operationalizing Conceptualizing

Figure 13 McCarthy 4-MAT Learning cycle (Merrill, 2001: 4)

McCarthy 4-MAT learning cycle model underlined the proper learning activities and
the students’ interest in these activities. The Meaning phase, students share their existing
knowledge and attempt to unearth the meaning associated with the task or problems. The
second phase, conceptualizing, is the demonstrate phase. Student will be obtained new
knowledge and understanding and connect them with their prior knowledge. The third phase

called operationalizing phase. During this phase, student will apply their knowledge to
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something around them. The last phase of McCarthy 4-MAT is renewing. Students construct
their own knowledge including presenting and sharing their own knowledge to the others
(Merrill, 2001: 4).

The SoSTI course will create effective learning environment to the students and use
5E learning cycle in lesson planning based on constructivism theory in order to construct

this course to provide effective learning outcomes.

The varieties of teaching approaches

Nowadays, there are many new teaching approaches originated to help teachers
transfer the knowledge and understanding especially in science context to the students.
Farmer, Farrell and Lehman (1991: 3-23) summarized the common instructional modes that
teacher currently use in science classroom which are lecture, question/ answer, discussion,
demonstration, laboratory, Individual student project, and homework.

1) Lecture is the fundamental instructional technique that provides an opportunity
for the teacher to directly transfer knowledge to the students by talking, telling
and explaining.

2) Question and answer approach is enormously useful when teachers want to
know the students’ knowledge before and after they come to the classroom.
Moreover, this teaching approach is a good way to motivate students to think.
However, the competence of the approach depends on what kind of question
that asked and how student response to the problems or questions.

3) Discussion is another helpful approach. Discussions can encourage students to
share their ideas, to compare and contrast their ideas to the others in the
selected topic or problem.

4) Demonstrations will be useful when teachers concurrently use this approach
together with the other teaching approaches.

5) Laboratory is an important approach especially in science classroom. Teachers
need to carefully prepare the equipments, and directions including safety
precautions before the students come to the classroom.

6) Individual student projects are used to deeply find out students’ understanding
and application of knowledge they learned. Individual student projects are

generally composed of students’ reports and products.
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Homework is another strategy that teachers always use to keep students’
attention to think about knowledge they have learned from the classroom.
Teachers should choose a few excellent exercises instead of giving them too

much and should not use homework as a punishment.

Additionally, Abruscato (2000, 73-87) also presents five effective teaching strategies

for science classroom that are cooperative learning strategies, questioning strategies, active

listening strategies, demonstration and using of science textbooks.

1)

2)

5)

Cooperative learning strategies are the group work activities that help students
learn science, practice working and share their ideas with the others through the
given project. Teacher will be presented the interesting topics related to real
world to the students and bring the students to explore and do cooperative
group work in the classroom. The successful of work comes from the agreement
of all members in the group not individual.

Questioning strategies actually depend on the six cognitive levels that are
knowledge, comprehension, application, analysis, synthesis, and evaluation. The
questions can be classified into three types, convergent questions, divergent
questions, and evaluation questions. Teachers who use this strategies have to
concern about wait-time for the students to think before they response or
answer.

Active listening is the way of learning and stresses on what people are saying
when they speak. Teachers should teach this strategy to both of students and
themselves.

Demonstration is an important teaching approach to promote inquiry in science
classroom. This approach can be encouraged students to ask questions.
Teachers should use this approach particularly in the topic that students do not
know before to increase students’ curiosity.

Science textbooks contain some valuable resources and activities that creative
teachers can use to apply to teaching in the classroom and curriculum.
Textbooks, as the reading materials can help students understand better about
the phenomena they have learned from the classroom. Moreover, textbooks can
facilitate in encouraging students to learn more and help student achieve their

goals of learning (Abruscato, 2000, 73-87).

In summary, integrated teaching approach in the SoSTI course refers to integrating

of various methods of instructional strategies as aforementioned and other instructional
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strategies based on constructivism theory. Additionally, this course selected teaching
approaches by being concerned with suitability and appropriateness to the students in order

to promote the students constructing their own knowledge and understanding.

7. Scientific creativity
The concepts of creativity

Creativity is the ability to fabricate work. The two important characteristics of
creativity consist of novelty including originality or the unexpected and appropriateness
including of usefulness, modification and the concerning of the undertaking restriction.
Creativity is the ability to create new notions by adapting the existing ideas or knowledge
(Edgar, Faulkner, Franklin, Knobloch, & Morgan, 2008: 46). The representatives of creativity
are exemplified in technical terms like original processes, new methods, useful inventions
and valuable products (Heller, 2007: 224). Boden (1994,) stated that creativity is
complicated to understand and explain. People who have this ability, inventors, scientists,
artists or the others rarely know how their creative ideas come from. Creative ideas
frequently come from the unexpected time such as the time that people think about nothing
and the time that people should think about something but something else comes up
instead (Boden, 1996: 18). The appearance of appropriateness of creativity is based on the
cultural context. Creativity is closely involved with both individual and social level. Creativity
is widely useful and can be used to create new scientific, artistic and social knowledge and
innovations (Starko, 1995; Sternberg & Lubart, 1999). Creativity can be completely
explained with the concept of cognitive competency which is related to how people succeed
the difficult problem, the process of learning transfer including convergent and divergent
thinking (Heller, 2007: 224). Moreover, creativity is an ability that people already have it
since they was born (Baillie & Walker, 1998: 36)

Educators and researchers have studied creativity for long time and creativity
became the interesting topic in 1950s. Creativity conventionally has massive influenced on
society and has its own history. Torrance (1990) proposed fluency, flexibility, and original
thinking as the main characteristics of creativity. In addition, Heller (2007: 211) also
presents the terms that interrelate with the characteristics of creativity and individual
intelligence which are a formal-logical thinking processes, abstract thinking ability,

systematic and theoretical thinking processes, individual potential for creativity-problem
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sensitivity, inventiveness and flow of ideas, the ability to restructure problems (flexibility),

and originality of solving methods and results.

The six approaches for understanding creativity

Dr. E. Paul Torrance has received an honor as the ‘Father of Creativity’. Torrance
Tests of Creative Thinking (TTCT) is the most successful work that Torrance has developed
(Kim, 2006: 11). Moreover, to understand creativity much better, Torrance (1999) proposed
six approaches for understanding creativity which are;

1) Mystical approaches

Learning about creativity is constantly relevant to individuals’ mystical beliefs.
Creativity in historical time was conceivably based on divine interference. The mystical
beliefs and spirits mostly come from the influence of religion. A creative person was
inspired by their beliefs to create the imaginative works and innovations. Understanding
creativity with mystical approaches seems difficult and unclear for scientific psychologists to
understand creative concepts because people strongly believe in something that cannot
explain with scientific knowledge. Moreover, the scientific psychologists including scientists
do believe that creativity will not occur because of spiritual process.

2) Pragmatic approaches

This approach to understand creativity has been affected mostly by the development
of creativity and how to understand it. These approaches have had considerable public
visibility in much the same way as the studying of love. From the psychologists’ view, these
approaches lack any basis in serious psychological theory, as well as serious empirical
attempts to validate them.

3) Psychoanalytic approaches

The concept of psychoanalytic approaches is commonly based on the idea that
creativity occurs from the tension between conscious reality and unconscious desires. In
order to study of creativity with this approach, people have to understand two important
concepts which are adaptive regression and elaboration. Primarily, an adaptive progression,
this concept refers to the interruption of unmodulated thoughts in consciousness.
Unmodulated thoughts can occur during active problem solving, but often occur during
sleep, intoxication from drugs, fantasies or daydreams, or psychoses. Secondarily, an
elaboration refers to the revising and renovation of primary process material through reality-

oriented, ego controlled thinking. In scientific psychologists’ view, even though the
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psychoanalytic approach probably has presented something connecting to creativity but
psychoanalytic approach was not at the center of the emerging scientific psychology.

4) Psychometric approaches

The psychometric approaches for understanding creativity are particularly based on
Guilford Unusual Uses Test and Torrance Test of Creative Thinking (TTCT). The use of
TTCT test, problem solving skills and divergent thinking concepts have an important role in
creativity measuring. The tests were a suitable way of comparing people on a standard
creativity scale. The tests can be scored for fluency (total number of relevant responses),
flexibility (number of different categories of relevant responses), originality (the statistical
rarity of the responses) and elaboration (amount of detail in the responses).

5) Cognitive approaches

The cognitive approaches for understanding creativity try to achieve understanding
of individuals’ mental processes and representations emphasizing on creative thinking and
thought. There are two processing phases which are important to creative thinking and
thought. First, a generative phase, in this phase, an individual constructs mental
representations referred to as pre-inventive structure, which have the properties of
promoting creative discoveries. Second, an exploratory phase, these properties are used to
come up with creative ideas. A number of mental processes may enter into these phase of
creative invention, including the processes of refrieval, association, synthesis,
transformation, analogical transfer, and categorical reduction.

6) Social-personality approaches

This approach was developed corresponding to the cognitive approach and stresses
on personality variables, motivational variables and the socio-cultural environment as
sources of creativity. This approach also emphasizes in personality tradition for examples
courage, freedom and self-acceptance those effects directly to individuals’ efficiency. Both
cognitive and social-personality approaches provide valuable understanding of creativity.
However, the cognitive approaches on creativity seemed to disregard the personality and
social system. Similarly, the social-personality approaches seemed to have slightly or

nothing connecting about the mental representations and processes underlying creativity.



65

The models of creativity

Dewey and Wallas model of creativity (Starko, 1995)

Dewey’s (1920) model of problem solving is one of the most original contemporary
models of creativity. Dewey summarized the problem solving process into five steps:

1) a difficulty is felt

2) the difficulty is located and defined

3) possible solutions are considered

4) consequences of these solutions are weighed, and

5) one of the solutions is accepted

Dewey (1920) and Wallas (1926) studied the writing of creative people and created
classical four steps description of the creative process. In the classical four steps of creative
process, Wallas goes beyond Dewey’s logical sequencing to include unconscious
processing and experienced “Aha!” described by many creators.

The first step is called preparation. During this step, learner as the creator is
collecting knowledge and information, thinking about the problem, and coming up with the
most excellent possible ideas to solve that problem. The second step of Wallas model is
the most important step called incubation. In this step the learners do not intentionally think
about the problem. They mostly do other activities and at some level they will be back to
think about the problem. [/llumination is the third step of Wallas model of creative process.
lllumination is the “Ahal” experience. It is the point that learner’s ideas fit together and make
the comprehensible and clear results. The final step is called verification. In this step the
results are checked for the effectiveness, and appropriateness. During this step the result
probably elaborated and has a small change. However, the result may be found to be
unacceptable, the four steps of Wallas model can start again as a cycle.

Torrance and the Parnes/Osborn model of creativity

Torrance (1988) proposed four logical stages for understanding creativity:

1) becoming aware of problems or difficulties

2) making hypothesis about the problems

3) evaluating the hypotheses, possibly revising them, and

4) communicating the results

In Dewey and Wallas model of creative process not mentioned anything about
sharing or communicating the result. This raises an interesting question ‘Is an idea less

creative if it is never communicated or shared?’
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The Parnes/Osborn model of Creative Problem Solving (CPS) is different from many
other models of creativity. The CPS model was designed for not only explaining the creative
process, but also significantly concerning how learners more successfully use it. The CPS
model was initially developed by Osborn (1963). Osborn was interested not only in creativity
theorizing but also focused on how to use it as well. The process was developed and
elaborated on by Parnes (1981) and later by Isaksen and Treffinger (1985). Each version of
the process is a series of steps that includes both divergent (finding many ideas) and
convergent (drawing conclusions, narrowing the field) stages. A current version has three
components divided into six specific stages (Isaksen & Treffingers, 1985; Treffingers &
Isaksen, 1992):

1) Mess-Finding

2) Data-Finding

3) Problem-Finding

4) Idea-Finding

5) Solution-Finding and

6) Acceptance-Finding

At the beginning of each stage, many ideas are created, but they are narrowed and

only the most promising ideas are continued to the next stage. A diagram of sequential

diamond shapes commonly represents the CPS model. (See Figure 14)
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Component I: Understanding the Problem

Mess-Finding D: Seeking opportunities for problem solving

C: Establishing a board, general goal for problem solving

D: Examining many details, looking at the Mess from many view
points.

C: Determining the most important data, to guide problem
development

Data-Finding

D: Considering manv possible problem statements.
C: Constructing or selecting a specific problem statement

Problem-

Finding
D: Producing many, varied and unusual ideas
Idea-Finding C: Identifving promising possibilities—altematives or options having
interesting potentials

Component III: Planning for Action
D- Developing criteria or analvzing and refining promising
possibilities
C- Choosing criteria and applving them to select, strengthen and
support promising solutions.

Solution-

Finding

Acceptance- D Considering possible sources of Assistance Resistance and

possible actions for implem entation
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C: Fonmulating a specific Plan of Action

Figure 14 Three main components and six specific stages of Creative Problem Solving
(Source: From Starko, Alane J. Creativity in the classroom: Schools of curious delight,

1995, p.26, Longman Publishers USA.)

The first stage of Creative Problem Solving model is called Mess-Finding or
problem-finding. The process of mess-finding emphasizes finding a board problem, difficulty,
or area of concern. Learners, as the problem solvers individually identify a question to
examine, a difficulty to alleviate, or an idea to communicate. Learners have to face a large
number of messes first and select the specific idea to consider later on. The second stage
is Data-finding or fact-finding. This stage entails collecting all possible knowledge and
information about the mess that learners have faced. The most significant data are used in
the third stage that called Problem-Finding. In the third stage, learners will propose the
unquestionable problem statement for finding the solutions. In the fourth stage, /dea-
Finding, ideas are generated and corresponded to the problem statements. The fifth stage
is called Solution-Finding. In this stage, the criteria are formed to evaluate each one of the

proposed ideas. The last stage of the CPS model and process is Acceptance-Finding. In
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acceptance-finding, learners create the plans from the gained solution to prepare for
implementation. Possible difficulties are anticipated and resources identified. The results of
this stage normally are the action plan including steps, resources, procedures and
responsibilities outlined of learner.

DO IT: a simple model and process for creativity

DO IT is a model representing the creativity process structure. This model is
included different aspects of creative thinking and presents proper methods of problem
definition and evaluation. DO IT model will help learners to obtain the outstanding creative

result easier. DO IT model of creativity consists of four effective stages.

Define the Open mind and Identify best
problem »  apply creative > solution > Transform
techniques

Figure 15 DO IT model of creativity (Source: Mind tools e-book: online)

DO IT model starts with the first stage called define the problem. In this stage, the
creative learners will explore and find various techniques to support the questions they have
asked and to confirm that all questions they asked are the right questions. After the
learners know exactly the problems they want to solve, stage two, open mind and apply
creative techniques has occurred. This stage is helpful for learners to created achievable
results. If you are creative, learners should remember that the first idea is might not be the
right idea. There are many ideas out of it that may be helpful to the learner to gain better
results even if bad ideas come up; the bad ideas may become the good ones later. The
third stage of Do It model of creativity is identifying the best solution. During this stage,
learners have to select the suitable idea that they created. After that in the final stage called
transformation, learners will be implementing the solution that they have obtained. This
stage focuses on developing a dependable product based on learner ideas and can be

applied to many disciplines of study (Mind tools e-book: online).

The definition of scientific creativity
Torrance (1990) concludes that the term ‘scientific creativity’ is defined as mental

ability or ability to create the new original products or results that has social or personal
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worth based on individual prior knowledge and given information. Another term of scientific
creativity is called technical creativity. Both terms are essential for a theoretically and
practically competency. Scientific creativity involves the human ability to solve the
complicated scientific problems and tasks and to create the novel and creative solutions
(Heller, 2007: 209).

Hu & Adey (2002: 392) proposed and explained the definition and particular

characteristics of scientific creativity in the following.

1) Scientific creativity is different from other creativity since it is concerned with creative
science experiments, creative scientific problem finding and solving, and creative
science activity.

2) Scientific creativity is a kind of ability. The structure of scientific creativity itself does
not include non-intellectual factors, although non-intellectual factors may influence
scientific creativity.

3) Scientific creativity must depend on scientific knowledge and skills.

4) Scientific creativity should be a combination of static structure and developmental
structure. The adolescent and the mature scientist have the same basic mental
structure of scientific creativity but that of the latter is more developed.

5) Creativity and analytical intelligence are two different factors of a singular function

originating from mental ability.

The differences of artistic and scientific creativity

Creative people in artistic and scientific areas are different especially in the personal
characteristics of artists and scientists. Artists are unique and individualistic more than
scientists are, particular in emotional abilities (Feist, 1998). The Historical views of artistic
and scientific creativity failed to differentiate the absolute different characteristics between
these two. Creative persons can be both an artist and scientist. Sternberg (1999) concluded
that when people talk about artists, they usually refer to visual artists which are painters,
sculptors, cinematographers and architects, however, the artists also include literacy artists
such as writers, and performing artists such as musicians, singers, dancers and actors. The

artistic and scientific creative personal characteristics have shown in Figure 16.
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ARTISTS SCIENTISTS

-Fantasv & Imagination

-Independent

-Hostility

-Impulsivitv and lack of AT T

conscientiousness

-Openness to experience -Arrogance

-Anxiety -Self confident

-Drive and ambition

-Emotional sensibility

Introversion -Achievement

-Flexibility of thought

-Doubting

-Nonconformitv

Figure 16 The artistic and scientific creative personal characteristics

Some creative personal characteristics of artists and scientists are similar. However,
the same characteristics do not refer that they have the same level of that characteristic, for
example the introversion of artist and scientist, artistic people seem to have the ability to be
alone and not involved in anything more than scientific people. Artists tend to question and
refuse the norms of the society. In the scientific view, it is arguable that science has wider
creative expression than art. Scientific investigations can explain widely from the everyday
life activities of people until the highly creative breakthrough and complicated natural
phenomena. Moreover, Scientists can develop the technological innovations to make
comfortable life for human being. The creative scientists are commonly more opened and
flexible than the artists. The achievement is the most important thing for scientists driven by

full of ambition (Sternberg, 1999).

Assessment tests for scientific creativity

Measuring the learners’ creativity is an important process for educational evaluation
(Rudowicz, Lok & Kitto, 1995: 418). The assessment tools for creative thinking or creativity
is difficult to find the standardization because creative ability depends on individual thought
and the answers are different and has no absolute correct answers for creativity (Edgar,
Faulkner, Franklin, Knobloch & Morgan, 2008: 48). The well-known assessment test of
general creativity is the Torrance Test of Creative Thinking or TTCT (Torrance 1990). The
TTCT developed by Torrance in 1966 (Millar, 2002 cited by Kim, 2006: 3). The TTCT is a
paper-pencil test which directly involves human divergent thinking abilities. In each item in
this test is measured for fluency, flexibility, and original thinking based on Torrance
knowledge of creative thinking (Hu & Adey, 2002). TTCT test was created for research,

experimenting, general use, instructional planning, and determining students’ thinking of
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creativity (Kim, 2006: 4). The TTCT is quite popular in educational areas and has been
translated into more than 35 languages (Millar, 2002 cited by Kim, 2006: 3).

Wechsler (2006: 22-23) studied creative achievements in the Brazilian culture by
using TTCT as a tool to assess the characteristics of creative thinking of 59 Brazilians (29
males, 30 females) who have received public recognition through awards and 69 Brazilians
(31 males, 38 females) who have not received recognition. The results found that the
validity of the Verbal and Figural TTCT test to the Brazilian culture was confirmed
(Wechsler, 2006: 22-23).

Moreover, the TTCT test is a good measurement to identify creativity of the gifted
learners and normal learners. The TTCT can be used to develop and increase creative
ability of students (Kim, 2006: 11). Even though, creativity is an inborn ability but it can be
extraordinarily cemented with the teaching and learning processes in the classroom.
Therefore, teachers should integrate creative activities and teaching strategies to encourage
students’ creativity at the same time as helping the students learning science concept (Park
& Seung, 2008: 45).

However, general creativity tests like TTCT may not the direct way to measure
scientific creativity (Hu & Adey, 2002: 390). In India Majumdar (1975 cited by Hu & Adey,
2002: 392-393) had developed the Scientific Creativity Test by using this test with main
science subjects which are physics, biology, and mathematics. The objective of this test is
to find the scientific creativity talent that students have. Another research study of scientific
creativity assessment is also from India. Sinha and Singh (1987 cited by Hu & Adey, 2002:
392-393) created Scientific creativity test for secondary school students in both the English
and Hindi languages. The main purpose of this test is to measure the important
characteristics of scientific creativity, novelty, flexibility, observation abilities, imagination,
analysis capabilities, and transformation abilities (Hu & Adey, 2002: 392-393).

Recently, Shen, Hu, and Lin (2002, cited by Hubley, 2004: 9) developed the
Scientific Creativity Test for Adolescents (SCTA) based on the Scientific Creativity Structure
Model (SCSM) and the Torrance Tests of Creative Thinking (TTCT). A Scientific Creativity
Structure Model or SCSM developed based on the research and studies of scientific
creativity. SCSM model is a three-dimensional structure that is shown in Figure 17. This
model created for making a clear understanding of scientific creativity (Hu & Adey, 2002:
389-392).The participants in SCTA test was the students from England and China, 1,087
students each. The results of SCTA test presented that SCTA has high reliability and
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validity by using statistical methods that are the alpha coefficient, reliability coefficient, and

test-retest reliability (Hubley, 2004: 9).
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Figure 17 The three-dimensional Scientific Creativity Structure Model (SCSM)
(Hu & Adey, 2002: 391)

The three dimensional structure of scientific creativity is composed of 24 cells of
products, traits and processes. Based on SCSM model, the Scientific Creativity Test for
Adolescents (SCTA) was developed as a questionnaire which consisted of 48 items. As
mentioned before, this SCTA test has high reliability and validity. These results confirm that
the SCTA test should be suitable for measuring scientific creativity of secondary school

students (Hu & Adey, 2002).

Teaching for creative thinking in school

Creative thinking can be taught in everyday subjects and disciplines (Starko, 1995).
Torrance (1992) claimed that activities in science subjects can be support creativity in the
students more than other subjects (Park & Seung, 2008: 45). Creative thinking is an ability
that everybody has since birth and this ability will decrease depending on increased age of
people by social process that creates individual logical conformity. Yet, creative thinking
ability can be developed through activities and teaching strategies. (Sternberg, 2006: 93;
Edgar, Faulkner, Franklin, Knobloch & Morgan, 2008: 46).

Schools do not emphasize on the valuable of creativity. The reason might be
because teachers think that creativity is the same thing with general intelligence or they

probably do not know how to teach creativity to students. Teachers seem to focus on
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students’ memorization and analyzing skills more than creativity and thinking skills.
Teaching for creative thinking in the classroom is helpful for the student to perform their
thinking ability and help the students to be a more creative person (Sternberg, 2003: 325-
336). In the creative classroom, teachers should be facilitators that help students build up
and improve their creative thinking abilities (Edgar, Faulkner, Franklin, Knobloch & Morgan,
2008: 48). Especially in scientific disciplines such as physics, biology, anthropology, and
medical science, creativity is necessary and very important for the complicated structure of
knowledge. The teaching strategies to promote creative thinking skills should be various
and flexible (Loehle, 1990: 242).

Park & Seung (2008: 45-48) suggested four effective strategies to help teacher
combine creativity into secondary school science classroom which are SCAMPER, six
thinking hats, agreement, disagreement and irrelevance and creative problem solving.

1) SCAMPER

Eberle developed the SCAMPER model in 1996. SCAMPER stands for Substitute,
Combine, Adapt, Modify, Magnify or Minify, Put to other use, Eliminate, and Reverse or
Rearrange. This model supports student’'s creative thinking emphasizing brainstorming
process. Teachers can be used this strategy to help students achieve new ideas through
the productive questions. By using SCAMPER strategies, students will be able to construct
creative products based on scientific knowledge. Moreover, students will be able to use
their creativity to create their own experiments or laboratories.

2) Six thinking hats

De Bono developed the six thinking hats method in1985. This teaching method
symbolize six different ways of thinking with the different color of the hats which are red,
yellow, black, white, green, and blue. The colors refer to emotional, positive, critical,
objective, creative, and big picture thinking respectively. Students are divided into groups of
six and each student will have different role depending on the color of the hat that they are
wearing. This teaching strategy can be used in a science classroom by integrating it with
the Science, Technology, and Society (STS) approach.

3) Agreement, disagreement, and irrelevance

Another effective strategy that promotes creativity in the classroom called
agreement, disagreement, and irrelevance or ADI method. This method focuses on
discussion in science classroom. The topic of the discussion is the most important thing in
this method. Teachers should prepare the topic that students can present their opinions

without limiting of students’ thinking ability.
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4) Creative problem solving

The last strategy called creative problem solving. Students as the self-directed
learners will come up with creative results by using this strategy to solve the open-ended
problems or tasks that teacher prepared with their creativity and imagination. Students will
be discovered various creative results and will be not stick with just only one result. (Park &
Seung, 2008: 45-48).

As mentioned before, creative thinking ability is characterized by four thinking
processes that are fluency, flexibility, originality and elaboration. Edgar, Faulkner, Franklin,
Knobloch & Morgan (2008: 46-50) have proposed five classic method to generate creative

products and solutions which is shown in Figure 18.
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Figure 18 Processes and Methods of creative thinking

(Source: Edgar, Faulkner, Franklin, Knobloch & Morgan, 2008: 46-50)

The five methods are composed of evolution, synthesis, revolution, reapplication,
and changing direction. The first method called evolution focuses on the improving process
and means that the new ideas or solutions come from the basis of the old ideas or prior
knowledge. The second one is the synthesis method. The synthesis method involves
integrating two or more previous ideas to become a new idea. According to Bloom’s revised
taxonomy (2002), synthesis or creating is the highest level of higher order thinking. If
teachers used this method in the classroom students will have a good opportunity to use
their higher order thinking skills and will definitely improve their creative thinking skills. The
third method used to create creative results is called the revolution method. Revolution is
known as ‘thinking outside the box’. This method provides a new idea that is dissimilar from

a prior existing idea and focuses on changing the way of thinking of learners. Reapplication
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method is the way that creative learners think of the old ideas with the completely new way.
The last classic method for the learners to generate their creative products and results is
changing direction. Changing direction is necessary for students to rethink their thinking and
thoughts by focusing the new results with the process of framing the problem (Edgar,
Faulkner, Franklin, Knobloch & Morgan, 2008: 46-50).

In summary, teaching creativity in school, teachers as the facilitators should be
encourage the students to think, create, invent, discover, explore, and imagine as much as
possible. Students should redefine problems in another way and do not easily believe
because of other people believe it. Students should try to analyze and communicate their
creative ideas to the others. Working in groups or with the other students will help students
to not only believe in their own ideas but also open their minds to accept ideas from the
others. Sometimes, students have to be the risk takers and not be scared of the results and
need to believe that everybody can fail or make mistakes. In order to be a creative person,
students frequently have to tolerate ambiguity long enough to get his or her ideas right.
Teachers have an important role to encourage students to find their own way to create
something or ideas that they like. People generally do something better if they like or love
to do it. Moreover, teachers should help the students manage their time for thinking
creatively. If students have not enough time to think the result might be ineffective

(Sternberg, 2003: 333-335).



CHAPTER 3
METHODOLOGY

This chapter presents and describes the details of the development process of this
study. The course development process is divided into five main phases by using the
research and development (R&D) as the research design in this study. These are:

Phase 1: Pre-developing the course

Phase 2: Developing the course

Phase 3: Conducting pilot study

Phase 4: Implementation

Phase 5: Analyzing data and conclusion

The overview of research methodology can be seen in Figure 19 in the following:
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Phase 1:Pre-developing the course

Step 1: Studying documents and related literatures

Step 2: Interviewing the guru of traditional Thai musical instruments

Step 3: Conducting a survey with non-science upper secondary school students about their

opinions toward science and traditional Thai musical instruments.

Part 1: Developing course outline and creating the

whole course structure

Part 2: Developing instructional materials: teacher's

Phase 2: Developing the course

handbook and student’s handbook

Part 3: Preparing research instruments

Conducting pilot study

v

Collecting data

v

Revising the course

Applying the SoSTI course to students in the sample group

v [,

Phase 4: Implementation

* Observing students’ participation during course

implementation

!

Providing the test to the students and interview 5-10

students at the end of the course

Phase 5: Analyzing data and conclusion

|

The science of sound in traditional Thai musical instruments course is obtained

v

Figure 19 The overview of research methodology
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Phase 1: Pre-developing the course

Pre-developing course is a preparation phase. The purpose of this phase was to
investigate the fundamental data and information about the science of sound, music,
traditional Thai musical instruments and the relationships among them. It also was designed
to explore how non-science upper secondary school students think about science and
traditional Thai musical instruments. These data were used to create the content of the
appropriate science course specifically for non-science upper secondary school students.
This phase included preparing to structure the instructional material and research
instruments. This phase is further divided into three main steps:

Step 1: Studying documents and related literatures

The researcher studied the documents and reviewed the related literatures about

the science of sound content which include some parts of physics, mathematics, chemistry
and biology as well as education issues i.e., adolescent psychology, constructivist theory,
socio-cultural theory, scientific creativity, and scientific processes and skills. The documents
and literatures related to curriculum development, interdisciplinary curriculum and integrated
teaching approach were also reviewed. Moreover, in the context of traditional Thai music,
literature associated with traditional Thai music and musical instruments, and Thai musical
tones, methods, and materials for making traditional Thai musical instruments including
human culture are important issues that the researcher have studied and emphasized.

Step 2: Interviewing the guru of traditional Thai musical instruments

The researcher made an appointment with the guru of traditional Thai musical

instruments for an interview. The interviewing form is a structured interview and created by
the researcher as following steps;

1. Identify the purposes of the interviewing form: this interview conducted as
informal in order to find the basic knowledge of traditional Thai musical
instruments and how the guru feels or thinks about the young generations and
traditional Thai music and musical instruments.

2. Draft the questions in order to make them correspond to all purposes of the
interview.

3. Reconsider the interviewing questions by the researcher to make them clear
both in language and meaning.

4. Verify the content validity by three experts.

5. Make improvements in the interviewing form by the researcher.
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6. Use this interviewing form with the guru: the guru is a local traditional Thai

musician in Samut Songkhram province, the province that has very long history
about traditional Thai musical instruments and well-known musicians since the
early Rattanakosin era.

Collect, analyze and summarize data in order to use this information to be the

basic idea of developing the SoSTI course.

Step 3: conducting a survey with non-science upper secondary school students

about their opinions toward science and traditional Thai musical instruments.

In this step, the researcher needed to investigate non-science upper secondary

school students’ opinion about science and traditional Thai musical instruments in order to

use the information for developing the SoSTI course in such a way that it will correspond to

the non-science students as much as possible. The procedure of doing a survey consists of;

1.

Develop questionnaire asking non-science upper secondary school students’
opinions about science and traditional Thai musical instruments, which is divided
in to three parts.

Part 1: General information

Part 2: Students’ opinions about science

Part 3: Students’ opinions about traditional Thai music and musical instruments
Verify the content validity and the quality of the questionnaire by three experts.
Revise questionnaire following experts’ comments by the researcher.

Try out this questionnaire with 30 students by using purposive sampling.
Purposive sampling in this survey means the samples are non-science upper
secondary school students.

Make second revision in order to correct appropriate wording and language
used by the researcher.

Apply this questionnaire to 250 non-science upper secondary school students by
using purposive sampling.

Collect, analyze and summarize data in order to use this information to be the

basic idea of developing the SoSTI course.

Phase 2: Developing the course

In this phase, the researcher designed and developed a draft of the course, which is

primarily composed of three important parts:
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Part 1: Developing course outline and creating the whole course structure by using
7 steps of Taba’s curriculum development (1962: 9-14);

1. Diagnosis of needs: the researcher analyzed and summarized all data and
information from phase 1 in order to diagnose the needs for the course.

2. Formulation of objectives: the research created the objectives of the course
corresponding to data and information from phase 1 and the Basic Education
Curriculum B.E. 2551 (2008) including course explanation.

3. Selection of content: the researcher used the Interdisciplinary Concept Model
developed by Jacob (1989) to identify the organizing theme and content of the

curriculum as shown in Figure 20.
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(Thai context)

Figure 20 Interdisciplinary Concept Model of the science of sound in traditional Thai musical

instruments course

4. Organization of content: the researcher constructed and arranged the content
of the course from the Interdisciplinary Concept Model of the SoSTI course and
created the course syllabus and the time used in each content and lesson plan.

The course content of the SoSTI course consists of;
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1) Introduction of the science of sound
2) Introduction of traditional Thai musical instruments
® Stringed instruments: Saw-0-, Saw-dla-ng and Jakhay-
® Wind instruments: Khlui, Pi-ndw-k and Pi-chawa-
® Percussion instruments: Grap say-pha-, Rana-t ay-k, Ta pho-n,
Khaw-ng wong yai and Ching
3) The system of sound in traditional Thai musical instruments
4) The science of sound in traditional Thai stringed instruments
5) The science of sound in traditional Thai wind instruments
6) The science of sound in traditional Thai percussion instruments
7) Making traditional Thai musical instruments
Selection of learning experiences: the researcher selected various
instructional strategies or teaching approaches, which were based on
constructivist theory concerning suitability and appropriateness for non-science
upper secondary school students.
Organization of learning experiences: the researcher organized and put the
selected instructional strategies into the lesson plans based on course content
and structure.
Determination of what to evaluate and of the ways and means of doing it:
the researcher created course evaluation form for the experts to evaluate
content validity by using 10C (Index of Congruence) and considering the
correspondence between;
1) The significance and principle of the course
2) The significance and goals of the course
3) The principle and goals of the course
4) The goals and the objectives of the course
5) Unit explanation and content
6) Lesson plans and expected learning outcome
7) Learning approach and learning objectives
8) Learning assessment and learning objectives
9) Learning assessment and learning process

10) Educational aids and resources and learning process
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Part 2: Developing instructional materials, which are the teacher’s handbook, and
student’s handbook for use in the course.

The researcher analyzed the data and information obtaining in phase 1 in order to
design the outline of the teacher’s handbook and student’s handbook by using an integrated
teaching approach based on constructivism theory and 5-E learning cycle.

Teacher’s handbook and student’s handbook followed the content of the course.
The researcher created the lesson plans in teacher's handbook based on 5-E learning
cycle, which is composed of five components, engagement, exploration, explanation,
elaboration, and evaluation. These two handbooks were verified by five experts by using
Index of Congruence (IOC) for content validity and the quality of the teacher’s handbook
and student’s handbook. In addition, textbook evaluation form adapted from Ogan-Bekiroglu
(2007: 620-628) was used to evaluate the teacher's handbook and student’s handbook
quality.

The researcher revised all documents based on the experts’ comments.

Part 3: Preparing research instruments

The instruments used in this research were developed by researcher. However,
some of them are modified from authorized instruments with the following;

1. Adolescent Scientific Creativity Test adapted from Hu & Adey (2002).

2. A Scientific Attitude Inventory (SAIl Il) to measure the student’s attitude toward

science adapted from Richard & Foy (1997).

3. The science of sound understanding test created by the researcher with the

following steps;

3.1 Define the abilities that present students’ science of sound
understanding by using Bloom’s revised taxonomy of cognitive
domains in the understanding level. The abilities and behaviors
present that students understand science of sound refer to students
can interpret, summarize, classify, categorizing, compare, explain,
exemplify, comment, annotate the knowledge in the science of sound
topic.

3.2 Create the science of sound understanding test. Five experts verified
the test by using Index of Congruence (IOC) for content validity.

3.3 Try out this test with 30 non-science upper secondary school students.
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3.4 Analyze the test results in order to find the item difficulty and

discrimination and reliability by using Cronbruch Ol-coefficient.

4. An interview protocol concerning students’ awareness of traditional Thai musical
instruments is a structured interview and will be designed by the researcher as
following steps;

4.1 Identify the purposes of the interview protocol: the purposes of this
interview are to explore non-science students’ opinions concerning
students’ awareness of traditional Thai music and musical instruments.

4.2 Draft the questions in order to make them correspond to all purposes
of the interview.

4.3 Reconsider the interviewing questions by the researcher to make them
clear both of language and meaning.

4.4 Verify the content validity by five experts.

4.5 Make improvement of the interviewing form by the researcher.

4.6 Use this interviewing protocol with five to ten non-science upper
secondary school students selected by random sampling.

4.7 Collect, analyze and summarize data in order to use this information to
be the basic idea of developing the SoSTI course.

Five experts verified the data collection instruments created by researcher and

corrected the instruments that researcher has adapted.

Phase 3: Conducting pilot study

This phase focuses on a pilot study of the course and its results of the course. The
significant purpose of conducting a pilot study is to examine a quality of the draft course
that researcher had constructed in order to receive feedback. Moreover, pilot study results
and feedback will help the researcher to improve the course as well as revised the
teacher's handbook, and student's handbook. The pilot study results also uncovered
problems that might occur during the course.

The pilot study of the SoSTI course refers to using four unit lessons of the course
with 55 non-science upper secondary school students selected by purposive sampling.
These students were studying in Matthayomsuksa 5 (Grade 11) in the first semester of
2010 academic year at Satthasamut School, Samut Songkhram province and these

students are not the same group and school as the students in samples group.
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Phase 4: Implementation

In the implementation phase, the researcher, as a teacher, conducted the science of
sound understanding pre-test and a survey of student's attitude toward science by using
Scientific Attitude Inventory (SAI Il) (Richard & Foy, 1997) to the students in the first three
periods of the class. The course was used for one semester in the second semester of
2010 academic year.

The 35 students in the sample group are non-science upper secondary school
students selected by purposive sampling. These students were studying in Matthayomsuksa
6 (Grade 12) in the second semester of 2010 academic year at Rattanakosinsompoch
Bangkhen School, Bangkok. The researcher collected the data by using the research
instruments that the researcher has created and adapted. During the classroom activities,
the researcher had observed the students’ behavior by using behavioral checklist form
created and record the situations in the classroom with a video camera.

After finishing the implementation phase, the researcher provided the science of
sound understanding post-test, attitude toward science questionnaire, scientific creativity
test, students’ awareness emphasizing on traditional Thai instruments questionnaire and
students’ opinions toward the SoSTI course questionnaire to the students. Ten students in
the class were selected in order to conduct the informal interviews about students’

awareness in traditional Thai musical instruments and the course.

Phase 5: Analyzing data and conclusion

This phase was conducted to scrutinize the effectiveness of the science SoSTI

course. The effectiveness of the course was determined according to the following data:

1. The development of scientific creativity was analyzed from Adolescent Scientific
Creativity Test (ASCT) (Hu & Adey, 2002) that the researcher has adapted, work
done by students which is the traditional Thai musical instruments that students
have designed and constructed and observation of students’ behavior
concerning scientific creativity during the class.

ASCT is a test of scientific creativity designed for secondary school students
and composes of seven different tasks and each task investigates different

scientific skills. Moreover, the scores for tasks 1-4 is represents the sum of the
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ideational fluency score, the flexibility score, and the originality score and
compute the frequencies of the answers into percentages.

If the percentage of a response smaller than 5%, the score equals 2 points;

If the percentage of a response is between 5-10%, the score equals 1 point;

If the percentage of a response is larger than 10%, the score equals 0
points.
For task 5, the score is calculated by the percentage of the numbers of the
answers from all of the students.

If the percentage is smaller than 5%, the score equals points;

If the percentage is between 5-10%, the score equals 2 points;

If the percentage is larger than 10%, the score equals 1 point.
For task 6, the score is the sum of the flexibility score and the originality score.
There are 9 points for flexibility score for one correct method. For originality
score,

If percentage of the method is smaller than 5%, the score equals 4 points;

If the percentage is between 5-10%, the score equals 2 points;

If the percentage is larger than 10%, the score equals 0 points.
The score of task 7 is determined by the functions of the instruments. Each
function gets 3 points. For the originality, | give it 1 to 5 points with teacher’s
judgment.

2. Student’s attitude toward science after studying was measured and analyzed by

using the scales as the following;

5 means you strongly agree with the statement

4 means you mildly agree with the statement

3 means you are uncertain or can not decide

2 means you mildly disagree with the statement

1 means you strongly disagree with the statement
This research used SPSS program for analyzing the scores from this

instrument.
3. Students’ understanding in the science of sound before and after taking the

course measured by the science of sound understanding test which was

evaluated by statistic t-test for dependent sample.



86

4. The data about Thai students’ awareness of Thai culture and tradition especially
about traditional Thai musical instruments were obtained and analyzed from
interviews and observation.

The results from the interviews to explore Thai students’ awareness of Thai culture
and tradition are qualitative data. The researcher used a coding technique to code the
statements that represent the answers of the questions in order to reduce the data from raw
data in to meaningful units. Coding qualitative data used triangulation process to verify and
to control the bias by two investigators who had experiences in analyzing qualitative data.
The two experts coded and interpreted data. Then, the researcher compared, analyzed and
interpreted the statements and made the conclusion.

Data analysis was divided into quantitative and qualitative data. The statistics used

in developing the SoSTI course which are (Creswell, 2003);

1. Means
A
X ===
N
X = Means
z X = total score

N = number of population

2. Standard deviation and variance

i an2 —(Zx)2
n(n-1)

32 = variance

z X = total score

ZXZ = total of each score square

S

n = number of sample

3. Statistics for examining tools
1.1 Validity: Index of Congruence (IOC) was employed to examine content

validity

IOC=2
N



2.

IOC = Index of Congruence
Z R = total score from the experts
N = number of the experts
1.2 Reliability: Cronbach’s alpha coefficient was employed to examine the

reliability of the science of sound understanding test
k S
a= 1- ZZ
k-1 S

o = Cronbach’s alpha coefficient

k = number of items
s? = variance of each items

2

S, = variance of assessment form

t-test for dependent sample (paired sample t-test)

Smm 5
o)
n-1
When df = n-1

t = the t distribution

D = the different scores of each pair
n = number of pairs
Z D? = total of the different scores of each pair square

(Z D)2 = square of total of the different scores of each pair
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CHAPTER 4
FINDINGS

This chapter presents the findings of using the science of sound in traditional Thai
musical instruments course (SoSTI course) via integrated teaching approach. The course
development process was divided into four main phases. The findings are presented in the
following order;

Phase 1: Pre-developing the course

Phase 2: Developing the course

Phase 3: Conducting pilot study

Phase 4: Implementation and evaluation

Phase 1: Pre-developing the course

Step 1: Studying documents and related literatures

The researcher studied the documents and reviewed the related literatures about
the science of sound content which include some parts of physics, mathematics, chemistry
and biology as well as educational issues which are the topics of the science of sound,
traditional Thai musical instruments, curriculum development, interdisciplinary curriculum,
constructivism, integrated teaching approach, and scientific creativity. This information was
used to design a draft structure of the course.

Step 2: Interviewing the guru of traditional Thai musical instruments

The researcher interviewed the guru of traditional Thai musical instruments from
Samut Songkhram province, Mr. Surin Udomsawat.

He said “every song you play can identify clearly how you feel, every song you play
reflects your personal characteristics and when two people perform the same song then the
melodies result from their performances will have something different”. After a length of a
fruitful conversation, | learned about his opinion on the young generations, traditional Thai
music and Thai musical instruments. “Young generations”, he said, “should realize how
important of their roles as the medium of transferring the precious culture and heritage of
Thai music to the generation next to them”. He mentioned further “it used to be a cycle until
universal music instruments have come to Thailand and many things have changed.” Now

when he goes to the class to teach his students, lately he has to wait and is not sure
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whether his students will come. Thai classical music’s future, according to Kru Surin, gets
an even worse destiny since even if one has decided to continue and learn seriously the
art, he/she does not have much of a chance for practicing, the knowledge and skill, and
therefore, they are decaying every second.

Step 3: conducting a survey with non-science upper secondary school students
about their opinions toward science and traditional Thai musical instruments.

The researcher developed a questionnaire to ask for the information from non-
science upper secondary school students on their opinions toward science and traditional

Thai musical instruments. The questionnaire divided in to three parts as shown in the

following;

Part 1: General information

Part 2: Students’ opinions about science

Part 3: Students’ opinions about traditional Thai music and musical
instruments

Three experts verified the content validity by using Index of Congruence (IOC) as

shown in Table 5.

Table 5 The results of index of congruence for content validity of questionnaire used to ask
for non-science upper secondary school students’ opinions toward science and

traditional Thai musical instruments evaluated by 3 experts

Three experts scores

i Congruence
Statement items Results
1 2 3 scores
Part 1: General information 0 1 1 0.67 Congruence
Part 2: Students’ opinions about science
1. 1 chose to study in non-science major because the science| 1 1 1 1.00 Strongly congruence

major is difficult.

2. | felt happy and fun when | was studying science. 1 1 1 1.00 Strongly congruence

3. | would like to study other subjects more than science. 1 1 0 0.67 Congruence

4. Studying science helps me better learning about natural 1 1 1 1.00 Strongly congruence
facts

5.  Studying science helps me working reasonably. 1 1 1 1.00 Strongly congruence

6. Science is the subject which is very useful for everyday life. 1 1 1 1.00 Strongly congruence
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Three experts scores

) Congruence
Statement items Results
1 2 3 scores
7. During studying science, | want to make the time pass
1 1 1 1.00 Strongly congruence
faster.
8. Science is the subject that promotes creative thinking. 1 1 1 1.00 Strongly congruence
9. Science experiments are interesting things for me. 1 1 1 1.00 Strongly congruence
10. | feel uncomfortable when | have to answer scientific
1 1 1 1.00 Strongly congruence
questions in the class.
11. 1 think | am good in studying science. 1 1 0 0.67 Congruence
12. Studying science helps me better studying in other subjects. 1 1 1 1.00 Strongly congruence
13. Science is an interesting, and exciting subject. 1 1 1 1.00 Strongly congruence
14. Science museum and exhibition are interesting for me. 1 1 1 1.00 Strongly congruence
15. Learning science make me feel so stressful because it
1 1 1 1.00 Strongly congruence
always deals with solving problems.
16. | like watching TV programs about science. 1 1 1 1.00 Strongly congruence
17. Science can truly connect with everyday life. ] 1 1 1.00 Strongly congruence
18. | like reading science books. 1 1 1 1.00 Strongly congruence
19. 1 would like to do science assignments. 1 1 1 1.00 Strongly congruence
20. Science has important roles in developing my country. 1 1 1 1.00 Strongly congruence
21. If | learn science with something | know or familiar with,
1 1 1 1.00 Strongly congruence
these will make me understand science better
Part 3: Students’ opinions about traditional Thai music and musical
instruments
1 1 1 1.00 Strongly congruence
1-3 Student’s learning experience in traditional Thai music and
musical instruments
4. Have you ever listened to Thai classical music? Why? 1 1 1 1.00 Strongly congruence
5. If you have a chance to walk pass the traditional Thai music
1 1 1 1.00 Strongly congruence
show you Will.............c.cennee.
6. Can you play any of traditional Thai musical instruments? 1 1 1 1.00 Strongly congruence
7. Give 3 names of traditional Thai musical instruments that you
1 1 1 1.00 Strongly congruence
know for each type of them.

From Table 5, the five experts’ opinions indicated that the questionnaire was

appropriate and has congruence for the process of trying out. The researcher tried out this

questionnaire with 30 non-science upper secondary school students, then, the researcher
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improved the questionnaire and got the final version for 250 secondary school non-science
students from Bangkok Metropolitan Area and vicinity. The following are the results;
Part 1: General information

The participants’ demographic background can be seen in Table 6.

Table 6 Participants’ demographic background

Characteristics Number (%)
Gender
Male 94 (37.6)
Female 156 (62.4)

Level of study

Mathayomsuksa 4 (Grade 10) 122 (48.8)

Mathayomsuksa 5 (Grade 11) 79 (31.6)

Mathayomsuksa 6 (Grade 12) 49 (19.6)
Major area of study

Non-science major focusing on mathematics 157 (62.8)

Non-science major focusing on languages 73 (29.2)

Non-science major focusing on the other areas 20 (8.0)

GPA in science subject

Lower than 2.00 62 (24.8)
2.00-2.50 94 (37.6)
2.51-3.00 55 (22.0)
3.51-3.50 36 (14.4)
Upper than 3.51 3(1.2)
Prioritizing science subject
Science subject is number 1 9 (3.6)
Science subject is number 2 20 (8.0)
Science subject is number 3 19 (7.6)
Science subject is number 4 30 (12.0)
Science subject is number 5 28 (11.2)
Science subject is number 6 45 (18)
Science subject is number 7 68 (27.2)

Science subject is number 8 31(12.4)
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From Table 6, according to the participants’ demographic background, it was found
that among the 250 secondary school non-science students from Bangkok Metropolitan
Area and vicinity, there are 94 male and 156 female students, 122 students (48.8%), 79
students (31.6%) and 49 students (19.6%) are studying in Mathayomsuksa 4, 5 and 6
(Grade 10, 11 and 12), respectively. Moreover, 157 students (62.8%) are studying in non-
science major specifically emphasizing on mathematics. 73 students (29.2%) are studying in
non-science majors particularly emphasizing on languages and 20 students (8.0%) are
studying in non-science majors specifically focusing on the other areas of learning.
Regarding students’ GPA in science subjects, it was found that 62 students (24.8%) earned
a GPA in science subjects lower than 2.00. Whereas 94 students (37.6%) earned a GPA in
science subjects between 2.00-2.50, 55 students (22.0%) earned a GPA in science subjects
between 2.51-3-00, 36 students (14.4%) earned a GPA in science subjects between 3.51-
3.50 and only 3 students (1.2%) earned a GPA in science subjects upper than 3.51. The
prioritizing of the subject preferences in the eight learning areas found that only 9 students
(3.6%) like science subjects the most from the eight learning areas. However, there are
more than 150 students arranging science subjects in the fifth to eighth order.

The last question of part one asked non-science upper secondary school students
to write short statements in order to explain why they did choose to study in a non-science
major. The written responses were coded, counted and calculated into percent as shown in

Table 7.
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Table 7 Students’ opinions why they did choose to study in a non-science major

Statements Percent (%)
“l like learning languages more than science. | think language is the most important 26.6
subject to learn and more understandable than science.”
“A non-science major is not so stressful and | do not study hard as much as a science 171
major. This major also has many fun activities compare with a science major.”
“I want to learn foreign languages including culture and also can read, write, speak and 11.2
listen properly in everyday life and for travelling.”
“A science major is difficult and hard to learn for me.” 11.2
“l don’t like the mathematical or calculation parts.” 10.2
“A non-science major is easier in finding a job and | already have a job | want to be in 8.9
the future in my mind.”
“l don'’t like science especially physics, chemistry and biology.” 4.9
“I like the arts, drawing, designing etc.” 3.6
“l could pass the test to enroll for a non-science major but in a science major, | 26
couldn’t.”
“I have no idea why | decide to study in non-science major.” 23
“I chose a non-science major because my friends chose it.” 1.0
“I want a high grade.” 0.3
Total 100

From table 7, the students’ opinions revealed that they did choose to

study in non-

science major mostly because they like languages and arts. They have realized that

languages and arts are more important and easier than science. Additionally, they think that

science is difficult both in the content and calculation parts. Some of them have no plans

studying in a non-science major and selected to study because of their friends.

Part 2: Students’ opinions about science

This part composed of 21 statements to ask for students’ attitude towards science.

The data were analyzed by criterion reference method considering the mean values. The

results can be seen in Table 8.



Table 8 Non-science students’ opinion about science

94

N Data
Statement items .
Valid [Missing| Mean | SD | Interpretation
1. | chose to study in non-science major because the science
250 0 4.02 | 973 agree
major is difficult.
2. | felt happy and fun when | was studying science. 250 0 3.02 | .967 uncertain
3. | would like to study other subjects more than science. 250 0 3.79 | .976 agree
4. Studying science helps me better learning about natural facts 250 0 4.05 | .775 agree
5.  Studying science helps me working reasonably. 250 0 3.73 | .886 agree
6. Science is the subject which is very useful for everyday life. 250 0 3.79 | .878 agree
7. During studying science, | want to make the time pass faster. 250 0 3.50 | 1.131 agree
8. Science is the subject that promotes creative thinking. 250 0 3.68 | .870 agree
9. Science experiments are interesting things for me. 250 0 422 | .843 agree
10. | feel uncomfortable when | have to answer scientific questions
250 0 3.48 | 1.015 uncertain
in the class.
11. 1 think | am good in studying science. 250 0 296 | .823 uncertain
12. Studying science helps me better studying in other subjects. 250 0 290 | .840 uncertain
13. Science is an interesting, and exciting subject. 250 0 3.57 | .976 agree
14. Science museum and exhibition are interesting for me. 250 0 3.80 | 1.037 agree
15. Learning science make me feel so stressful because it always
250 0 3.33 | 1.067 uncertain
deals with solving problems.
16. | like watching TV programs about science. 250 0 3.64 | 1.083 agree
17. Science can truly connect with everyday life. 250 0 3.70 | .892 agree
18. | like reading science books. 250 0 2.86 | 1.002 uncertain
19. I would like to do science assignments. 250 0 250 | .966 uncertain
20. Science has important roles in developing my country. 250 0 3.88 | .945 agree
21. If | learn science with something | know or familiar with, these
250 0 4.04 | .825 agree
will make me understand science better

Table 8 shows that non-science students in this group had negative attitude towards

science (ltems 1, 3, and 7). Some presented that non-science students had uncertain

decisions (Items 2, 10, 11, 12, 15, 18 and 19). However, there are some items showing that

non-science students had positive attitudes toward science (ltems 4, 5, 6, 8, 9, 13, 14, 16,

17 and 20). This means that non-science students partially like science.



95

The researcher also conducted in-depth interviews with a three students who

reported strong negative attitudes toward science. The students dislike science in four main

reasons;

1) Science is difficult and has too many concepts.

2) The calculation parts are hard to follow

3) The figures, graphs, diagram etc. showed in textbook cannot make them to

understand science concepts

4) Science in the classroom is totally different from and does not relate to their life

Part 3: Students’ opinions about traditional Thai music and musical instruments

This part was composed of seven questions involving non-science upper secondary

school students’ opinions toward traditional Thai music and musical instruments. The first

three questions related directly to students’ learning experiences in traditional Thai music

and musical instruments. The data was collected quantitatively by using frequency and

percent to present the results on Table 9 as following;

Table 9 Students’ learning experience in traditional Thai music and musical instruments

Questions Students’ opinions Number (%)

Question1: Have you ever learn the Yes, | have. 230 (92.0)
traditional Thai musical instruments? No, | have not 20 (8.0)
Question 2: When did you start to learn Pratomsuksa 1-3 (Grade 1-3) 85 (34.0)
Thai music subject? Pratomsuksa 4-6 (Grade 4-6) 94 (37.6)
Mathayomsuksa 1-3 (Grade 7-9) 48 (19.2)

Mathayomsuksa 4-6 (Grade 10-12) 3(1.2)

Question 3: where is the place that brings | Thai music room at school 228 (47.4)
you to know traditional Thai music and Textbooks 108 (22.5)
instruments? Internet 103 (21.4)
Thai music institute 26 (5.4)

Others (Festive events, TV, movie etc.) 16 (3.3)

Table 9 presented that most of the students (92%) in this group had learned the

traditional Thai musical instruments since they were studying in Pratomsuksa level (Grade

1-6). The most popular place that helps the students to know traditional Thai music and

instruments is the Thai music room at school.
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The results from questions number 4-7 provides a clear picture about how non-
science upper secondary school students think or feel about traditional Thai music and

instruments

Question 4: Have you ever listened to Thai classical music? Why?

The results found that 157 students (62.8%) still have occasionally listened to Thai
classical music whereas 93 students (37.2%) have not listened to Thai classical music. The
reasons come from students’ responses from writing short statements. The written
responses were coded by finding the keywords from the students’ written responses,

counted and calculated into percent as can be seen in Table 10-11.

Table 10 The reasons why students HAVE listened to traditional Thai music

The reasons why students HAVE listened to traditional Thai music Number (%)
I like it. 4(24)
Somebody in my family turns on or plays the traditional Thai music. 32 (19.2)
| used to study traditional Thai music subject in school. So, my teacher turns on the 52 (31.1)
songs in the class.
School has the activities about traditional Thai music. 13 (7.8)
Traditional Thai music is pleasing music and enjoyable. 19 (11.4)
| have heard from the radio, TV, travel place, temples, restaurants, ceremony and 28 (16.8)
festival.
| walk by the music shop. 2(1.2)
Traditional Thai music reflects Thai culture. 3(1.8)
I’'m a traditional Thai musician/dancer of school. 4 (2.4)
| used to learn and play traditional Thai musical instruments before. 5(3.0)
Teacher forced me to do the report about traditional Thai music. 2(1.2)
It is outlandishly good. 2(1.2)
Traditional Thai music can adapt to universal musical instruments. 1 (0.6)
Total 167 (100.0)

Table 10 presents the responses of 157 students who have listened to traditional
Thai music. Most of the students in this group listened to traditional Thai music by chance,
for instances, 52 responses (31.1%) have listened to Traditional Thai music from the class,

32 responses (19.2%) have listened to Traditional Thai music because somebody in their
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family turns on or plays the traditional Thai music, 28 responses (16.8%) have heard this
kind of music from mass media communication, public places and ceremony. However,

there are four responses have listened to traditional Thai music because they like it.

Table 11 The reasons why students HAVE NOT listened to traditional Thai music

The reasons why students HAVE NOT listened to traditional Thai music Number (%)

| don't like it. 38 (32.8)
| like the other kinds of music. (Thai-universal music, universal music, classics) 19 (16.4)
It's hard to find traditional Thai music because it's not currently popular. 18 (15.5)
| don’t understand the meaning of the songs. 2(1.7)
It's not important and so out of date. 5 (4.3)
I’'m not interested in traditional Thai music. 14 (12.1)
| don’t really care about traditional Thai music. 1(0.9)
| feel sleepy every time | listen to it. 6 (5.2)
It's kind of boring. 6 (5.2)
| have no idea what songs | should listen. 1(0.9)
It's ridiculous. 2(1.7)
| have no time. 4 (3.4)
Total 116 (100.0)

Table 11 showed the responses of 93 students who have not listened to traditional
Thai music. Unfortunately, all of students’ responses in this group presented that they have
no interest in traditional Thai music, for instance, 38 responses (32.3%) have not listened to
Traditional Thai music because they do not like it, 19 responses (16.4%) like other kinds of
music, 18 responses (15.5%) think that traditional Thai music is not popular and boring,

respectively.

Question 5: On your free day, if you walk pass Thai traditional ensemble ceremony,
what would you do? and Why?

The results found that 148 students (59.2%) will attend the ceremony whereas 102
students (40.8%) will not attend the ceremony. The written responses were coded by
finding the keywords from the students’ written responses, counted and calculated into

percent as can be seen in Table 12-13.
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The reasons why students WILL attend to the ceremony Number (%)
| admire traditional Thai music and instruments. 14 (8.6)
It is interesting. | want to know how well of the traditional Thai musicians and how much 43 (26.4)
they love Thai music.
There is nothing wrong to attend the ceremony. 4 (2.5)
It is interesting. Somehow, | want to learn it. 22 (13.5)
It is rare to listen to Thai classical songs and attend the ceremony. 10 (6.1)
| would like to see the real original traditional Thai music and instruments. 4 (8.6)
I maybe stop by for a while and then go somewhere. 5(3.1)
| would like to memorize the performance. | might use it one day for my own 1 (0.6)
performance.
This is Thai precious art. We have to preserve it. 10 (6.1)
They might have not only Thai music but also other performance. 10 (6.1)
I would like to see the instruments that | have not known it before. 4 (2.5)
| like clouded place. 1 (0.6)
| do not know where to go. 10 (6.1)
It probably makes me interest in traditional Thai music and instruments. 4 (2.5)
| would like to know who the musicians are. 8 (4.9)
They maybe have some food in the ceremony. 2(1.2)
Someone forces me to attend. 1 (0.6)
Total 163 (100.0)

The results from Table 12 present the responses of 148 students who will attend to

the traditional Thai music ceremony. There are 42 students’ responses (26.4%) showing

that they are interested attending the ceremony and want to know how well of the traditional

Thai musicians and how much they love Thai music. Twenty two responses (13.5%)

revealed that they attended the ceremony because they might learn the traditional Thai

musical instruments in the future, 10 responses (6.1%) realized that traditional Thai music is

a precious art and should be preserved. However, there are some negative responses for

attending the ceremony, for instance, the students do not know anywhere else to go and

the ceremony may be has other performances.
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Table 13 The reasons why students WILL NOT attend to the ceremony

The reasons why students WILL NOT attend to the ceremony Number (%)

| do not like traditional Thai music and instruments. 33 (29.7)
No interest in this field. 30 (27.0)
| already attend once last time. 1(0.9)
It is bored. 13 (11.7)
It is so sleepy. 4 (3.6)
| like universal music and instruments. 7 (6.3)
| better go somewhere else. 6 (5.4)
I’'m a lazy person. 2 (1.8)
| do not like clouded place. 4 (3.6)
It wastes my time. 4 (3.6)
Traditional Thai music terrifies me. 2 (1.8)
This is so ridiculous. 2 (1.8)
This is old-fashion and should be abolished. 1(0.9)
| do not want to listen to it. 2(1.8)
Total 111 (100.0)

The results from Table 13 present the responses of 102 students who will not
attend to the traditional Thai music ceremony. There are 33 responses (29.7%) revealing
that they do not like traditional Thai music and instruments, 30 responses (27%) showed
that they have no interest in Traditional Thai music and instruments. Moreover, 13
responses (11.7%) thought that traditional Thai music and musical instruments are boring
and students also have negative responses in many reasons, for examples, the traditional
Thai music and instruments are the waste of time, ridiculous and they like universal music

and instruments more.

Question 6: Can you play any of Traditional Thai music instruments?
The data shows that 44 students (17.6%) can still play at least one instrument, 134
students (53.6%) used to play traditional Thai musical instruments but not do so anymore

and 72 students (28.8%) have never played any of traditional Thai musical instruments.
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Question 7: Can you give three names of traditional Thai musical instruments that
you know for each type of them?

The results revealed top three instruments of each kind of traditional Thai musical
instruments as the following;
Table 14 Types of instruments and the students’ views of the top three traditional Thai

musical instruments

Types of instruments and the top three Percent (%)

Stringed Instruments

1. Saw-dla-ng 26.7

2. Saw-i- \ {4 | L . 235

3. Jakhay- | . 20.1
Wind instruments

1. Khlui 48.0

2. Pi-naw-k 40.0

3. Khae-n 10.0
Percussion Instrument

1. Grap say-pha- 20.7

2. Rana-t ay-k 19.4

3. Ching 17.4

From Table 14, the top three stringed instruments that students knew were Saw-
dba-ng (26.7%), Saw-0- (23.5%), and Jakhay- (20.1%). The top three wind instruments
were Khlui (48%), Pi-naw-k (40%), and Khae-n (10.0%). The top three percussion
instruments that students knew were Grap say-pha- (20.7%), Rana-t ay-k (19.4%), and

Ching (17.4%), respectively.

Phase 2: Developing the course

The researcher designed and developed a draft SoSTI course that was composed
of three important parts:

Part 1: Developing course outline and creating the whole course structure by using

7 steps of Taba’s curriculum development (1962: 9-14);
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Diagnosis of needs: The researcher analyzed and summarized all data from

phase 1 to diagnose the needs of the course and found that;

1)

4)

The current Thai science content areas from basic core curriculum B.E. 2551
(A.D. 2008) divided into eight strands which are;

- Living things and processes of life

- Life and the environment

- Substances and properties of substances

- Forces and motion

- Energy

- Change process of the Earth

- Astronomy and space:

- Nature of science and technology

Based on the eight strands, for students in upper secondary school
students, there are three main subjects in school underneath the science
strands physics, chemistry, and biology. Whether the non-science students
like or dislike science, they are still required to enroll courses in science
which are quite not suitable for them (Chaninan Pruekpramool. et al., 2011)
Many concepts in science are abstract which is difficult to find suitable
instructional strategies for various learning styles of the students. The
science of sound is important and a difficult concept to understand.

The science of sound and music are closely related to each other. Moreover,
many research revealed that the musical instruments can provide many
comprehensible examples to explain the science of sound concept.

From the survey research found that the numbers of Thai young generation
who interested in traditional Thai music and musical instruments continually
decrease. They have been influenced strongly by universal music and
modern music. They are not aware of Thai precious culture and tradition
emphasizing traditional Thai music and musical instruments. Therefore, we
need to promote and convince our young generations to be much more

aware of and cherish our cultural heritage.

Formulation of objectives: The objectives of the SoSTI course corresponding

to data and information from phase one and also the Basic Education

Curriculum B.E. 2551 (2008) which are;
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1) To promote students’ understanding of the science of sound in traditional
Thai musical instrument concept

2) To promote students’ scientific creativity and attitude toward science

3) To convince Thai students to become aware of precious Thai culture and
tradition emphasizing traditional Thai musical instruments

4) To promote the using of the science of sound in traditional Thai musical
instruments course (SoSTI course) in order to use this course with non-

science upper secondary school students

3. Selection of content: The researcher used Interdisciplinary Concept Model

developed by Jacob (1989) to create the organizing theme and content of the
course as shown in Figure 1. The associated ideas came from Physics (sound
concept), Music content (traditional Thai music and musical instruments),
Mathematics (measurement, equations of sound wave), Chemistry (matter and
materials), Biology (Hearing process and some part of human body) and Human

culture.

4. Organization of content: The researcher constructs and arranges the content of

5.

the course and creates the course syllabus and the time requirments for each
topic. The course content of the SoSTI course consists of;
1) Introduction of the science of sound
2) Introduction of traditional Thai musical instruments
- Stringed instruments: Saw-0-, Saw-d(a-ng and Jakhay-
- Wind instruments: Khlui, Pi-naw-k and Pi-chawa-
- Percussion instruments: Grap say-pha-, Rana-t ay-k, Ta pho-n, Khaw-ng
wong yai and Ching
3) The system of sound in traditional Thai musical instruments
4) The science of sound in traditional Thai stringed instruments
5) The science of sound in traditional Thai wind instruments
6) The science of sound in traditional Thai percussion instruments
7) Making traditional Thai musical instruments
The course syllabus and whole structure of The SoSTI course is in Appendix B.

Selection of learning experiences: The researcher chose various teaching

approaches based on the constructivist theory by concerning suitability and
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appropriateness for non-science upper secondary school students for examples
group works, experimenting, role-play, games etc.

6. Organization of learning experiences: To organize the students’ learning
experience, the researcher used 5E learning cycle as strategy of teaching and
learning process in the classroom.

7. Determination of what to evaluate and of the ways and means of doing it:
The researcher created the course evaluation form. The five experts verified the
content validity and appropriateness of the SoSTI course by using I0C (Index

of Congruence) as can be seen in Table 15.

Table 15 Index of congruence to verify content validity and appropriateness of the SoSTI

course by 5 experts

Five experts scores Congruen
Lists of evaluation Results
1 2 | 3| 4| 5 | cescores
1. The significance and principle of the Strongly
1 1 1 oM 1 0.80
course congruence
2. The significance and goals of the course Strongly
1 1 1 0| 1 0.80
congruence
3. The principle and goals of the course Strongly
1 1 1 0| 1 0.80
congruence
4. The goals and the objectives of the Strongly
1 1 1 1 1 1.00
course congruence
5. Unit explanation and content 1 1 01| O 1 0.60 congruence
6. Lesson plans and expected learning Strongly
1 1 1 1 1 1.00
outcome congruence
7. Learning approach and learning Strongly
1 1 0|1 1 0.80
objectives congruence
8. Learning assessment and learning Strongly
1 1 1 1 1 1.00
objectives congruence
9. Learning assessment and learning Strongly
1 1 0|1 1 0.80
process congruence
10. Educational aids and resources and Strongly
1 1 1 1 1 1.00
learning process congruence
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Table 15 presented that the five experts have congruence in all items. This means

the structure of the SoSTI course is appropriate and has consistency.

Part 2: Developing instructional materials which are the teacher’s handbook, and
student’s handbook of the SoSTI course.

The researcher designed the outline of the teacher's handbook and student's
handbook. The teacher's handbook and student’s handbook were verified by five experts by
using Index of Congruence (IOC). The evaluation form for the teacher’'s handbook and
student’s handbook were divided into three parts, knowledge papers, lesson plans, and the

overall assessment. The IOC can be seen in Table 16, 17 and 18, respectively.



Table 16 Index of congruence from five experts for knowledge papers

Lists of evaluation

Congruence scores from five experts

Chapter 1 Chapter 2 Chapter 3 Chapter 4 Chapter 5 Chapter 6 Chapter 7

1. The content is accurate. 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC
2. The content has clear explanation involve
directly with the science of sound in 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC
traditional Thai musical instruments.
3. Content is sorted properly. 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC
4. Figures, graphs, tables and diagrams are
suitable and make comprehensive 0.40 M 0.60 C 0.40 M 0.80 SC 0.80 SC 0.80 SC 0.80 SC
understanding.
5. Formula and mathematics section has

0.80 SC 1.00 SC 1.00 8C 1.00 SC 1.00 SC 1.00 SC 1.00 SC
clear explanation and is understandable.
6. The vocabulary is suitable for level of

1.00 SC 1.00 SC 1.00 SC 1.00 SC 0.80 SC 1.00 SC 1.00 SC
students.
7. Content difficulty is suitable for non-

0.40 M 0.80 SC 0.60 C 0.80 SC 0.80 SC 0.80 SC 0.80 SC
science upper secondary school students.
8. The number of content is suitable, no

0.80 SC 0.80 SC 0.80 SC 0.80 SC 0.80 SC 0.80 SC 0.80 SC
more or less

**SC = Strongly Congruence, C = Congruence, M = Have to Modify

From Table 16, there are some of lists of evaluation that the researcher has to modify which are the figures, graphs and

diagrams from chapter 1 and 3 and also content difficulty from chapter 1. The researcher had reconsidered and revised under the

guidance of the experts.

Gol



Table 17 Index of congruence from five experts for lesson plans

Lists of evaluation

Congruence scores from five experts

LP.1 LP.2 LP.3 LP.4 LP.5 LP.6 LP.7 LP.8

1. Learning objectives correspond to leaning indicator

060 | C |060| C |060| C |060| C |060| C |060| C |060| C |060| C
and goals of the course.
2. Learning process corresponds to and is suitable for

1.00 | SC | 1.00 | SC | 1.00 | SC | 1.00 | SC | 1.00 | SC | 1.00 | SC | 1.00 | SC | 1.00 | SC
learning objectives.
3. Instructional materials are suitable for learning

1.00 | SC | 100 | SC | 100 | SC | 100 | SC | 100 | SC | 100 | SC | 1.00 | SC | 1.00 | SC
objectives.
4. Worksheets correspond to learning process and

0.80 | SC | 1.00 | SC | 1.00 | SC | 1.00 | SC | 1.00 | SC | 1.00 | SC | 1.00 | SC | 1.00 | SC
content.
5. Assessment and evaluation are suitable for learning

1.00 | SC | 100 | SC | 1.00 | SC | 100 | SC | 100 | SC | 1.00 | SC | 1.00 | SC | 1.00 | SC
process,
6. Time arranging corresponds to content and level of

0.80 | SC | 0.80 | SC | 0.80 | SC | 0.80 | SC | 0.80 | SC | 0.80 | SC | 0.80 | SC | 0.80 | SC
students.

**LP. = Lesson Plan, SC = Strongly Congruence, C = Congruence, M = Have to Modify

From Table 17, the congruence scores presented that the five experts have congruence in all items. This means the lesson

plans of the SoSTI course is appropriate and has consistency.

90l



Table 18 Index of congruence from five experts for the overall assessment
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Congruence scores from five experts

Lists of Evaluation Teacher’s Student’s
handbook handbook
1. Letter fonts used are suitable and easily readable. 0.60 C 0.80 SC
2. Size of handbooks in suitable. 1.00 SC 1.00 SC
3. Handbooks have explicit content and easy to find the
1.00 SC 1.00 SC
needed pages.
4. The design is interesting and attractive. 1.00 SC 1.00 SC
5. The figures used are suitable and interesting. 0.80 SC 0.80 SC
6. The content ordering is easily comprehensible. 1.00 SC 1.00 SC
7. The content promotes students to become aware of and
cherish Thai focusing on traditional Thai music and 0.80 SC 0.80 SC
instruments.
8. The content is useful and can be used in real life. 1.00 SC 1.00 SC

**SC = Strongly Congruence, C = Congruence, M = Have to Modify

Table 18 presented that the five experts have congruence in all items. This means

the SoSTI course is appropriate in content, design, and format.

Part 3. Preparing research instruments

The researcher developed research instruments used in this study and some of

them are modified from authorized instruments. The research instruments compose of;

1. Students’ scientific creativity test

Students’ attitudes toward science questionnaire

2
3. The science of sound understanding test
4

The questionnaire concerning students’ awareness

musical instruments

in traditional

Thai

The research instruments are verified by five experts by using Index of Congruence

(IOC) for content validity as shown in Table 19.
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Table 19 Index of congruence from five experts for the research instruments

Congruence
Lists of evaluation Five experts scores Results
scores
1. Students’ attitudes toward science LU T e O I B 1.00 SC
questionnaire
2. Students’ scientific creativity test LA T O I I 1.00 SC
3. The science of sound L I T I I I 1.00 sC
understanding test
4. The questionnaire concerning LA R I I 1.00 SC
students’ awareness in traditional
Thai musical instruments

**SC = Strongly Congruence, C = Congruence, M = Have to Modify

The congruence scores from Table 19 shows that the five experts have strong
congruence in all research instruments used in the SoSTI course.

The researcher tried out these research instruments with 30 non-science upper
secondary school students in Bangkok Metropolitan area and vicinity and calculated the
reliability from Cronbach Ol-coefficient by using SPSS version 16. The reliability of research

instruments can be seen in Table 20.

Table 20 Reliability of research instruments

Research instrument Reliability

Students’ attitudes toward science questionnaire 0.855

From Table 20, the reliability from Cronbach’s alpha coefficient presents that the

research instruments used in this study have high level of reliability.

Phase 3: Conducting pilot study

Regarding to the experts’ comments and suggestions, the researcher revised the

first draft curriculum and then applied the revised one into the classroom in order to obtain
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the feedback from the students as well as some information that was useful for the next
revision after the pilot study.

For the pilot study, the four unit lessons of the SoSTI course were used with 55
non-science students in Matthayomsuksa 5 (grade 11) at Satthasamut School, Samut
Songkhram province during the first semester of 2010 academic year.

A four-category-problem, namely Time consumption, Teaching and learning
processes, and Instructional materials, was found from the pilot study. The detail of each
category is the following;

1) Time arrangement

Time arrangement for each lesson was revised as shown in Table 21.

Table 21 The revision of the time used in lesson plans

Lesson Number of period used
Learning lessons
Plans 1% draft Revised one
PRE-TEST - - 3
(1) Introduction of the science of sound 1,2 4 6
(2) Introduction of traditional Thai musical instruments 3 2 4
(3) The system of sound in traditional Thai musical 4 2 2
instruments
(4) The science of sound in traditional Thai stringed 5 3 6
instruments
(5) The science of sound in traditional Thai wind 6 3 6
instruments
(6) The science of sound in traditional Thai percussion 7 3 6
instruments
(7) Making traditional Thai musical instruments 8 3 4
POST-TEST - - 3
Total 8 21 40

From Table 21, time arrangement for some experiments and activities in SoSTI
course needed to be revised. For example, some activities need more time for students to
write the worksheets and summarize and because of the limitation of materials and

equipment, students spent more time for waiting for their turn to use the equipment. In
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addition, non-science students need more time to understand and to complete some
calculations.

2) Teaching and learning process

According to the class size (55 students), there were too many students in a group
and that made the classroom crowded. This resulted in difficulty for the teacher to control
the class especially when discussions or presentations were carried out. Among the above
situations, it was also found that students had problems in expressing their idea to the
class. However, the students really enjoyed the activities and experiments in the SoSTI
course.

3) Instructional materials and equipment

Some instructional materials and equipment were not enough for every student.
Additionally, durability of some demonstrative equipment was not good enough to be
touched and played with by all students.

After conducting the pilot study, the researcher revised the student’s handbook, the
teacher's handbooks as well as all of assessment forms. The dissertation advisors verified

and amended the revisions and this made the SoSTI course completed for implementation.

Phase 4: Implementation and evaluation

The complete revision of the SoSTI course was implemented to the 35 non-science
upper secondary school students in Matthayomsuksa 6 (Grade 12) who were studying in
the second semester of the 2010 academic year at Rattanakosin Sompoch Bangkhen
School, Bangkok. The SoSTI course is a two periods per week elective course and was
implemented for 4 months from November 2010 to February 2011.

The researcher, as a teacher, collected data by using; 1) Students’ scientific
creativity test, 2) Students’ attitudes toward science questionnaire, 3) The science of sound
understanding test, and 4) The questionnaire concerning students’ awareness in traditional
Thai musical instruments. The gathered data were analyzed by t-test for dependent sample
(paired sample t-test) via SPSS version 16. The data were analyzed follow to the
hypotheses as the following:

Hypothesis 1: After complete the SoSTI course, the students’ scientific creativity
increase.

The researcher adapted the students’ scientific creativity test under the authorization
from Adolescent Scientific creativity Test (ASCT) (Hu & Adey, 2002) designed for

specifically secondary school students. The various activities and experiments used in the
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SoSTI course entirely promote students’ scientific creativity. The students’ scientific
creativity Test composed of 7 tasks. Scores for each task came from frequencies,
percentages, and probability in different scientific creativity skills, ideational fluency, the
flexibility, and the originality. The pretest and posttest scores were analyzed by paired
sample t-test both of items paired analysis and holistic analysis. The correlation between

the pretest and posttest in each task can be seen in Table 22.

Table 22 Paired sample correlation pretest and posttest in each task

Pairs Paired Samples Correlations N Correlation Sig.
1 Item 1 Pre and Post-test (Glass) 35 .341 .045
2 Iltem 2 Pre and Post-test (Planet) 35 437 .009
3 Iltem 3 Pre and Post-test (Bicycle) 35 .288 .094
4 Iltem 4 Pre and Post-test (Gravity) 35 -.007 .970
5 Iltem 5 Pre and Post-test (Square) 35 507 .002
6 Iltem 6 Pre and Post-test (Tissue paper) 35 .298 .082
7 Iltem 7 Pre and Post-test (Mango picking machine) 35 .263 A27

From Table 22, the correlation between pretest and posttest in each items
presented that task 1, 2, 3, 5, 6, and 7 have the relation in the same direction and task 4
has the relation in opposite direction.

Test of hypothesis 1: The results of the students’ scientific creativity pretest and

posttest scores using paired-samples t-test is shown in Table 23 and 24.
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Table 23 Paired sample t-test for pretest and posttest in each task

Paired Differences
95% Confidence
Pairs| Paired items analysis Std. Interval of the
Std. | Error | Difference Sig. (2-
Mean | Deviation | Mean | Lower | Upper t df tailed)
1 |ltem 1 Pre and Post-test
-2.8857 4.6067| .7787|-4.4682| -1.3033| -3.706| 34 .001
(Glass)
2 |ltem 2 Pre and Post-test
-.7143 6.4743| 1.0943|-2.9383| 1.5097| -.653| 34 518
(Planet)
3 |ltem 3 Pre and Post-test
-5.2286 6.6998| 1.1325(-7.5300| -2.9271| -4.617| 34 .000
(Bicycle)
4 |ltem 4 Pre and Post-test
-2.5429 5.9228| 1.0011|-4.5774 -.5083| -2.540| 34 .016
(Gravity)
5 |ltem 5 Pre and Post-test
-.4571 5.3925| .9115[-2.3095| 1.3952| -502| 34 .619
(Square)
6 |ltem 6 Pre and Post-test
-2.1429 3.7896| .6406|-3.4446 -.8411| -3.345| 34 .002
(Tissue paper)
7 |ltem 7 Pre and Post-test
-6.8857 7.3596| 1.2440|-9.4138| -4.3576| -5.535| 34 .000
(Mango picking machine)

Table 24 Overall paired sample t-test for pretest and posttest for students’ scientific

creativity
Paired Differences
95% Confidence
Paired analysis Std. Interval of the
Std. Error Difference Sig.

Mean | Deviation | Mean | Lower | Upper t df | (2-tailed)
Sum Pre-Creativity scores and

-20.857 25.197| 4.259|-29.513| -12.202| -4.897| 34 .000
Sum Post-creativity scores
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From Table 24, the t-value is at Ol=.05 and degree of freedom of 34, the t-value

from SPSS indicated that t is equal to absolute value of - 4.897. The t-test scores of

students’ scientific creativity presented that the mean scores are significantly different at the

.05 level. Consequently, the students’ scientific creativity is significantly increased. The

students’ scientific creativity pretest and posttest scores can be seen in Figure 21.

—e— Pretest scores
—=— Posttest score

123456 7 8 91011121314151617181920212223242526272829 303132333435

Figure 21 The students’ scientific creativity pretest and posttest scores

Student number

Hypothesis 2: The students’ posttest score in understanding in the science of

sound content is higher than the pretest one.

The researcher evaluated students’ understanding in the science of sound content

before and after taking the course by statistic t-test for dependent sample (paired-samples

t-test) and the results are shown in Table 25.

Table 25 Overall paired sample t-test for pretest and posttest for students’ understanding in

the science of sound content

Paired Differences

95% Confidence

Interval of the

Paired analysis Std.
Std. Error Difference Sig.
Mean | Deviation | Mean Lower | Upper t df |(2-tailed)
Sum Pretest and Posttest
-4.7143 4.7392 .8011| -6.3423| -3.0863| -5.885| 34 .000

understanding score
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From Table 25, the t-value is at Ol=.05 and degree of freedom of 34, the t-value
from SPSS indicated that t is equal absolute value of minus 5.885. The t-test scores of
students’ understanding the science of sound content indicated that the mean scores are
significantly different at the .05 level. This means that the students’ understanding the
science of sound content was significantly increased after taking the SoSTI course. The
students’ understanding the science of sound content pretest and posttest scores can be

seen in Figure 22.

30

25 A

—e— Pretest score
20 A —=— Posttest score

15 4

10 A

1234567 891011121314151617181920212223242526272829303132333435

student number

Figure 22 The students’ pre and post-test score in understanding

in the science of sound content

From Figure 22, the students’ pretest papers in understanding in the science of
sound content presented that students had some knowledge about science of sound before
studying from the SoSTI course. Almost all of the knowledge they had was based on their
own experiences, for example, the students knew that the size of the instruments have
influenced to the sound that the instruments produced, they knew that the stringed-
instrument has higher tone when the string has more tension. However, from the pretest
scores, there were many topics in sound that they had difficulties, for instances, they did
not know the scientific vocabulary in the science of sound concepts and their meanings,
and they did not know how to calculate the wave equation.

The students’ post-test papers in understanding the science of sound content
revealed that students had more knowledge about science of sound content, for instances,
they knew more about the scientific vocabulary used in this topic, they knew how to relate

the science of sound to their life situations, and most of students knew how to calculate
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from the wave equation. However, the students still had difficulty in subjective tests. The
students had difficulty explaining the answers that they write down in the short answers.
Hypothesis 3: The students’ attitude toward science at the end of the course is
positive.
The researcher assessed students’ attitude toward science before and after taking
the course by using scientific attitude test adapted from Scientific Attitude Inventory (SAI II)
(Richard & Foy, 1997) under the authorization. Statistic t-test for dependent sample (paired-

samples t-test) was used and the results are revealed in Table 26.

Table 26 Overall paired sample t-test for pretest and posttest for students’ attitude toward

science

Paired Differences

95% Confidence
Paired analysis

Std. Interval of the sig.
Std. Error Difference (2-
Mean | Deviation | Mean | Lower | Upper t df | tailed)

Sum Pretest and Posttest students’
-.09514 .39559| .06687|-.23103| .04075| -1.423|34 .164

scientific attitude toward science

The t-value at Ol=.05 and degree of freedom of 34 from Table 26, the t-value from
SPSS indicated that t equals absolute value of - 1.423. The t-test scores of students’
attitude toward science showed that the mean scores are not significantly different at the
.05 level. As a result, the students’ attitude toward science is not explicitly change after they
learned from the SoSTI course. The students’ attitude toward science pretest and posttest

scores is shown in Figure 23.
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Figure 23 The students’ pre and post-test score in attitude toward science

Moreover, to compare students’ attitude toward science before and after taking the
SoSTI course, the researcher additionally analyzed students’ attitude toward science in
each item of the test. The scientific attitude toward science test composed of 40 items. The
result of item analysis of the test was evaluated by paired-samples t-test as shown in Table

27.

Table 27 The result of item analysis of the students’ scientific attitude test

PRE-TEST POST-TEST
Item statements N Std. Std.
Mean | Median Mean | Median
Deviation Deviation

1. I would enjoy studying science. 35 3.17 3.00 .891 3.43 3.00 778
2. Anything we need to know can be

35 3.57 4.00 .655 4.1 4.00 .631
found out through science.
3. It is useless to listen to a new idea

35 2.80 3.00 1.079 3.03 3.00 1.124
unless everybody agrees with it.
4. Scientists are always interested in

35 3.94 4.00 .684 4.06 4.00 725
better explanations of things.
5. If one scientist says an idea is true,

35 3.03 3.00 .954 2.91 3.00 1.011
all other scientists will believe it.
6. Only highly trained scientists can 35 2.9 3.00 1.121 3.06 3.00 1.110
understand science.
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PRE-TEST POST-TEST
Item statements N Std. Std.
Mean | Median Mean | Median
Deviation Deviation

7. We can always get answers to our

35 3.20 3.00 797 3.60 4.00 .847
questions by asking a scientist.
8. Most people are not able to

35 3.06 3.00 1.083 3.11 3.00 1.051
understand science.
9. Electronics are examples of the

35 4.37 5.00 731 4.46 5.00 741
really valuable products of science.
10. Scientists cannot always find the

35 4.09 4.00 742 4.03 4.00 .923
answers to their questions.
11. When scientists have a good
explanation, they do not try to make it | 35 2.74 3.00 1.010 2.80 3.00 1.256
better.
12. Most people can understand

35 3abil 3.00 .951 3.89 4.00 .796
science.
13. The search for scientific

35 2.54 2.00 1.067 2.46 3.00 1.120
knowledge would be boring.
14. Scientific work would be too hard

35 3.14 3.00 1.141 3.03 3.00 1.043
for me.
15. Scientists discover laws which tell

35 3.97 4.00 .618 4.03 4.00 .664
us exactly what is going on in nature.
16. Scientific ideas can be changed. 35 4.26 4.00 .657 4.06 4.00 .639
17. Scientific questions are answered

35 4.06 4.00 .684 3.97 4.00 .923
by observing things.
18. Good scientists are willing to

35 3.71 4.00 .750 3.97 4.00 .822
change their ideas.
19. Some questions cannot be

35 3.91 4.00 1.011 3.89 4.00 .963
answered by science.
20. A scientist must have a good

35 4.06 4.00 .968 3.94 4.00 1.027
imagination to create new ideas.
21. Ideas are the important result of

35 4.03 4.00 .785 4.03 4.00 .785
science.
22. | do not want to be a scientist. 35 3.60 4.00 1.218 3.49 3.00 1.011
23. People must understand science

35 4.03 4.00 .664 4.00 4.00 .642
because it affects their lives.
24. A major purpose of science is to

35 3.57 4.00 1.065 3.46 3.00 1.172
produce new drugs and save lives.
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PRE-TEST POST-TEST
Item statements N Std. Std.
Mean | Median Mean | Median
Deviation Deviation

25. Scientists must report exactly what

35 417 4.00 147 4.34 5.00 .802
they observe.
26. If a scientist cannot answer a

35 3.37 4.00 1.165 3.77 4.00 .843
question, another scientist can.
27. 1 would like to work with other

35 3.11 3.00 1.078 3.43 3.00 1.170
scientists to solve scientific problems.
28. Science tries to explain how things

35 4.26 4.00 741 4.31 4.00 .676
happen.
29. Every citizen should understand

35 3.91 4.00 1.040 3.94 4.00 .873
science.
30. | may not make great discoveries,

35 3.57 4.00 1.008 3.83 4.00 .985
but working in science would be fun.
31. A major purpose of science is to

35 3.86 4.00 .879 4.00 4.00 .767
help people live better.
32. Scientists should not criticize each

35 3.60 4.00 1.063 3.57 3.00 1.065
other’s work.
33. The senses are one of the most

35 3.97 4.00 .923 4.06 4.00 .873
important tools a scientist has.
34. Scientists believe that nothing is

35 3.51 4.00 1.011 3.51 3.00 .919
known to be true for sure.
35. Scientific laws have been proven

35 4.09 4.00 .702 4.03 4.00 .707
beyond all possible doubt.
36. | would like to be a scientist. 35 2.37 3.00 1.003 2.89 3.00 .993
37. Scientists do not have enough

35 3.00 3.00 .874 3.09 3.00 1.067
time for their families or for fun.
38. Scientific work is useful only to

35 2.29 2.00 1.226 217 2.00 .985
scientists.
39. Scientists have to study too much. | 35 3.7 4.00 1.017 3.74 4.00 .886
40. Working in a science laboratory

35 3.89 4.00 1.207 4.29 5.00 .926
would be fun.

From Table 27, the result from item analysis of the students’ scientific attitude test

presented that students has increased in some items (ltems 2, 7, 26, 27, 36 and 40).

However, the majority of the results in each of the item revealed that the students’ attitude

toward science had increased but were not explicitly changed.
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The item analysis of students’ attitude toward science pretest and posttest scores

can be seen in Figure 24.
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Figure 24 The item analysis of students’ attitude toward science

pretest and posttest scores

The researcher evaluated item analysis (N=40 items) of students’ attitude toward

science before and after taking the SoSTI course. Statistic t-test for dependent sample

(paired-samples t-test) was used and the results can be seen in Table 28.

Table 28 The item analysis paired sample t-test for pretest and posttest for students’

attitude toward science

Paired Differences

Paired analysis

95% Confidence

Interval of the

Std. Std. Error Difference Sig.
Mean | Deviation Mean Lower | Upper t df |(2-tailed)
Item analysis for pre and
-.09600 .19235 .03041| -.15752| -.03448| -3.157(39 .003
post-test scores
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The t-value at Ol=.05 and degree of freedom of 39 from Table 28, the t-value from
SPSS indicated that t equal to absolute value of - 3.157. The t-test scores of students’
attitude toward science presented that the mean scores are significantly different at the .05
level by using item analysis. Therefore, the students’ attitude toward science is change after

they learned in the SoSTI course.

Hypothesis 4: The students have become more aware of Thai culture and tradition
especially traditional Thai musical instruments after completing the course.

According to the researcher’s original idea, the students’ awareness of Thai culture
and tradition especially about traditional Thai musical instruments were planned to be
analyzed from the structured interview by selecting 5-10 randomly to give the researcher
about their opinions before and after taking the SoSTI course. However, because of the
time limitations, the researcher decided to put all questions from the structured interview
form into a questionnaire and let the students write down what they individually thought
about traditional Thai music and musical instruments. For analyzing, the researcher used
coding technique and triangulation process by the researcher and two investigators.

The questionnaires were divided into pre-questionnaire and post-questionnaire to
ask for students’ opinions in awareness of Thai culture and tradition. The results can be

seen in the following.

Table 29 Students’ opinions toward Thai culture focusing on traditional Thai music and

musical instruments before completing the course

Questions Students’ opinions Number (%)

1. Students’ first thought | Traditional Thai musical instruments 18(64.3)
to the word “traditional Traditional Thai performing and dancing art 3(10.7)
Thai music” Identity and uniqueness of Thailand 1(3.6)
Melodious sound of traditional Thai musical 3(10.7)

Traditional Thai songs 1(3.6)

Name if the main actor in the movie, “Khun In” 1(3.6)

Traditional Thai music ensembles 1(3.6)

Total 28(100.0)
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Questions Students’ opinions Number (%)
2. Students’ opinions It is important in order to produce good melodious, rhythms, 3(10.3)
about how important of and sound.
traditional Thai music It represents the identity, culture, and fascination of Thailand. 20(69.0)
and musical instruments | It is one of traditional Thai performing arts. 2(6.9)
and students’ interests | Activities of Thai people in the past. 1(3.9)
in traditional Thai music | |t s the pride of Thailand. 1(3.5)
and musical instruments | |t can use to be the talent for further study in university level. 1(3.5)
We should study and learn traditional Thai music and musical
instruments. 1(3.5)
Total 29(100.0)
3. What levels do you High level because 3(10.7)
think you have - Traditional Thai music and musical instruments have 1
attentiveness and beautiful sound. 2
interest in traditional - | want to learn traditional Thai musical instruments.
Thai music and musical | Medium level because 18(64.3)
instruments? (high, - | used to play traditional Thai musical instruments but rarely 4
medium, or low) have chance to practice it.
- This is knowledge that can use in everyday life 1
- There are some instruments that we should try to play. 2
- They have good melodious but | cannot listen to it for long.
- | do not play any of them. 1
- There are many instruments that | do not know.
- | have listened to it every day. 2
- | rarely have chance listening to it. 1
- | do not like listening to traditional Thai music and do not 1
like some of instruments. 1
- | want to learn traditional Thai musical instruments but have 3
rarely chance to learn it seriously. 3
Low level because 7(25.0)
- Traditional Thai songs make me feel sleepy. 1
- Traditional Thai musical instruments are difficult to play. 2
- I do not like listening to it and I like other kinds of music. 3
- | do not play any of them. 3
- | rarely have chance learning or playing it. 2
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From the pre-questionnaire asking students’ first thought to the word “traditional
Thai music” from Table 29 showed that most of the students (64.3%) thought about
traditional Thai musical instruments. In addition, 20 students’ responses (69.0%) thought
that the traditional Thai music and musical instruments represent the identity, culture, and
fascination of Thailand. Moreover, the majority of students in this group thought that they

have attentiveness and interest in traditional Thai music and musical instruments in medium

level.

After studying from the SoSTI

course, the

questionnaire to the students and the results can be seen in Table 30.

researcher conducted the post-

Table 30 Students’ opinions toward Thai culture focusing on traditional Thai music and

musical instruments after completing the course

Questions Students’ opinions Number (%)
1. After studying Traditional Thai musical instruments should be preserved as an 3(7.1)
from the SoSTI identity of Thailand.
course, what do you | Traditional Thai musical instruments can be connected with 14(33.3)
think about science.
traditional Thai Learning science is fun with experiments and activities especially 13(31.0)
music and musical creating my own musical instrument.
instruments? Learning science is not difficult with traditional Thai musical 6(14.3)
instruments.
I know more from traditional Thai musical instruments and 5(11.9)
science.
Traditional Thai music helps me to have more concentration and 1(2.4)
relax.
Total 42(100.0)
2. How important of | Traditional Thai musical instruments are very important. 2(3.9)
traditional Thai Traditional Thai music and musical instruments have represented 19(37.2)
music and musical the identity of Thailand and Thai people for a very long time.
instruments? Traditional Thai music is relaxed and entertaining. 3(5.9)
Traditional Thai music and musical instruments are worth 13(25.5)
preserving.
Traditional Thai music and musical instruments is relevant to the 6(11.8)
daily lives of Thai people (ceremonies, festive activities etc.)
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Questions Students’ opinions Number (%)
Traditional Thai music and musical instruments should be 2(3.9)
disseminated to the other countries.

Traditional Thai music and musical instruments can be applied to 6(11.6)
other subjects.
Total 51(100.0)
3. Students’ feelings | | regret that Thai children are turning their attention into universal 13(46.4)
when someone music or the music from other countries (Japan, Korea, etc.).
declares that Traditional Thai music and musical instruments are worth 3(10.7)
traditional Thai preserving.
music and musical It is not true. Presently, people is turning back to play traditional 3(10.7)
instruments are not Thai musical instruments more.
having the inheritors. | | feel really worry. 6(21.4)
| feel pity for that situation. 2(7.1)
We might lack something that represents the Thai nation. 1(3.6)
Total 28(100.0)
Students’ ideas to We should encourage Thai young generation to learn the 12(23.5)
solve this problem. traditional Thai musical instruments especially children who want
to learn Thai music.
We should have traditional Thai music contest and competition 4(7.8)
integrate with universal music for this group of people.
We should organize the campaigns involving traditional Thai 7(13.7)
music and musical instruments to persuade people to play Thai
music.
We should instill admiring traditional Thai music to the children. 13(25.5)
We should add new techniques to make traditional Thai music 4(7.8)
and musical instruments to be more attractive.
We should form the group of traditional Thai musical instruments 1(2.0)
makers in order to continuously transfer this knowledge and
wisdom.
We should have more time for studying traditional Thai music and 5(9.8)
musical instruments in school.
We should promote and communicate the knowledge about 3(5.8)
traditional Thai music and musical instruments via mass media
communication.
Thai government and other agencies should realize and promote 2(3.9)

how important of traditional Thai music and musical instruments.

Total

51(100.0)
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From Table 30, the post-questionnaire asking students’ opinions toward traditional
Thai music and musical instruments revealed that 14 responses (33.3%) thought that
traditional Thai musical instruments can be connected with science, 13 responses (31.0%)
thought that learning science is fun with experiments and activities especially creating my
own musical instrument. From question two, 19 responses (37.2%) realized that traditional
Thai music and musical instruments is the representative of the identity of Thailand and Thai
people, 13 responses (25.5%) thought that traditional Thai music and musical instruments
are worth preserving. From question three, 13 responses (46.4%) felt regret that Thai
children are turning the music from other countries. From this question, students also
presented their ideas to solve the problem, 13 responses (25.5%) suggested that we should
instill admiring traditional Thai music to the children, 12 responses (23.5%) suggested that
we should encourage Thai young generation to learn the traditional Thai musical
instruments.

The researcher randomly selected 10 students to be the representatives of this
class. The students’ opinions in traditional Thai musical instruments before and after taking

the SoSTI course can be seen as the following;

Table 31 The students’ opinions in traditional Thai musical instruments before and after

taking the SoSTI course

Students Students’ opinion in traditional Thai musical instruments

BEFORE studying the SoSTI course AFTER studying the SoSTI course

Question 1: Students’ first thought to the | Question 1: After studying from the SoSTI
word “traditional Thai music” course, what do you think about traditional

Thai music and musical instruments?

1 “l think about traditional Thai musical “l think that we can use various materials and
instruments” equipments to create our own instruments and
traditional Thai musical instruments can merge

with science subject.”

2 “The traditional Thai music ensembles” “Traditional Thai musical instruments make

science easier.”

3 “The sound of Rana-t ay-k” “Traditional Thai music and musical
instruments can do many things. This made

me want to try playing it.”
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Students Students’ opinion in traditional Thai musical instruments
BEFORE studying the SoSTI course AFTER studying the SoSTI course

4 “Thai culture” “It is important and represents the identity of
Thailand.”

5 “Thai folk dance and dancer” “Traditional Thai music and musical
instruments can be fit with science and make it
easier.”

6 “The traditional Thai musical instruments” | “There are a lot to learn from traditional Thai
musical instruments. It is fun more than |
thought.”

7 “The soft and slow music” “Traditional Thai music make me relax and
have more concentration.

8 “‘Rana-t” “Science and music can be connected.”

9 “The traditional Thai musical instruments” | “Science and traditional Thai musical
instruments can be connected.”

10 “The traditional Thai musical instruments” | “The sound of traditional Thai musical
instruments can explain by science”

Students | Question 2: Students’ opinions about | Question 2: Students’ opinions about how
how important of traditional Thai music | important of traditional Thai music and musical
and musical instruments and students’ | instruments
interests in traditional Thai music and
musical instruments

1 “It represents Thai nation and is the pride | “It is greatly important to Thai tradition and
of Thai. When the travelers or guests Thailand because it represents the identity of
from abroad come to Thailand, this is a Thailand and stay with Thai people for very
good culture to show them.” long times.”

2 “It is just for the show in order to apply “It is important especially when you know the
for the university as a specific history of your own root. Moreover, this is time
competency.” to disseminate Thai culture to the world.”

3 “This presents the spirit of Thai in our “Traditional Thai music is a uniqueness of Thai
country.” nation. We, as a Thai, should preserve and

protect our own assets.”

4 “It is the identity of Thai nation.” “These knowledge and wisdom have to

transmit and transfer to young generation and

should be preserved.”
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Students Students’ opinion in traditional Thai musical instruments
BEFORE studying the SoSTI course AFTER studying the SoSTI course

5 “It is the identity of Thai people, should “These things are truly Thai. We should
be preserve to the next generation.” conserve it for Thai future.”

6 “It is important for just only people who “Now, | think that we can learn a lot from
like traditional Thai music.” traditional Thai musical instruments. The

instruments are useful. The traditional Thai
musical instruments can integrate to other
subject and promote various kinds of learning.
And it was fun more than | thought.”

7 “It promotes our country to have our own | “Traditional Thai music eases up my mind and
musical culture and have outstanding affect on concentrating to my study. It is very
identity.” important to our country because it is an

identity of Thai.”

8 “It is an identity of Thai country that “Traditional Thai music and musical
descent from our ancestor.” instruments are things that we should preserve

and conserve to the next generation.”

9 “It represents Thai people and identity of | “Each of traditional Thai musical Instruments
Thailand.” are different in sound and how to play. All of

them are important because when the
musicians play as an ensemble, every sound
will fuse into one.”

10 “It is an identifying of Thai identity and “After studying this course, | realize that
culture.” traditional Thai music and musical instruments

are the important things that we should
preserve. It is our precious cultural heritage of
Thailand.”

Students | Question 3: students’ attentiveness and | Question 3: Students’ feelings when someone

interest in traditional Thai music and

musical instruments

declares that traditional Thai music and

musical instruments are not having the

inheritors and the ideas to solve this problem.

“l did not frequently listen to Thai
classical music. However, sometimes, |

like it.”

“| feel very bad. Whereas, traditional Thai
music and musical instruments are not having
the inheritors, young Thai people conversely
interest and play universal music and the
songs from other countries more than their

own country. We should promote more
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Students

Students’ opinion in traditional Thai musical instruments

BEFORE studying the SoSTI course

AFTER studying the SoSTI course

traditional Thai music and musical instruments

to Thai children.”

“l do not like some traditional Thai

musical instruments.”

“If it happens, | will be the one who revive
traditional Thai music and musical instruments
by setting a group of people who create and
construct traditional Thai musical instruments
and transmit this knowledge into piece of
writing and lastly disseminate this knowledge

to our youth and the public.”

“I'm not interest in it because it is hard to

find any of them in my real life.

“| feel very worried because this is one of the
things that belong to Thai people. We should
create the traditional Thai music and musical
instruments subject to young people and give
them a chance to touch and get into this field

so much more.”

“I'm not interest in traditional Thai musical
instruments because it is difficult to play

and not popular.”

“We have to disseminate this culture by using
mass media to renovate traditional Thai
musical instruments and point out the
important of traditional Thai music and musical

instruments.”

“If I have to listen to this kind of songs |

will absolutely sleep soon.”

“We should bring traditional Thai music and
musical instrument to teach in schools much
more than we did and should recommend

these to Thai children.”

“l do not like listening to traditional Thai
music but if you want me to learn, | will

learn.”

“| feel really sad and ashamed of this situation.
The idea to solve this problem is practicing our
young students to play traditional Thai musical

instruments and love Thai classical music. ”

“l used to listen to this kind of songs and
it made me sleepy. Moreover, it's hard to
play the instruments for every

instrument.”

“| feel really sorry that no one wants to inherit
the identity of Thai, traditional Thai music
instruments. The guideline to fix this problem is
to invite our young blood generation to play
and to give priority to traditional Thai music

instruments.”
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Table 31 (continued)

Students Students’ opinion in traditional Thai musical instruments
BEFORE studying the SoSTI course AFTER studying the SoSTI course
8 “I don't like it. | don’t want to listen to it. “| feel that traditional Thai music and musical
And | don’t want to play any of them. ” instruments are obsolescent day by day. If |

have a kid | will send him/her to learn
traditional Thai instruments and motivate

him/her to listen to Thai classical music.”

9 “I'm not interest in traditional Thai music “| feel really ashamed because traditional Thai
and musical instruments much because | | is regarded as an identity of Thai people. |
don’t have any chance to play or learn.” would like our government and relevant

agencies to help in order to promote and
spread more about traditional Thai music and

musical instruments.”

10 “I don’ like listening to this music and “From the bottom of my heart, | feel really
have never played the traditional Thai worry because traditional Thai music and
musical instruments before.” musical instruments have a very long history

and is an identity of Thai country. We should
give more information about Thai music and
instruments to young generation and teach
them how good and important of traditional

Thai music and musical instruments.”

Student’s opinions toward the SoSTI course

The researcher also asked the students’ opinions how they felt about the SoSTI
course after studying the course by using student’s opinions toward SoSTI course
questionnaire. The questionnaire was divided into two parts, the general information part
and the student’s opinions toward the SoSTI course after studying this course. The results

can be seen in the following

Part 1: General information

The participants composed of (Grade 12) 35 students (14 males and 21 females).
They were studying a non-science major program specifically Thai and society major in
Matthayomsuksa 6 during the second semester of the 2010 academic year from
Rattanakosin Sompoch Bangkhen School, Bangkok as the researcher mentioned earlier.

Students’ Grade Point Average (GPA) can be seen in Table 32.
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GPA Frequency Percent (%)
2.00 — 2.50 9 25.7
2.51 -3.00 14 40.0
3.01 - 3.50 12 12.0

Total 35 100.0

From Table 32, there are 9 students (25.7%) have GPA between 2.00 and 2.50, 14
students (40.0%) have GPA between 2.51 and 3.00, 12 students (12.0%) have GPA

between 3.01 and 3.50, and no one has GPA higher than 3.51.

Part 2: Student’s opinions toward the SoSTI course

Students’ opinion toward the SoSTi course was divided into three aspects, content,

learning process and teacher’s characteristics, respectively. The data interpretation used the

criterion scores. Student evaluated the course and the results can be seen in the Table 33.

Table 33 Students’ opinions toward the SoSTi course

Std. Data
Item statements N Mean
Deviation interpretation
Content
1. Content is suitable for the level of students 35 3.89 .796 Agree
2. Content can be integrated to real life 35 3.83 .785 Agree
3. Content can promote students' awareness of the 35 3.77 910 Agree
important of science
4. Content can promote students' awareness in 35 4.29 .750 Agree
traditional Thai music and musical instruments
5. The difficulty level of the content 35 3.23 .598 Neutral
6. The overall satisfaction to the content of the 35 4.06 .802 Satisfy
course
Learning Process
1. Learning process is suitable for the level of 35 3.86 .810 Agree
students
2. The activity can activate the learning of students 35 3.80 .833 Agree
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Table 33 (continued)

Std. Data
Item statements N Mean
Deviation interpretation
3. The learning process can connect the theory into | 35 3.66 .639 Agree
practicing and actions
4. The instructional materials and equipments are 35 3.91 .818 Agree
appropriate
5. The classroom atmosphere is suitable for 35 3.66 .838 Agree
learning process
6. The difficulty level of activities 35 3.23 .808 Neutral
7. The overall satisfaction to the learning process 35 3.97 747 Satisfy
Teacher’s characteristic
1. Teacher knew the content very well 35 4.31 .758 Agree
2. Teacher behaviors and manners in class are 32 4.34 .639 Agree
suitable
3. Teacher dressed appropriately 35 4.34 .725 Agree
4. Teacher language used is suitable 35 4.23 731 Agree
5. Teacher pay good attention and always care for 35 4.23 .808 Agree
students
6. Teacher always comes to the class on time 35 4.57 .655 Strongly Agree
7. The overall satisfaction to the teacher 35 4.43 .655 Satisfy

From Table 33, students have positive opinions toward the SoSTI course. The
results revealed that students were satisfied with the SoSTI course in all three aspects,
content, learning process and teacher’s characteristics, respectively.

In summary, from Table 33 the overall results of students’ opinions after studying
the SoSTI course indicated that the students have positive opinions to the course in every
aspect. The students thought that the contents and activities in the SoSTI course are not

too difficult for them to understand. Moreover, they enjoyed studying the course.



CHAPTER 5
CONCLUSION AND DISSCUSSION

This chapter presents the conclusion, discussion, and recommendations of this

study related to the research objectives, hypotheses, instruments, and methodology.

Research Objectives

The objectives of this study are summarized as follows:

1.

To develop the science of sound course for non-science upper secondary
school students, an interdisciplinary course, by applying traditional Thai musical
instruments and using integrated teaching approach

To study the development of students’ scientific creativity

To compare the students’ understanding in science of sound before and after
completing the course

To compare students’ attitude toward science of sound before and after taking
the course

To convince Thai students to become aware of precious Thai culture and

tradition especially of in traditional Thai musical instruments

Research hypotheses

The hypotheses of this study have shown in the following;

1.
2.

After complete the SoSTI course, the students’ scientific creativity increase.

The students’ post-test score in understanding in the science of sound higher
than the pre-test one.

The students’ attitude toward the science at the end of the course is positive.
The students have become more aware of Thai culture and tradition especially

traditional Thai musical instruments after completing the course.
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Research instruments
The research instruments in this study composed of;
1. Students’ scientific creativity test
2. Students’ attitudes toward science questionnaire
3. The science of sound understanding test
4. The questionnaire concerning students’ awareness of traditional Thai musical
instruments

5. The students’ opinions toward the SoSTI course questionnaire

Research methodology

The research methodology of this study is presented as follows;

Phase 1: Pre-developing the course

The purposes of this phase were to find the fundamental information of this
research by using questionnaires and interviewing. This phase is divided into three steps:

Step 1: Studying documents and related literature

The researcher studied the documents and reviewed the related literatures about
the science of sound content, educational issued and Traditional Thai music and musical
instruments.

Step 2: Interviewing the guru of traditional Thai musical instruments

The researcher conducted the structured interview created by the researcher to the
guru of traditional Thai musical instruments in Samut Songkhram province, Mr.Surin
Udomsawat, to find what the guru thinks about young generations and traditional Thai
music and musical instruments.

Step 3: conducting a survey with non-science upper secondary school students
about their opinions toward science and traditional Thai musical instruments.

The researcher conducted a survey with non-science upper secondary school
students about their opinions toward science and traditional Thai musical instruments. This

survey is a preliminary study of this research.

Phase 2: Developing the course
This phase composed of the following parts.
Part 1: Developing course outline and creating the whole course structure by using

7 steps of Taba’s curriculum development (1962: 9-14); 1) Diagnosis of needs, 2)
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Formulation of objectives, 3) Selecting the content, 4) Organizing the content, 5) Selecting
the learning experiences, 6) Organizing the learning experiences, and 7) Verifying the
course outline by three experts.

Part 2. Developing instructional materials which are the teacher’'s handbook, and
student’s handbook of the course. Five experts verified these two handbooks by using I0OC
(Index of Congruence). The researcher revised the student's handbook and teacher’s
handbook based on the comments of the experts.

Part 3: Preparing research instruments which are;

1. Students’ scientific creativity test was modified from authorized instrument,

Adolescent Scientific Creativity Test (Hu & Adey, 2002).
2. Students’ attitude toward science questionnaire was modified from authorized
instrument, Scientific Attitude Inventory (SAI Il) (Richard & Foy, 1997).

3. The science of sound understanding test created by the researcher.

4. The questionnaire concerning students’ awareness in traditional Thai musical

instruments created by the researcher.

5. The students’ opinions toward the SoSTI course questionnaire created by the

researcher.

All the research instruments were verified by five experts by using Index of
Congruence (I0OC) for content validity. Additionally, the researcher tried out the science of

sound understanding test with 30 non-science upper secondary school students to find the

item difficulty and discrimination and reliability by using Cronbruch Ol-coefficient. The

complete revision of research instruments was used for the next phase.

Phase 3: Conducting pilot study

The researcher conducted a pilot study to one classroom composed of 55 non-
science students in 11th grade at Satthasamut School, the province of Samut Songkhram,
in the first semester of 2010 academic year. The pilot study was used for 15 periods. The
significant purpose of conducting a pilot study is to examine a quality of the draft SoSTI

course.

Phase 4: Implementation
The researcher, as a teacher conducted the pretests and the questionnaires

composed of the science of sound understanding test, students’ scientific creativity test,
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students’ attitude toward science questionnaire, and students’ awareness in traditional Thai
musical instruments questionnaire to the students in the first three period of the class. The
participants were 35 non-science students in 12th grade of Rattanakosinsompoch Bangkhen
School, Bangkok who were studying in the second semester of 2010 academic year. The
implementation was used for 40 periods. During the classroom activities, the researcher
observed the students’ behavior and recorded the atmosphere of the classroom with a
video camera. In the last three periods, the researcher provided the science of sound
understanding test, students’ scientific creativity test, students’ attitude toward science
questionnaire, students’ awareness in traditional Thai musical instruments, and the students’

opinions toward the SoSTI course questionnaire to the students.

Conclusion

The research findings were summarized as follows;

1. The findings from pre-developing phase

Step 1: Studying documents and related literature

The researcher studied the documents and reviewed the related literatures about
the science of sound content, which included some parts of physics, mathematics,
chemistry and biology as well as educational issues which are the topics of the science of
sound, curriculum development, interdisciplinary curriculum, constructivism, integrated
teaching approach, scientific creativity and including traditional Thai musical instruments.
This information was used as the basic ideas to design a draft structure of the course for
the next phase.

Step 2: Interviewing the gurus of traditional Thai musical instruments

From the guru’s, Mr. Surin Udomsawat, opinion, the researcher found that the Thai
young generation is an important factor to be the medium of transferring Tradition Thai
culture, knowledge and wisdom to the next generation. Therefore, the best way to protect
the precious Thai culture and tradition especially traditional Thai musical instruments is to
promote this knowledge and wisdom to Thai students as much as possible and to convince
Thai students to become aware of the precious Thai culture and traditions especially of
traditional Thai musical instruments.

Step 3: conducting a survey with non-science upper secondary school students

about their opinions toward science and traditional Thai musical instruments.
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The participants in this preliminary study were 250 upper secondary school non-

science students from Bangkok Metropolitan Area and vicinity (94 males and 156 females).

The researcher conducted the survey to the students and the results were divided into two

parts and revealed that;

Part 1: Students’ opinions about science

1.

Most of non-science students earned a low GPA In science, 37.6% of students

earned GPA in science subjects between 2.00-2.50 and 24.8% of them earned

GPA in science subjects lower than 2.00

There were only nine students who like science subjects the most from the eight

learning areas. More than 150 students arranged the science subjects in the fifth

to eighth order.

The reasons that students studied in non-science major because they realized

that languages is the most important subject. Science subjects are clearly too

difficult and complicated when compare with non-science subjects. This

evidently has influenced how non-science students think about science.

The results from the rating scale questionnaire composed of 21 statements

(Table 8, Page 94) found that some statements’ interpretations presented that

non-science students had a negative attitude towards science (ltems 1, 3, and

7). Some statements’ interpretations presented that non-science students had

uncertain decisions (ltems 2, 10, 11, 12, 15, 18 and 19). However, this does not

mean that non-science students do not like science because there are some

items showing that non-science students had positive attitudes toward science

(Items 4, 5, 6, 8, 9, 13, 14, 16, 17 and 20).

The researcher also conducted the interviews with a few students and the

interviewed data showed that students disliked science in four major reasons;

1) Science is too difficult and has too many concepts, especially, concepts of
Physics, Chemistry and Biology.

2) The calculation part is a crucial problem.

3) The figures, graphs, diagram etc. and concepts are not related to each other
and difficult to understand.

4) Science is far and they hardly find the connections between science and their

life.
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Part 2: Students’ opinions about traditional Thai music and musical instruments

1.

Most of the students (92%) had learning experiences in traditional Thai music
and musical instruments. They started learning Thai music subject in different
grade levels and mostly students learned Thai music subject from school.
Therefore, students have some basic knowledge about Thai music.

Students who still have occasionally opportunity listening to traditional Thai
music, unfortunately, the reasons why they have listened to traditional Thai
music mostly because of they were forced to listen from teachers in school and
somebody in their family and accidentally listened to traditional Thai music from
travel places, temples, restaurants, etc. There are a few students who listen to
traditional Thai music because they like it.

Students who have not listened to traditional Thai music say it is mostly
because they do not like it and they really are interested in other kinds of music.
Moreover, the students thought that traditional Thai music is not currently
popular enough for attracting their interests.

If the students walk pass Thai traditional ensemble ceremony on their free day,
148 students will attend the ceremony whereas 102 students will not attend the
ceremony. The reasons why the students will attend the ceremony were divided
into positive and negative reasons. They positively think that the ceremony is
interesting and they want to know of the musicians. They may decide to learn
about ftraditional Thai music instruments after ceremony inspired them.
Conversely, they will attend because of there could be other kinds of
performances and they truly do not know where to go. For students who decide
not to attend the ceremony in the first place is mostly because they do not like
traditional Thai music and instruments and has no interest in them.

Most of students used to play traditional Thai musical instrument since they
were young. Some can still play it presently. However, one third of the students
have never played any traditional Thai music instruments.

The top three of each kind of traditional Thai musical instruments that students
knew are shown in Table 12 and were used as the examples in the SoSTI

course.
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2. The findings from developing phase
Part 1: Developing course outline and creating the whole SoSTI course structure
The researcher created the course outline and the whole course structure based on
the needs of the course which were to develop the most suitable science elective course for
non-science upper secondary school students. The course applied various instructional
strategies by using the relationship between science content and students’ familiar objects
in their daily life, and the science of sound concept and traditional Thai musical instruments.
The objectives of the SoSTI course corresponding to the Basic Education Curriculum B.E.
2551 (2008) which are;
1) To promote students’ understanding of the science of sound in traditional
Thai musical instrument concept
2) To promote students’ scientific creativity and attitude toward science
3) To convince Thai students to become aware of precious Thai culture and
tradition emphasizing on traditional Thai musical instruments
4) To promote the using of the science of sound in traditional Thai musical
instruments course (SoSTI course) in order to use this course with non-
science upper secondary school students
The course content of the SoSTI course consists of;
1) Introduction of the science of sound
2) Introduction of traditional Thai musical instruments
- Stringed instruments: Saw-0-, Saw-d0a-ng and Jakhay-
- Wind instruments: Khlui, Pi-naw-k and Pi-chawa-
- Percussion instruments: Grap say-pha-, Rana-t ay-k, Ta pho-n, Khaw-
ng wong yai and Ching
3) The system of sound in traditional Thai musical instruments
4) The science of sound in traditional Thai stringed instruments
5) The science of sound in traditional Thai wind instruments
6) The science of sound in traditional Thai percussion instruments
7) Making traditional Thai musical instruments
The results from five experts’ verification indicated that the SoSTI course is
appropriate and has strong congruence in every item of the evaluation. The researcher
improved the first version of SoSTI course according to the comments and suggestions of

the experts.
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Part 2. Developing instructional materials which are the teacher’'s handbook, and
student’s handbook
The researcher created the teacher's handbook and student’'s handbook. The
teacher's handbook is divided into three parts, knowledge papers, lesson plans, and the
assessment tools. While, student’s handbook composed of knowledge papers, worksheets
and practices. Most of the items evaluations have a high congruence from five experts’
verification. There are some parts of the handbooks that the researcher had to modify and
carefully rewrite according to the experts’ comments and suggestions which are;
1) The pattern of table heading title, the language-used, the size of the letters and
figures etc. should be the same pattern for the whole course.
2) Some activities are too easy compared to the level of students. Therefore, the
researcher adjusted those activities to level of students.
3) The researcher improved the score evaluation criterion of the subjective tests to
make it clearer.
4) The researcher added more the examples of the calculation part and deleted
some complex formulas according to the experts’ comments and suggestions.
Part 3: Preparing research instruments
The research instruments are composed of;
1. Students’ scientific creativity test modified from authorized instrument
2. Students’ attitudes toward science questionnaire modified from authorized
instrument
3. The science of sound understanding test created by researcher
4. The questionnaire concerning students’ awareness in traditional Thai musical
instruments created by researcher
The five experts’ verifications indicated the research instruments used in SoSTI
course is appropriate and has a strong congruence in all items of evaluation. The
researcher improved the research instruments especially wording and language checking
according to the comments and suggestions of the experts.

The reliability of students’ attitudes toward science questionnaire from Cronbach

OL-coefficient equal 0.855 presented that the research instruments used in this study have

high level of reliability.
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The findings from the pilot study phase

The researcher conducted a pilot study of the SoSTI course for four unit lessons

with 55 non-science students in Matthayomsuksa 5 (grade 11) at Satthasamut School,

Samut Songkhram province in the first semester of 2010 academic year. The problems from

pilot study are divided into three categories as seen in the following;

1)

2)

3)

4,

Time consuming: the researcher revised the time used to the appropriateness of
the content and activities in each lesson plans.

Teaching and learning process: according to the number of students (55
students) in the pilot classroom, this made too many students in one group.
Some activities had to be reduced in some discussion parts and presentations.
Instructional materials and equipments: The researcher provided more materials
and equipment in the implementation phase and made the demonstrative

equipment stronger than the previous ones.

The finding from implementation phase

The researcher implemented the SoSTI course to the 35 non-science upper

secondary school students in Matthayomsuksa 6 (Grade 12) who were studying in the

second semester of the 2010 academic year from Rattanakosinsompoch Bangkhen School,

Bangkok. The SoSTI course is an elective course, 2 periods per week and was

implemented for a semester from November 2010 until February 2011. The results as can

be seen in the following;

1.

The results from the first hypothesis presented that after complete the SoSTI
course, the students’ scientific creativity increase. The t-test scores of students’
scientific creativity revealed that the mean scores are significantly different at the
.05 level. Consequently, the students’ scientific creativity is significantly
increased.

The results from the second hypothesis presented that students’ posttest score
in understanding in the science of sound content higher than the pretest one.
The t-value indicated that students’ understanding in the science of sound
content is significantly different at the .05 level. Therefore, the students’
understanding the science of sound content is significantly increased.

The results from the third hypothesis showed that students’ attitude toward

science after completing the SoSTI course is not unambiguously changed. The
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t-test scores of students’ attitude toward science indicated that the mean scores
are not significantly different at the .05 level. However, the t-test scores of
students’ attitude toward science are significantly different at the .05 level by
using item analysis. As a result, the students’ attitude toward science is change
after they learned from the SoSTI course.

4. The results from the last hypothesis revealed that the students have become
more aware of Thai culture and tradition especially traditional Thai musical
instruments after completing the course.

5. The students’ opinion toward the SoSTI course questionnaire reflected that after
the course implementation students have positive opinions to the course in
every aspect, content, learning process and teacher characteristic. They enjoyed

studying the course.

Discussion

The discussion of the study results can be seen in the following;

Students’ scientific creativity

According to pretest and posttest scores of students’ scientific creativity, the results
indicate that after studying from the SoSTI course the students’ scientific creativity is
significantly increased.

Students’ scientific creativity refers students’ ability in designing and discovering
new knowledge or invention. Creativity is broadly useful and can be used to generate new
scientific, artistic and social knowledge and innovations (Starko, 1995; Sternberg & Lubart,
1999). In addition, creativity itself is an ability that people already inequality has it since they
were born (Baillie & Walker, 1998: 36). Starko (1995) stated that creative thinking can be
taught in school in everyday subjects and disciplines (Starko, 1995). Particularly, in science
subjects, creativity is important and is necessary to teach. Loehle (1990: 242) proposed that
various and flexible instructional strategies can definitely promote creativity to the students.
In the same way, activities in science subjects can support students’ creativity more than
other subjects (Torrance, 1992 cited by Park & Seung, 2008: 45). Regarding the learning
activities in the SoSTI course, the researcher created lesson plans by using various types
of teaching approaches under the constructivist theory, for instance, group discussion, role
playing, games, and experiments and so on. Students also created their own musical

instruments based on the knowledge they gained from the course.
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Consequently, considering the pretest and posttest scores of students’ scientific
creativity including the activities used in the course that corresponded to other research, it
confirmed that the SoSTI course is a science course that can completely promote students’

scientific creativity.

Students’ understanding in the science of sound content

Regarding students’ understanding in the science of sound content, the pretest and
posttest scores presented that students’ understanding the science of sound content after
completing the SoSTI course is significantly increased.

In the SoSTI course, students’ understanding in science of sound refers to abilities
and behaviors of the students underpinning by Bloom’s revised taxonomy of cognitive
domain in understanding level and can measure by using the science of sound
understanding test created be the researcher. Students’ understanding is an important goal
that schools have to achieve (Ho Im Neo, et al; Perkins). Perkins stated that understanding
involved the relationship between the knowledge and real life situations. If people have
knowledge, it does not mean that they understand knowledge until they can relate it with
their lives (Stiles, 2006). In order to improve students’ understanding in science concept,
using various instructional strategies is the most significant way to promote students’
understanding in the especially science classroom. There are many researches revealed
the positive results of students’ understanding in science concept by using various teaching
approaches and treatments. Adojaan and Sarapuu used web-based models for studying
students’ understanding in science concept. The study of Eilks, Moellering, and Valanides
(2007) indicated that seventh grade students can explain their understanding correctly about
the concept of dissolution and combustion in terms of Physics and Chemistry by using
action research and discussion. Moreover, the inquiry-based approach including minds-on
and hands-on activities are very practical to improve students understand science concept
(Ho Im Neo, et al.; Milar, 2010; Pfaff J. & Weinberg, 2009). However, Barnett, et al. (2006)
used science fiction films in order to study students’ understanding in science concept and
the research showed that the science fiction films negatively affect to student’
understanding in science.

Many students especially non-science students have a hard time understanding
science concepts. The concept of sound is one of the most abstract topics in Physics and is

the basic concept to understand more complicated topics in science in the higher
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educational level (Menchen, 2005). Regarding this problem, the integrated teaching
approach can help students improve their understanding in the science of sound content.
Additionally, precision in research instrument is a necessity (Enger, K. & Yager, E., 2009).
Sinkin, Mark G. and Kuechler L. (2005) proposed that multiple choice test and written
response test can be used to assess students’ understanding, effectively. The science of
sound understanding test in the SoSTIl course has passed through the process of
qualification by the experts and has high validity and reliability. Moreover, the activities used
in the SoSTI course can help to promote and to improve students’ understanding in the

science of sound concepts properly.

Students’ attitude toward science

After completing the SoSTI course, students’ attitude toward science is not definitely
changed. However, the mean scores of students’ attitude toward science are significantly
different at the .05 level by using item analysis. Therefore, it is arguable that the students’
attitudes toward science have changed after they learned from the SoSTI course.

Attitude represents a part of human thinking, feeling, and doing in the positive and
negative ways (Butler, B.M., 1999; Grote, 2005). Attitude toward science plays a major role
in accomplishment in science (George, 2000; Junck, 2002; Osborne, 2003; Prokop, Tuncer
and Chuda, 2007; Foley & McPhee, 2008). In science education, attitude toward science is
one of the interesting issues should be study (Osborne, 2003). Foley & McPhee (2008)
revealed that hands-on activities and various kinds of learning experiences can positively
promote students’ attitude toward science. In the same way, students’ positive attitudes
toward science can be promoted by using problem-solving method in science instructional
process (Adesoji, 2008). Yasushi (2009) have studied Japanese ninth and tenth grades
students’ attitudes toward science and found that Japanese students have low attitude
toward science. To assess students’ attitudes toward science, Osborne (2003) summarized
the factors that influence students’ attitude towards science, gender, classroom or teacher
factors, instructional strategies, and students’ beliefs and perceptions about science.
However, some research studies revealed that gender has no effect on students’ attitudes
toward science (Prokop, Tuncer and Chuda, 2007; Glynn, Taasoobshirazi, & Brickman,
2007). The students’ attitude toward science questionnaire used in this research was
adapted from an authorized instrument and use for assessing attitude toward science

specifically for non-science upper secondary school students. Non-science students may or
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may not like science. The SoSTI course was created specifically for non-science upper
secondary school students. In the view of some researches, Papanastasiou & Zembylas
(2002) claims that low achievement in science came from students’ negative attitudes
toward science whereas positive attitudes can promote higher achievement in science.
However, in contrast with high achievement, students who have high achievement in
science in the first place, this does not infer that they have positive attitudes toward
science. Attitudes toward science have relationship with students’ achievements (Kan &
Akba$§, 2006; Malaysia & Tan Yao Sua, 2007). The results from students’ understanding in
the science of sound content indicated that even they gained higher scores in
understanding after taking the course but it did not exactly mean that they will have higher
positive attitude in science. Cook and Mulvihill (2008) state that, although, non-science
students learned many science courses, they still had difficulties in developing conceptual
understanding in science which correspond to this research study. However, by using
compared mean for analyzing each item of the questionnaire, there are some changes
presented that the students’ attitudes toward science have changed after they learned from
the SoSTI course. The non-science students realized that science and technology are
highly necessary in terms of increasing the quality living and having comforts. In addition,
the students also indicated that science and technology are important factors to develop
country (Ratanakul, 1994). Moreover, non-science students realized that learning through
real life situations or materials will help them understand science better corresponding to
the research study of Glynn, Taasoobshirazi, and Brickman (2007) which revealed that the

real world situation or familiar things will increase motivate students in learning science.

Students’ awareness of Thai culture and tradition specifically traditional Thai
musical instruments

In regard to students’ awareness of Thai culture and tradition specifically traditional
Thai musical instruments, the results showed that the students have become more aware of
Thai culture and tradition especially traditional Thai musical instruments after completing the
SoSTI course.

The definition of Thai students’ awareness in traditional Thai musical instruments
refers to the students’ opinions, feeling, beliefs, decision making including students concern
about maintaining of the most precious Thai culture, traditional Thai musical instruments.

From Thai Junior Encyclopedia (1997), since 1966, Western civilization focusing on music
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has enormously influenced Thai young generations. In the old days, the traditional Thai
music was involved with all of activities of Thai people’s life style. Generally, traditional
music of all countries has their own history and was continuously passed on from previous
generation to the next generation (Millar and Aniah, 2005). Presently, the modern music
has become a part of Thai youth culture. From the written responses, the results showed
that students before taking the SoSTI course they are quite not interest in traditional Thai
music and instruments as expected which correspond to some of the research studies. The
research study of Rawinporn wiyarand (2005) indicated that the senior year students do not
have much interest in Thai music and dancing. Moreover, Thai young generation
themselves let the Western culture to be part of their life and depreciate the value of the
Thai culture. Phojnicha Chansiri (2009) explored the students’ perception on traditional Thai
music. The results found that even students from the Faculty of Fine and Applied Art, they
placed importance on ftraditional Thai music at a low level. Prem Tinsulanonda (1998)
proposed two main problems of Thai culture affected to Thai juveniles which are 1) Thai
culture is weak and 2) Thai culture is replaced by foreign cultures. Consequently, because
music has a strong influence on young generations, when the culture is gradually weaken,
the new trends of music will instantly and easily permeate to them (Berg, 2004; North,
Hargreaves and O’Neill, 2000). This situation does happen to other countries as well, the
Philippines music has its own unique style similar to Thailand. However, nowadays, the
Philippines people obviously turned themselves to modern music (Barndeis, et al, 2007).
Millar and Aniah (2005) suggested the ways to promote young people’s awareness of
traditional music and musical instruments which are encouraging the youth to play and
learn the instruments, earnestly creating official groups for traditional music and
instruments, supporting young people to play the classical instruments in every occasion.
These ways suggested correspond to the ideas of the Thai non-science students after
completing the SoSTI course. The SoSTI course was created with one main purpose is to
convince students become more aware of Thai culture and tradition emphasizing on
traditional Thai musical instruments. Traditional Thai musical instruments have characteristic
of art and science blended properly and are excellent examples in all activities of the
course. Moreover, this course can promote both of understanding in science of sound

concept and also students’ awareness of traditional Thai music instruments satisfactory.
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Recommendations

According to the development of the science of sound in traditional Thai musical

instruments interdisciplinary course for non-science upper secondary school students by

using integrated teaching approach, there are some of recommendations for the further

study recommended from the researcher and the findings as seen in the following;

1.

The survey research about students’ attitudes toward science should be conducted
in other parts of Thailand, not only in Bangkok Metropolitan and vicinity areas, and
should include both of science and non-science students in all educational levels.
Because of Identifying student’s attitudes is important not only for student learning
but also important on the student’s satisfaction in learning. Furthermore, knowing
students’ attitude toward science is significant for designing science curriculum or
instructional programs that meet the students’ needs.

The interdisciplinary concept model, various teaching approach and instructional
equipments and materials can be adapted for the other fields of science subjects,
for instances, chemistry, biology or earth science. However, the curriculum
developers have to carefully create and consider to the most suitable and
appropriate curriculum corresponding to the need and the national core curriculum
as much as possible.

The SoSTI course can insert other traditional music instruments from other countries
including universal music instruments in order to evidently compare with traditional
Thai musical instruments. Moreover, this course can be applied for science
students. The teachers can merely add more details of mathematical problems and
more intensive complicated ideas of sound content to the course.

The teachers who will use the SoSTIl course have to check the readiness of
instructional equipments and materials before class especially the demonstrative
materials. In addition, the teachers need to prepare for the unexpected situations,
for examples, unpredicted questions from the students, additional instruments etc.
Moreover, the teachers who do not have deeply understanding in fundamental
knowledge about traditional Thai music and musical instrument, bringing Thai music
teacher to be a co-teacher in the course is an highly recommend.

The limitations of this study are the time managing, time consuming, and the
instructional materials. Time management, in the second semester of school in

Thailand, is problematic in that there are many school activities that students have
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to attend. The researcher, as a teacher, had to unavoidably cancel and postpone
the classes. This brings to discontinuously teaching and learning. For the time
consuming, in some activities, the students want more time to accomplish and
understand those activities. These lead to the problem of how to make the
classroom controllable. The limitation of the instructional materials, some are not
enough for the number of the students and some demonstrative materials are not
strong enough for every student to touch. Moreover, the researcher planned to
interview the students about the awareness toward traditional Thai music and
musical instruments but due to the time limitation, the researcher decided to create
the questionnaire based on the questions in structured interview for the students to

write their answer instead.
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Appendix A

The list of experts and participating teachers

These are seven experts who verified the SoSTI course, student's handbook,

teacher’s handbook and all research instruments used in this study and four teachers who

excellently helped in collaborating and providing the necessary materials during the time

that | was in schools.

1.

10.

11.

Acting Sub Lt. Dr.Manat Boonprakob

Behavioral Science Research Institute, Srinakharinwirot University
Assist. Prof. Dr.Surasak Chiangga

The Faculty of Science, Department of Physics, Kasetsart University
Dr.Kanchulee Punyain

Science Institute, the Office of Basic Education Commission
Dr.Sumalee Nakprada

Faculty of Social Sciences and Humanities, Mahidol University
Dr. Chade Sirisawat

Faculty of Education Burapha University

Dr.Theerapong Sangpradit

Science Education Center, Srinakharinwirot University
Dr.Khajornsak Buaraphan

Institute for Innovative Learning, Mahidol University

Kru Amporn Pruekpramool

Satthasamut School, Samut Songkhram province

Kru Chaiyapruek Pruekpramool

Satthasamut School, Samut Songkhram province

Kru Supap Akatimagool

Satthasamut School, Samut Songkhram province

Kru Jeerawan Sittheeamorn

Rattanakosinsompoch Bangkhen School, Bangkok
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12. Kru Surin Udomsawat

Mr. Surin Udomsawat or Kru Surin is my first traditional Thai music instructor since |
was eight years old. He can play every Thai musical instrument especially Ranat Ay-k. He
used to be the musician of Air Force Thai traditional ensemble. He is a very kind person
because he knows that learning to play traditional Thai musical instruments is a hard work
but full of happiness.

Presently, Kru Surin has leaved this world already because of cancer (in 2010) but
the things he has done for Traditional Thai music and musical instruments are the best as
much as he can. Regarding to his words, | used this information to be the basic idea of my
research in order to convince Thai students to aware of precious Thai culture and tradition

especially of in traditional Thai musical instruments.
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The science of sound in traditional Thai musical instruments course
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Appendix C

Authorized electronic letters and examples of research instruments

The researcher have asked for research instrument permissions for Scientific
Creativity Test, Scientific Attitude Inventory Il, and Physics textbook evaluation form in order
to used and adapted these instruments into this research study and the electronic emails
are shown as the following

1. The Scientific Creativity Test (Hu & Adey, 2002)

Re: Asking for vour permission to use the research instrument, Back to messages | &
Tao see messages related to this one, group messages by conversation,
= Phillip Aday 110203
To Chaninan Pruekpramocl, weipinghu Reply [y
i 2 attachments (total 170.6 KE) Hotrnail Active Wiew

SciCreats,, doc Iy Weiping's..docx
M Wiew anline @ Wiew online
Dowenload (295 KE) — | Download (137, KEB)

Download all as zip

Dear Chainan Pruekpramool,

Thank wou For your enguiry . You may use the scientific creativity test in your research as long as ywou Fully acknowledge its source and make clear any modifications you make to it. You may not use it
for any commercial purposes or For any large scale use bevond the needs of your own PhD research,

1 attach an English language version of our original scale, Professor Hu may be able to provide a revised version in Chinese, if that would be useful for you,
Good luck with your research,
Regards

Fhilip Adey

Fhilip Adey (Profeszarn

Dewveloping Intelligence

23 Prozpect Quay, London 52 1FPR

£ +AN0E0 2430 1006 m: (+49 07063 497555

ikl ac.ubkischool ducati hiprojects'cognitive

Diear Dr,Charinan Prukpram

Prof, Adey has sent the test to you. You should note the test is developed by Wiiping HU and Philip &dey, The reference shioud include the paper"a scientific
creativity test for secondary shool students” published on “International Journal of Scence Education.”

If possible, Could you send me your creativity data and your dissertation?

Tharik you

If there is any gquestions, please contanct me.

Weining Hu

Center for the Developrment of Teacher Professional Abiltiy
Mational Innovation Platform for Teacher Education
Shaari Mormal University

199 Chang'an South Road, Xi'an 710062

P.R.China



178

On 2 Mow 2009, at 09;17, Chaninan Pruekpramool wrote:

Dear Professar Hu, Weiping, and Professor Aday, Philip

Let me introduce myself first, my name is Chaninan Prukpramool. I'm a graduate student from Srinakharinwirot University {SwU), Thailand. My major is
Science education. I'm during doing my dissertation in the title "Physics of Sound in Thai Classical Music Instruments: An interdisciplinary course
dewvelopment for the upper secondary schoal students by using integrated teaching approach” In this course I have to develop and create book including
student handboaol:, teaching handboak and lesson plan. I also will measure students' attitude toward physics and the course including students' Scientific
Creativity,

I have read your paper 'Hu, Weiping & aday, Philip. {2002}, & scientific creativity test for secondary school students, International journal of science
education. 24{4}: 359-403, and I'm interested in one of your instrument which is 'Adolescent Scientific Creativity Test'. So, I would like to ask for your
permission to use this instrument. Please allow me to use yvour instrument and tell me how to download or access to the instrurment. After vou give me a
permission to use I will translate it in Thai language and adapt some word in order to make it correspond with the course content and Thai context,
Thank you in advance for your help and your kindness, If vou need more information you can contact to my professors in the following address;

Mason Phonphok, PhD

Head Physics Departrment, Faculty of Science, Srinakharinwirot University

Head of Science Education center, Srinakharinwirot University

114 Sukhumvit 23, Bangkok 10110 Thailand

Tel. 6BE2-664-1000 ext 8162

e-mail | nason@swu.ac.th

Orvil L White, PRD

SUMY Cortland, PO Bax 2000
Wan Hoesen, B219#4

Cortland, Nv 13045

(607} 753-2442

e-mail : orvil.white@cortland.edu

Or contact directly to me wia this email dinny love@hotmail .com

Best regard,
Chaninan

2. The Scientific Attitude Inventory 1l (SAI 1) (Richard & Foy, 1997)

Re: Asking for your permission to use the research instrument, Back o messages | b @
To see messages related ta this one, oroup messages by conversation,
= Richard Moore W, 11140209
Reply [y

To Chaninan Prugkpramool

l 2 attachments (total £3.0 KE) Hotrail Active Wiew

- SalIlPa..doc Sal ILdoc
[ Wiew anline [’U,-ﬁ 1 view arline
Dawnload (310 KE) || Downlaad (32,0 KE)
Download all as zip

Crear Dr, Fhonphok,

1 have attached a copy of the SAI 1T and a listing of the attitudes assessed by the SAI L The latter indicates the attitude assessed by each itemin the SAI1I1. It can be used ta develop a scoring
scheme. Permission to use the SAI 1T in vour current work is hereby granted, Best wishes with your work.,

Richard W, Moore

Ab04:11 AM 11/2]2009, you wrate:

Dear Professor Richard, Moore W,

Let me intraduce myself first, my name is Chaninan Prukpramool. I'm a graduate student Fram Srinakharinwirot University (SWU), Thailand, My major is Science education. I'm during
doing ry dissertation in the title “Physics of Sound in Thai Classical Music Instruments: An interdisciplinary course development For the upper secondary school students by using
integrated teaching approach™ In this course I have ko develop and create book including student handbook, teaching handboaok and lesson plan. I also wil measure students’ attitude
toward pheysics and the course,

I have read your paper ‘Richard, Maoore W, & Fay, Rachel, (1997), Fhe Soentfic Afttude fventory: A rewimion {545 7. From Journal of Research in Science Teaching. 34{4): 327-336.
and I'm interested in one of your instrument which is A Scientific Attitude Tnventory (SATTIY. So, Twould like to ask For wour permission ta use this instrument. Please allow me ba use
wour instrument and tell me how to download or access bo the instrument, &fter you give me a permission ko use I will translate it in Thai language and adapt some word in order to make
it carrespond with the course content and Thai context.

Thank you in advance for your help and wour kindness. IF you need more information you can conkact ko my professors in the Following address;

Mason Phonphok, PhD

Head Physics Department, Faculty of Science, Srinakharinwirot University

Head of Science Education center, Srinakharinwirol Universicy

114 Sukhumvit 23, Bangkok 10110 Thailand

Tel. 662-664-1000 ext 3162

e-mail : nason@swu.ac th

Crvil L. White, PhDr

SUNY Cortland, PO Box 2000

“an Hoesen, B2194#4

Cortland, MY 13045

(607) 753-2442

e-mail : orvil white@cortland, edu

v cantact directly to me via this email dinny love@hotrmail.com

Best regard,
Chaninan
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3. The Physics Textbook evaluation form (Ogan-Bekiroglu, 2007)

Re: Asking for your permission to use the instrument. Backtomessages | &
1 Feral Ogan-Bekirogiu 11/02/09
To Chaninan Pruekpramonl Reply 5

Dear Chaninan,

Tou have my pertrission to use the mstniment i my article titled "To what degree do the currently used physics texthooks meet the expectations?"
and published m J5TE.

Just to let you know that there i3 a print mistake in page 622, It should not write "instructional support” becanse the criteria in page 622 still belong to
"content” category.

Good lucl with your diszertation,

Feral Ogan-Belirogly, MSc, PhD

Aszsociate Professor, Physics Education

Martnara University

Department of Secondary Science and Mathematics Education
Office Phone: (+90)216-345-4705/203

Second E-mail fhebiroghu@marmars edu.tr

From: Chaninan Pruekpramoaol <dinny_love@hatmail com:=
To: feralogan@yahao.com

Sent: Mon, Movember 2, 2009 10:56:54 AM

Subject: Asking for your permission to use the instrument,

Dear Professor Feral Ogan-Belkirogha,

Let e introduce myself first, my name is Chaninan Prokpramool I'm a graduate student from Srinakharinwirol niversity (2W1T), Thailand . My major is Seience education. I'm
during doing my dissertation in the title “Physics of 3ound in Thai Classical Music Instroments: An interdisciplinary course development for the upper secondary school students
by using integrated teaching approach” In this course [ have to develop and create book including student handboolk, teaching handbook and lezson plan,

I have read your paper Ogan-Bekirogly, Feral (2007). To what degree do the currently wsed physics fextbooks meef the expectafions 7 In JTournal of science teacher
education Voll18 and U'm interested in one of your instnament which i “Textbook evahuation form adapted from Ogan-Belirogha (2007 620-6281. 3o, [ would like to ask for srour
pettmission to use this instrument. Please allow me to use your instrament and tell me how to download or access to the instroment. After you give me a permission to use [ will
tranglate it in Thai language and adapt some word it order to make it cottespond with the course content and Thai context.

Thank you in advanee for your help and your kindness. If you need more information you can contact to my professors in the following address;

Mazon Phonphok, PHD

Head Physics Departrment, Faculty of Science, Srinakharinwirot University
Head of Science Education center, Srinakharinwirot University

114 Sukhurvit 23, Bangkok 10110 Thailand

Tel. 662-664-1000 ext 5162
e-mail : nason@swu.ac.th

Orvil L. White, PhD

SUNY Cortland , PO Box 2000
Wan Hoesen, B219#4
Cortland, My 13045

(607) 753-2442

e-mail ; orvil.whited@cortland. edu

Or contact directly to me via this email dinny love@hotmail. com
Eest regard,
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Appendix E
The gathered data from the study

- The pretest and posttest scores of students’ understanding in science of
sound concept

- The pre and post scores of students’ scientific creativity

- Examples of students’ awareness of traditional Thai musical instruments pre

and post written responses



Appendix E

The gathered data from the study

- The pretest and posttest scores of students’ understanding in science of

sound concept

Pretest Posttest
Student

SCOTEs score
21 185 13
2 17 20
23 20 225
24 18.5 205
25 15 22
26 7.5 195
27 18 22
25 10.5 13
al 165 26.5
30 25 27
3 o5 by
32 7 26.5
33 i 22
2 18 25
35 10 245

Pretest Posttest
Student
SCOres scare
1 10 23
2 10 205
3 19 21
Z 10 18
5 2 (3
& i5 12
7 16.5 135
& 215 22
9 18.5 285
iC 18.5 205
5.5 24
12 15 25
13 15 24
4 S 26
15 195 225
16 245 215
7 155 215
1€ 185 7.5
G = iy =
20 16.5 25
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- The pre and post scores of students’ scientific creativity

Pretest Posttest Pretest Posttest
Student Student
SCOres sCore SCOMes sCore
1 20 41 M 48 43
b B GE 22 B4 a1
3 9 5& 23 5& 105
4 51 &1 L | B1 73
5 ] T8 25 T8 20
g ] [ 28 64 110
T 36 48 27 i) TG
2 63 47 28 49 EE
9 52 21 28 9z 73
10 48 66 30 46 7T
11 9 32 3 65 54
12 BE 43 32 28 a8
13 106 2e 33 &1 45
14 7O 9g 34 o a1
18 6o S 35 9 52
16 ap BT
17 ] 20
18 B0 7O
19 33 h&
20 &5 76

- Examples of students’ awareness of traditional Thai musical instruments pre

and post written responses
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Appendix F

The pictures of learning atmosphere and activities
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