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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 SoSTI 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 
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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, I 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: 
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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, 
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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 
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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 
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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 
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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 
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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 II) (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 
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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 (SAI II) 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 

 
 
 
 
 
 

 
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. 
 

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

1. Students’ scientific creativity  
2. Students’ understanding in science of sound  
3. Students’ attitude toward science  
4. Thai students’ awareness in the precious 

culture and tradition, emphasizing on 
traditional Thai musical instruments 

 



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 



12 

 

- 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 
phenomena/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 (f0) is decreased to half its 

value, f0/2, 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 Gràp sây-pha- and Ránâ-t 
ày-k, (b) Percussion instruments made of metal such as Ching and Kháw-ng wong yài, and 
(c) Percussion instruments made of stretched skin or leather such as Tà 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 Khlùi or flute-types and the Pì-, 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 Jàkhây- and bowed string instruments such as Saw-
dûa-ng and Saw-û- (Pisarn Indhawong, 2003). The classification of Thai classical music 
instruments can be seen in Table 1. 

 
 
 

 



19 

 

Table 1 The classification of traditional Thai musical instruments (source: The Department 
of Fine Arts, 2001)  

 
Categories Instruments Description 
 
 
 
 
 
 
 
 
 
 
 
Percussion 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Gràp sây-pha- 
 

It made of hard wood and consists of a pair of Gràp 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 45º angle. The 
singer or reciter must use two pairs of Gràp sây-pha- one 
pair in each hand. 

Ránâ-t ày-k 

 

Ránâ-t ày-k was developed from gràp. The improvements 
were made in the shape of the gràp, 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 
gràp which forms the keyboard are called ‚lû-k ránâ-t‛. 
Ránâ-t ày-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.   

Tà pho-n 
 

Tà 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 nâ-thây-ng, and 
25 cm. in diameter. The smaller head is called nâ-mát 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. 

Kháw-ng wong yài 

 

Kháw-ng wong yài 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) 

 
 

Chìng 

 

Chìng consists of a pair of cymbals, each of which is 
made of thick metal, shaped like a teacup. The two chìng 
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 chìng is to beep time 
and beat the rhythm. 

 
 
 

Wind 
 
 
 
 

Khlùi

 

Khlùi are played vertically like the Western oboe and 
clarinet. On the front side of khlùi 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 khlùi has 
fourteen holes. Originally, there was one size of khlùi, 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) Khlùi lì-p, this is the smallest size, 36 cm. in 
length and 2 cm. in width. 

2) Khlùi phia-an aw-, this is the middle size, 45-46 
cm. in length and 4 cm. in width. 

3) Khlùi u-, this is the largest one, 60 cm. in length 
and 4.5 cm. in width. 

The material out of which the khlùi is generally made is a 
type of bamboo, but occasionally there are made of 
hardwood and ivory, in the same sizes and regular 
models.        

Table 1 (continued) 
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Categories Instruments Description 

Wind 
(continued) 

Pì-nâw-k 

 

Pì 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 Pì- 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) Pì-nâw-k, the smallest size: 31 cm. in length 
and 3.5 cm. in diameter. 

2) Pì-gla-ng, the medium size: 37 cm. in length 
and 4 cm. in diameter 

3) Pì-nai, the largest size: 41-42 cm. in length and 
4.5 cm. in diameter.        

Pì-cháwa- 

 

Pì-cháwa- is made in two parts which can be detached 
from one another. The top part, called lao pì-, 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 pì-cháwa is made of 
hardwood or ivory or both. 

 
 
 
 

Stringed 
 
 
 
 
 

Saw-û- 

 
 

Saw-û- 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. 
 

Table 1 (continued) 



22 

 

Categories Instruments Description 
 
 
 
 
 
 
 

Stringed 
(continued) 

 

Saw-dûa-ng 

 

Saw-dûa-ng is another two-stringed instrument. It is made 
in similar way the Saw-û- 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-û-. The tuning pegs are 
the same size. For the resonance box of the Saw-dûa-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 
more penetrating than the Saw-û-.  

Jàkhây- 

 

Jàkhây- is made to be played sitting horizontally on the 
floor or ground. The body of instrument was made in 
shape of a crocodile. The w ord for crocodile in Thai is 
jaw-ràkhây, which was gradually shortened to Jàkhây. 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; 

 

Table 1 (continued) 
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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 activities 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. 

 
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.  

 

 
 
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. 



26 

 

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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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, García-Godos & Gjerdåker, 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 (Ivanitskaya, 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. 

 
 

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 (Ivanitskaya, Clark, Montgomery & 

Primeau, 2002: 105) 
 

Structure level 
Observed Learning Outcomes 

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 



38 

 

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. 

 
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.  

 
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 
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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 
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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.  

 
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 
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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. 

 
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.   

 

 
 

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.  

 

 
 

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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7) 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) 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.  

2) 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. 

3) 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.   

4) 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.  

5) 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 retrieval, 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.  Illumination is the third step of Wallas model of creative process. 
Illumination is the ‚Aha!‛ 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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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, Idea-
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. 

 
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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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).  

 
 

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.   

 
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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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.   

7. 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  
2. Verify the content validity and the quality of the questionnaire by three experts.  
3. Revise questionnaire following experts’ comments by the researcher.  
4. 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. 

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

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

7. 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.   

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

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; 

Chemistry 
(Matter and materials) 

Biology 
(Hearing process and some 

part of human body) 

Human culture 
(Thai context) 

Music 
(Traditional Thai music 

and musical instruments) 

Mathematics 
(Measurement, equations of 

sound wave) 

Physics 
(Sound concept) 

Science of sound 
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1) Introduction of the science of sound 
2) Introduction of  traditional Thai musical instruments 

 Stringed instruments: Saw-û-, Saw-dûa-ng and Jàkhây- 
 Wind instruments: Khlùi, Pì-nâw-k and Pì-cháwa- 
 Percussion instruments: Gràp sây-pha-, Ránâ-t ày-k, Tà pho-n, 

Kháw-ng wong yài and Chìng 
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  

5. 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.   

6. Organization of learning experiences: the researcher organized and put the 
selected instructional strategies into the lesson plans based on course content 
and structure. 

7. 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 IOC (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 (SAI II) 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 -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 II) (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, I 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.  
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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     

N

X
X


  

       X  = Means 
     X = total score 
        N = number of population 
 

2. Standard deviation and  variance 

)1(

)( 22

2






 
nn

xxn
ns  

                                                  s2 = variance 
                X = total score 

     2x = total of each score square 
n = number of sample  
 

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

validity 

N

R
IOC


  

 



87 

 

IOC = Index of Congruence 
      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 
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2. t-test for dependent sample (paired sample t-test) 
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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, I 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 

 

Statement items 
Three experts scores Congruence 

scores 
Results 

1 2 3 

Part 1: General information 0 1 1 0.67 Congruence 

Part 2: Students’ opinions about science 
1. I chose to study in non-science major because the science 

major is difficult. 
1 1 1 1.00 Strongly congruence  

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

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

4. Studying science helps me better learning about natural 
facts 

1 1 1 1.00 Strongly congruence 

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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Statement items 
Three experts scores Congruence 

scores 
Results 

1 2 3 

7. During studying science, I want to make the time pass 
faster. 

1 1 1 1.00 Strongly congruence  

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. I feel uncomfortable when I have to answer scientific 
questions in the class. 

1 1 1 1.00 Strongly congruence  

11. I think I 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 
always deals with solving problems. 

1 1 1 1.00 Strongly congruence  

16. I like watching TV programs about science. 1 1 1 1.00 Strongly congruence  

17. Science can truly connect with everyday life. 1 1 1 1.00 Strongly congruence  

18. I like reading science books. 1 1 1 1.00 Strongly congruence  

19. I 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 I learn science with something I know or familiar with, 
these will make me understand science better 

1 1 1 1.00 Strongly congruence  

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

      1-3 Student’s learning experience in  traditional Thai music and 
musical instruments 

1 1 1 1.00 Strongly congruence  

       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 
show you will…………………… 

1 1 1 1.00 Strongly congruence  

       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 
know for each type of them. 

1 1 1 1.00 Strongly congruence  

 
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 

Table 5 (continued) 
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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 
     Female 

 
94 (37.6) 

156 (62.4) 
Level of study 
     Mathayomsuksa 4 (Grade 10) 
     Mathayomsuksa 5 (Grade 11) 
     Mathayomsuksa 6 (Grade 12) 

 
122 (48.8) 
79 (31.6) 
49 (19.6) 

Major area of study 
     Non-science major focusing on mathematics 
     Non-science major focusing on languages 
     Non-science major focusing on the other areas 

 
157 (62.8) 
73 (29.2) 
20 (8.0) 

GPA in science subject 
     Lower than 2.00 
     2.00-2.50 
     2.51-3.00 
     3.51-3.50 
     Upper than 3.51 

 
62 (24.8) 
94 (37.6) 
55 (22.0) 
36 (14.4) 

3 (1.2) 
Prioritizing science subject 
     Science subject is number 1 
     Science subject is number 2 
     Science subject is number 3 
     Science subject is number 4 
     Science subject is number 5 
     Science subject is number 6 
     Science subject is number 7 
      Science subject is number 8 

 
9 (3.6) 

20 (8.0) 
19 (7.6) 

30 (12.0) 
28 (11.2) 

45 (18) 
68 (27.2) 
31(12.4) 

   



92 

 

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 (%) 
“I like learning languages more than science. I think language is the most important 
subject to learn and more understandable than science.” 

26.6 

“A non-science major is not so stressful and I do not study hard as much as a science 
major. This major also has many fun activities compare with a science major.” 

17.1 

“I want to learn foreign languages including culture and also can read, write, speak and 
listen properly in everyday life and for travelling.” 

11.2 

“A science major is difficult and hard to learn for me.”   11.2 
“I don’t like the mathematical or calculation parts.” 10.2 
“A non-science major is easier in finding a job and I already have a job I want to be in 
the future in my mind.” 

8.9 

“I don’t like science especially physics, chemistry and biology.”   4.9 
“I like the arts, drawing, designing etc.” 3.6 
“I could pass the test to enroll for a non-science major but in a science major, I 
couldn’t.”   

2.6 

“I have no idea why I decide to study in non-science major.”  2.3 
“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. 
 
 
 
 



94 

 

Table 8 Non-science students’ opinion about science 
 

 Statement items 
N 

Mean SD 

Data 
Interpretation Valid Missing 

1. I chose to study in non-science major because the science 
major is difficult. 

250 0 4.02 .973 agree 

2. I felt happy and fun when I was studying science. 250 0 3.02 .967 uncertain 

3. I 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, I 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 4.22 .843 agree 

10. I feel uncomfortable when I have to answer scientific questions 
in the class. 

250 0 3.48 1.015 uncertain 

11. I think I am good in studying science. 250 0 2.96 .823 uncertain 

12. Studying science helps me better studying in other subjects. 250 0 2.90 .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 
deals with solving problems. 

250 0 3.33 1.067 uncertain 

16. I 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. I like reading science books. 250 0 2.86 1.002 uncertain 

19. I would like to do science assignments. 250 0 2.50 .966 uncertain 

20. Science has important roles in developing my country. 250 0 3.88 .945 agree 

21. If I learn science with something I know or familiar with, these 
will make me understand science better 

250 0 4.04 .825 agree 

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

science (Items 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 (Items 4, 5, 6, 8, 9, 13, 14, 16, 
17 and 20). This means that non-science students partially like science.  
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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 
traditional Thai musical instruments? 

Yes, I have. 
No, I have not 

230 (92.0) 
20 (8.0) 

Question 2: When did you start to learn 
Thai music subject? 
 

Pratomsuksa 1-3 (Grade 1-3) 
Pratomsuksa 4-6 (Grade 4-6) 
Mathayomsuksa 1-3 (Grade 7-9) 
Mathayomsuksa 4-6 (Grade 10-12) 

85 (34.0) 
94 (37.6) 
48 (19.2) 

3 (1.2) 
Question 3: where is the place that brings 
you to know traditional Thai music and 
instruments? 
 

Thai music room at school 
Textbooks 
Internet 
Thai music institute 
Others (Festive events, TV, movie etc.) 

228 (47.4) 
108 (22.5) 
103 (21.4) 

26 (5.4) 
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 (2.4) 
Somebody in my family turns on or plays the traditional Thai music. 32 (19.2) 
I used to study traditional Thai music subject in school. So, my teacher turns on the 
songs in the class. 

52 (31.1) 

School has the activities about traditional Thai music. 13 (7.8) 
Traditional Thai music is pleasing music and enjoyable. 19 (11.4) 
I have heard from the radio, TV, travel place, temples, restaurants, ceremony and 
festival. 

28 (16.8) 

I 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) 
I 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 (%) 
I don’t like it. 38 (32.8) 
I 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) 
I 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) 
I don’t really care about traditional Thai music. 1 (0.9) 
I feel sleepy every time I listen to it. 6 (5.2) 
It’s kind of boring. 6 (5.2) 
I have no idea what songs I should listen. 1 (0.9) 
It’s ridiculous. 2 (1.7) 
I 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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Table 12 The reasons why students WILL attend to the ceremony 

 

The reasons why students WILL attend to the ceremony Number (%) 
I admire traditional Thai music and instruments.  14 (8.6) 
It is interesting. I want to know how well of the traditional Thai musicians and how much 
they love Thai music. 

43 (26.4) 

There is nothing wrong to attend the ceremony. 4 (2.5) 
It is interesting. Somehow, I want to learn it.  22 (13.5) 
It is rare to listen to Thai classical songs and attend the ceremony. 10 (6.1) 
I would like to see the real original traditional Thai music and instruments. 14 (8.6) 
I maybe stop by for a while and then go somewhere. 5 (3.1) 
I would like to memorize the performance. I might use it one day for my own 
performance. 

1 (0.6) 

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 I have not known it before. 4 (2.5) 
I like clouded place. 1 (0.6) 
I do not know where to go. 10 (6.1) 
It probably makes me interest in traditional Thai music and instruments.  4 (2.5) 
I 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 (%) 
I do not like traditional Thai music and instruments. 33 (29.7) 
No interest in this field. 30 (27.0) 
I already attend once last time. 1 (0.9) 
It is bored. 13 (11.7) 
It is so sleepy. 4 (3.6) 
I like universal music and instruments. 7 (6.3) 
I better go somewhere else. 6 (5.4) 
I’m a lazy person. 2 (1.8) 
I 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) 
I 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-dûa-ng 
     2. Saw-û- 
     3. Jàkhây- 

 
26.7 
23.5 
20.1 

Wind instruments 
     1. Khlùi 
     2. Pì-nâw-k 
     3. Khae-n 

 
48.0 
40.0 
10.0 

Percussion Instrument      
     1. Gràp sây-pha- 
     2. Ránâ-t ày-k  
     3. Chìng 

 
20.7 
19.4 
17.4 

 
 From Table 14, the top three stringed instruments that students knew were Saw-
dûa-ng (26.7%), Saw-û- (23.5%), and Jàkhây- (20.1%). The top three wind instruments 
were Khlùi (48%), Pì-nâw-k (40%), and Khae-n (10.0%). The top three percussion 
instruments that students knew were Gràp sây-pha- (20.7%), Ránâ-t ày-k (19.4%), and 
Chìng (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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1. Diagnosis of needs: The researcher analyzed and summarized all data from 
phase 1 to diagnose the needs of the course and found that; 
1) 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)  

2) 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. 

3) 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.  

4) 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.       

2. 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 
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-û-, Saw-dûa-ng and Jàkhây- 
- Wind instruments: Khlùi, Pì-nâw-k and Pì-cháwa- 
- Percussion instruments: Gràp sây-pha-, Ránâ-t ày-k, Tà pho-n, Kháw-ng 

wong yài and Chìng 
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. 

5. 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 IOC (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 
 

Lists of evaluation 
Five experts scores Congruen

ce scores 
Results 

1 2 3 4 5 

1. The significance and principle of the 
course  

1 1 1 0 1 0.80 
Strongly 

congruence 
2. The significance and goals of the course  

1 1 1 0 1 0.80 
Strongly 

congruence 
3. The principle and goals of the course  

1 1 1 0 1 0.80 
Strongly 

congruence 
4. The goals and the objectives of the 

course  
1 1 1 1 1 1.00 

Strongly 
congruence 

5. Unit explanation and content  1 1 0 0 1 0.60 congruence 
6. Lesson plans and expected learning 

outcome  
1 1 1 1 1 1.00 

Strongly 
congruence 

7. Learning approach and learning 
objectives  

1 1 0 1 1 0.80 
Strongly 

congruence 
8. Learning assessment and learning 

objectives  
1 1 1 1 1 1.00 

Strongly 
congruence 

9. Learning assessment and learning 
process  

1 1 0 1 1 0.80 
Strongly 

congruence 
10. Educational aids and resources and 

learning process  
1 1 1 1 1 1.00 

Strongly 
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.    
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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 
traditional Thai musical instruments.  

1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 

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 
understanding. 

0.40 M 0.60 C 0.40 M 0.80 SC 0.80 SC 0.80 SC 0.80 SC 

5. Formula and mathematics section has 
clear explanation and is understandable.  

0.80 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 

6. The vocabulary is suitable for level of 
students. 

1.00 SC 1.00 SC 1.00 SC 1.00 SC 0.80 SC 1.00 SC 1.00 SC 

7. Content difficulty is suitable for non-
science upper secondary school students. 

0.40 M 0.80 SC 0.60 C 0.80 SC 0.80 SC 0.80 SC 0.80 SC 

8. The number of content is suitable, no 
more or less 

0.80 SC 0.80 SC 0.80 SC 0.80 SC 0.80 SC 0.80 SC 0.80 SC 

**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.     
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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 
and goals of the course.  

0.60 C 0.60 C 0.60 C 0.60 C 0.60 C 0.60 C 0.60 C 0.60 C 

2. Learning process corresponds to and is suitable for 
learning objectives. 

1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 

3. Instructional materials are suitable for learning 
objectives. 

1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 

4. Worksheets correspond to learning process and 
content.  

0.80 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 

5. Assessment and evaluation are suitable for learning 
process,  

1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 1.00 SC 

6. Time arranging corresponds to content and level of 
students. 

0.80 SC 0.80 SC 0.80 SC 0.80 SC 0.80 SC 0.80 SC 0.80 SC 0.80 SC 

**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.    

 
106 



107 

 

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

Lists of Evaluation 
Congruence scores from five experts 

Teacher’s 
handbook  

Student’s 
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 

needed pages. 
1.00 SC 1.00 SC 

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 
instruments. 

0.80 SC 0.80 SC 

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 
2. Students’ attitudes toward science questionnaire  
3. The science of sound understanding test 
4. The questionnaire concerning students’ awareness in traditional Thai 

musical instruments 
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 
 

Lists of evaluation Five experts scores 
Congruence 

scores 
Results 

1. Students’ attitudes toward science 
questionnaire  

1 1 1 1 1 1.00 SC 

2. Students’ scientific creativity test 1 1 1 1 1 1.00 SC 

3. The science of sound 
understanding test 

1 1 1 1 1 1.00 SC 

4. The questionnaire concerning 
students’ awareness in traditional 
Thai musical instruments 

1 1 1 1 1 1.00 SC 

**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 -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 
 

Learning lessons 
Lesson 
Plans 

Number of period used 
1st 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 

instruments 
4 2 2 

(4) The science of sound in traditional Thai stringed 
instruments 

5 3 6 

(5) The science of sound in traditional Thai wind 
instruments 

6 3 6 

(6) The science of sound in traditional Thai percussion 
instruments 

7 3 6 

(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 Item 2 Pre and Post-test (Planet) 35 .437 .009 
3 Item 3 Pre and Post-test (Bicycle) 35 .288 .094 
4 Item 4 Pre and Post-test (Gravity) 35 -.007 .970 
5 Item 5 Pre and Post-test (Square) 35 .507 .002 
6 Item 6 Pre and Post-test (Tissue paper) 35 .298 .082 
7 Item 7 Pre and Post-test (Mango picking machine) 35 .263 .127 

 
 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 
 

Pairs Paired items analysis 

Paired Differences 

t df 
Sig. (2-
tailed) Mean 

Std. 
Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

1 Item 1 Pre and Post-test 
(Glass) 

-2.8857 4.6067 .7787 -4.4682 -1.3033 -3.706 34 .001 

2 Item 2 Pre and Post-test 
(Planet) 

-.7143 6.4743 1.0943 -2.9383 1.5097 -.653 34 .518 

3 Item 3 Pre and Post-test 
(Bicycle) 

-5.2286 6.6998 1.1325 -7.5300 -2.9271 -4.617 34 .000 

4 Item 4 Pre and Post-test 
(Gravity) 

-2.5429 5.9228 1.0011 -4.5774 -.5083 -2.540 34 .016 

5 Item 5 Pre and Post-test 
(Square) 

-.4571 5.3925 .9115 -2.3095 1.3952 -.502 34 .619 

6 Item 6 Pre and Post-test 
(Tissue paper) 

-2.1429 3.7896 .6406 -3.4446 -.8411 -3.345 34 .002 

7 Item 7 Pre and Post-test 
(Mango picking machine) 

-6.8857 7.3596 1.2440 -9.4138 -4.3576 -5.535 34 .000 

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

creativity 

 

Paired analysis 

Paired Differences 

t df 
Sig.  

(2-tailed) Mean 
Std. 

Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

Sum Pre-Creativity scores and 
Sum Post-creativity scores 

-20.857 25.197 4.259 -29.513 -12.202 -4.897 34 .000 
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From Table 24, the t-value is at =.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.    

 

 

 
Figure 21 The students’ scientific creativity pretest and posttest scores 

 
 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 analysis 

Paired Differences 

t df 
Sig.  

(2-tailed) Mean 
Std. 

Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

Sum Pretest and Posttest 
understanding score -4.7143 4.7392 .8011 -6.3423 -3.0863 -5.885 34 .000 
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    From Table 25, the t-value is at =.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. 
 

 
 

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 analysis 

Paired Differences 

t df 

Sig. 

(2-

tailed) Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Sum Pretest and Posttest students’ 

scientific attitude toward science 
-.09514 .39559 .06687 -.23103 .04075 -1.423 34 .164 

  
The t-value at =.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. 



116 

 

 
 

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 
 

Item statements N 
PRE-TEST POST-TEST 

Mean Median Std. 
Deviation 

Mean Median Std. 
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 
found out through science. 

35 3.57 4.00 .655 4.11 4.00 .631 

3. It is useless to listen to a new idea 
unless everybody agrees with it. 

35 2.80 3.00 1.079 3.03 3.00 1.124 

4. Scientists are always interested in 
better explanations of things. 

35 3.94 4.00 .684 4.06 4.00 .725 

5. If one scientist says an idea is true, 
all other scientists will believe it. 

35 3.03 3.00 .954 2.91 3.00 1.011 

6. Only highly trained scientists can 
understand science. 

35 2.91 3.00 1.121 3.06 3.00 1.110 
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Item statements N 
PRE-TEST POST-TEST 

Mean Median Std. 
Deviation 

Mean Median Std. 
Deviation 

7. We can always get answers to our 
questions by asking a scientist. 

35 3.20 3.00 .797 3.60 4.00 .847 

8. Most people are not able to 
understand science. 

35 3.06 3.00 1.083 3.11 3.00 1.051 

9. Electronics are examples of the 
really valuable products of science. 

35 4.37 5.00 .731 4.46 5.00 .741 

10. Scientists cannot always find the 
answers to their questions. 

35 4.09 4.00 .742 4.03 4.00 .923 

11. When scientists have a good 
explanation, they do not try to make it 
better. 

35 2.74 3.00 1.010 2.80 3.00 1.256 

12. Most people can understand 
science. 

35 3.51 3.00 .951 3.89 4.00 .796 

13. The search for scientific 
knowledge would be boring. 

35 2.54 2.00 1.067 2.46 3.00 1.120 

14. Scientific work would be too hard 
for me. 

35 3.14 3.00 1.141 3.03 3.00 1.043 

15. Scientists discover laws which tell 
us exactly what is going on in nature. 

35 3.97 4.00 .618 4.03 4.00 .664 

16. Scientific ideas can be changed.  35 4.26 4.00 .657 4.06 4.00 .639 
17. Scientific questions are answered 
by observing things. 

35 4.06 4.00 .684 3.97 4.00 .923 

18. Good scientists are willing to 
change their ideas. 

35 3.71 4.00 .750 3.97 4.00 .822 

19. Some questions cannot be 
answered by science. 

35 3.91 4.00 1.011 3.89 4.00 .963 

20. A scientist must have a good 
imagination to create new ideas. 

35 4.06 4.00 .968 3.94 4.00 1.027 

21. Ideas are the important result of 
science. 

35 4.03 4.00 .785 4.03 4.00 .785 

22. I 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 
because it affects their lives. 

35 4.03 4.00 .664 4.00 4.00 .642 

24. A major purpose of science is to 
produce new drugs and save lives. 

35 3.57 4.00 1.065 3.46 3.00 1.172 
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Item statements N 
PRE-TEST POST-TEST 

Mean Median Std. 
Deviation 

Mean Median Std. 
Deviation 

25. Scientists must report exactly what 
they observe. 

35 4.17 4.00 .747 4.34 5.00 .802 

26. If a scientist cannot answer a 
question, another scientist can. 

35 3.37 4.00 1.165 3.77 4.00 .843 

27. I would like to work with other 
scientists to solve scientific problems. 

35 3.11 3.00 1.078 3.43 3.00 1.170 

28. Science tries to explain how things 
happen. 

35 4.26 4.00 .741 4.31 4.00 .676 

29. Every citizen should understand 
science. 

35 3.91 4.00 1.040 3.94 4.00 .873 

30. I may not make great discoveries, 
but working in science would be fun. 

35 3.57 4.00 1.008 3.83 4.00 .985 

31. A major purpose of science is to 
help people live better. 

35 3.86 4.00 .879 4.00 4.00 .767 

32. Scientists should not criticize each 
other’s work. 

35 3.60 4.00 1.063 3.57 3.00 1.065 

33. The senses are one of the most 
important tools a scientist has. 

35 3.97 4.00 .923 4.06 4.00 .873 

34. Scientists believe that nothing is 
known to be true for sure. 

35 3.51 4.00 1.011 3.51 3.00 .919 

35. Scientific laws have been proven 
beyond all possible doubt. 

35 4.09 4.00 .702 4.03 4.00 .707 

36. I would like to be a scientist. 35 2.37 3.00 1.003 2.89 3.00 .993 
37. Scientists do not have enough 
time for their families or for fun. 

35 3.00 3.00 .874 3.09 3.00 1.067 

38. Scientific work is useful only to 
scientists. 

35 2.29 2.00 1.226 2.17 2.00 .985 

39. Scientists have to study too much. 35 3.71 4.00 1.017 3.74 4.00 .886 
40. Working in a science laboratory 
would be fun. 

35 3.89 4.00 1.207 4.29 5.00 .926 

 

From Table 27, the result from item analysis of the students’ scientific attitude test 
presented that students has increased in some items (Items 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.   

 

 

  
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 
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Sig. 

(2-tailed) Mean 
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Deviation 
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 The t-value at =.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 
to the word “traditional 
Thai music” 

Traditional Thai musical instruments  18(64.3) 
Traditional Thai performing and dancing art  3(10.7) 
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 
about how important of 
traditional Thai music 
and musical instruments 
and students’ interests 
in traditional Thai music 
and musical instruments 

It is important in order to produce good melodious, rhythms, 
and sound.  

3(10.3) 

It represents the identity, culture, and fascination of Thailand.   20(69.0) 
It is one of traditional Thai performing arts.  2(6.9) 
Activities of Thai people in the past.  1(3.5) 
It is the pride of Thailand. 1(3.5) 
It 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 
think you have 
attentiveness and 
interest in traditional 
Thai music and musical 
instruments? (high, 
medium, or low)  

High level because 
- Traditional Thai music and musical instruments have 

beautiful sound.  
- I want to learn traditional Thai musical instruments. 

3(10.7) 
1 
2 

Medium level because 
- I used to play traditional Thai musical instruments but rarely 

have chance to practice it.  
- This is knowledge that can use in everyday life 
- There are some instruments that we should try to play. 
- They have good melodious but I cannot listen to it for long. 
- I do not play any of them. 
- There are many instruments that I do not know. 
- I have listened to it every day. 
- I rarely have chance listening to it. 
- I do not like listening to traditional Thai music and do not 

like some of instruments. 
- I want to learn traditional Thai musical instruments but have 

rarely chance to learn it seriously. 

18(64.3) 
4 
 

1 
2 
 

1 
 

2 
1 
1 
1 
3 
3 

Low level because 
- Traditional Thai songs make me feel sleepy. 
- Traditional Thai musical instruments are difficult to play. 
- I do not like listening to it and I like other kinds of music. 
- I do not play any of them. 
- I rarely have chance learning or playing it. 

7(25.0) 
1 
2 
3 
3 
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 researcher conducted the post-
questionnaire to the students and the results can be seen in Table 30.  
 
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 
from the SoSTI 
course, what do you 
think about 
traditional Thai 
music and musical 
instruments?  

Traditional Thai musical instruments should be preserved as an 
identity of Thailand. 

3(7.1) 

Traditional Thai musical instruments can be connected with 
science. 

14(33.3) 

Learning science is fun with experiments and activities especially 
creating my own musical instrument.   

13(31.0) 

Learning science is not difficult with traditional Thai musical 
instruments.  

6(14.3) 

I know more from traditional Thai musical instruments and 
science. 

5(11.9) 

Traditional Thai music helps me to have more concentration and 
relax.  

1(2.4) 

Total 42(100.0) 
2. How important of 
traditional Thai 
music and musical 
instruments? 

Traditional Thai musical instruments are very important. 2(3.9) 
Traditional Thai music and musical instruments have represented 
the identity of Thailand and Thai people for a very long time. 

19(37.2) 

Traditional Thai music is relaxed and entertaining.  3(5.9) 
Traditional Thai music and musical instruments are worth 
preserving.  

13(25.5) 

Traditional Thai music and musical instruments is relevant to the 
daily lives of Thai people (ceremonies, festive activities etc.)  
 

6(11.8) 
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Questions Students’ opinions Number (%) 
Traditional Thai music and musical instruments should be 
disseminated to the other countries. 

2(3.9) 

Traditional Thai music and musical instruments can be applied to 
other subjects. 

6(11.6) 

Total 51(100.0) 
3. Students’ feelings 
when someone 
declares that 
traditional Thai 
music and musical 
instruments are not 
having the inheritors.  

I regret that Thai children are turning their attention into universal 
music or the music from other countries (Japan, Korea, etc.).  

13(46.4) 

Traditional Thai music and musical instruments are worth 
preserving. 

3(10.7) 

It is not true. Presently, people is turning back to play traditional 
Thai musical instruments more.  

3(10.7) 

I feel really worry. 6(21.4) 
I 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 
solve this problem. 

We should encourage Thai young generation to learn the 
traditional Thai musical instruments especially children who want 
to learn Thai music. 

12(23.5) 

We should have traditional Thai music contest and competition 
integrate with universal music for this group of people. 

4(7.8) 

We should organize the campaigns involving traditional Thai 
music and musical instruments to persuade people to play Thai 
music.  

7(13.7) 

We should instill admiring traditional Thai music to the children.  13(25.5) 
We should add new techniques to make traditional Thai music 
and musical instruments to be more attractive.     

4(7.8) 

We should form the group of traditional Thai musical instruments 
makers in order to continuously transfer this knowledge and 
wisdom.  

1(2.0) 

We should have more time for studying traditional Thai music and 
musical instruments in school. 

5(9.8) 

We should promote and communicate the knowledge about 
traditional Thai music and musical instruments via mass media 
communication. 

3(5.8) 

Thai government and other agencies should realize and promote 
how important of traditional Thai music and musical instruments.  

2(3.9) 

Total  51(100.0) 

Table 30 (continued) 



124 

 

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 
word “traditional Thai music” 

Question 1: After studying from the SoSTI 
course, what do you think about traditional 
Thai music and musical instruments? 

1 “I think about traditional Thai musical 
instruments”    

“I think that we can use various materials and 
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 Ránâ-t ày-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 I 
thought.” 

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

8 “Ránâ-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 

how important of traditional Thai music 
and musical instruments and students’ 
interests in traditional Thai music and 
musical instruments 

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

1 “It represents Thai nation and is the pride 
of Thai. When the travelers or guests 
from abroad come to Thailand, this is a 
good culture to show them.” 

“It is greatly important to Thai tradition and 
Thailand because it represents the identity of 
Thailand and stay with Thai people for very 
long times.” 

2 “It is just for the show in order to apply 
for the university as a specific 
competency.” 
 

“It is important especially when you know the 
history of your own root. Moreover, this is time 
to disseminate Thai culture to the world.” 

3 “This presents the spirit of Thai in our 
country.” 
 
 

“Traditional Thai music is a uniqueness of Thai 
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 
be preserve to the next generation.” 

“These things are truly Thai. We should 
conserve it for Thai future.” 

6 “It is important for just only people who 
like traditional Thai music.” 
 
 

“Now, I think that we can learn a lot from 
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 I thought.” 

7 “It promotes our country to have our own 
musical culture and have outstanding 
identity.”   
 
 

“Traditional Thai music eases up my mind and 
affect on concentrating to my study. It is very 
important to our country because it is an 
identity of Thai.”   

8 “It is an identity of Thai country that 
descent from our ancestor.” 
 

“Traditional Thai music and musical 
instruments are things that we should preserve 
and conserve to the next generation.” 

9 “It represents Thai people and identity of 
Thailand.” 
 
 

“Each of traditional Thai musical Instruments 
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 
culture.” 
 
 

“After studying this course, I realize that 
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 
interest in traditional Thai music and 
musical instruments 

Question 3: Students’ feelings when someone 
declares that traditional Thai music and 
musical instruments are not having the 
inheritors and the ideas to solve this problem. 

1 “I did not frequently listen to Thai 
classical music. However, sometimes, I 
like it.” 

“I 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.”   

2 “I do not like some traditional Thai 
musical instruments.”  

“If it happens, I 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.” 

3 “I’m not interest in it because it is hard to 
find any of them in my real life. 

“I 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.”  

4 “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.” 

5 “If I have to listen to this kind of songs I 
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.”  

6 “I do not like listening to traditional Thai 
music but if you want me to learn, I will 
learn.” 

“I 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. ”  
 

7 “I used to listen to this kind of songs and 
it made me sleepy. Moreover, it’s hard to 
play the instruments for every 
instrument.” 

“I 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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Students Students’ opinion in traditional Thai musical instruments 
BEFORE studying the SoSTI course AFTER studying the SoSTI course 

8 “I don’t like it. I don’t want to listen to it. 
And I don’t want to play any of them. ” 

“I feel that traditional Thai music and musical 
instruments are obsolescent day by day. If I 
have a kid I 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 
and musical instruments much because I 
don’t have any chance to play or learn.” 

“I feel really ashamed because traditional Thai 
is regarded as an identity of Thai people. I 
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 
have never played the traditional Thai 
musical instruments before.” 

“From the bottom of my heart, I feel really 
worry because traditional Thai music and 
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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Table 32 Grade Point Average (GPA) of the participants 
 

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 
 

Item statements N Mean 
Std. 

Deviation 
Data 

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 
important of science 

35 3.77 .910 Agree 

4. Content can promote students' awareness in 
traditional Thai music and musical instruments  

35 4.29 .750 Agree 

5. The difficulty level of the content 35 3.23 .598 Neutral 
6. The overall satisfaction to the content of the 
course 

35 4.06 .802 Satisfy 

Learning Process 
1. Learning process is suitable for the level of 
students 

 
35 3.86 .810 

 
Agree 

2. The activity can activate the learning of students 35 3.80 .833 Agree 
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Item statements N Mean 
Std. 

Deviation 
Data 

interpretation 
3. The learning process can connect the theory into 
practicing and actions  

35 3.66 .639 Agree 

4. The instructional materials and equipments are 
appropriate 

35 3.91 .818 Agree 

5. The classroom atmosphere is suitable for 
learning process 

35 3.66 .838 Agree 

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 
suitable 

35 4.34 .639 Agree 

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 
students 

35 4.23 .808 Agree 

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.  
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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 

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 of sound before and after taking 

the course 
5. 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. After complete the SoSTI course, the students’ scientific creativity increase. 
2. The students’ post-test score in understanding in the science of sound higher 

than the pre-test one.  
3. The students’ attitude toward the science at the end of the course is positive. 
4. 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 IOC 
(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 II) (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 (IOC) 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 -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 

2. 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. 

3. 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.   

4. 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 (Items 1, 3, and 
7). Some statements’ interpretations presented that non-science students had 
uncertain decisions (Items 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).   

5. 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.    

2. 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.    

3. 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.     

4. 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 traditional 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.    

5. 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.   

6. 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-û-, Saw-dûa-ng and Jàkhây- 
- Wind instruments: Khlùi, Pì-nâw-k and Pì-cháwa- 
- Percussion instruments: Gràp sây-pha-, Ránâ-t ày-k, Tà pho-n, Kháw-

ng wong yài and Chìng 
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 
-coefficient equal 0.855 presented that the research instruments used in this study have 
high level of reliability.  
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3. 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) Time consuming: the researcher revised the time used to the appropriateness of 
the content and activities in each lesson plans.   

2) 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.  

3) 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.       

 
4. 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.  

2. 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.  

3. 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 SoSTI 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 Chudá, 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 Chudá, 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 & 
Akbaş, 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 



144 

 

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 traditional 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.  

2. 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.  

3. 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.  

4. The teachers who will use the SoSTI 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.   

5. 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 I was in schools.    

1. Acting Sub Lt. Dr.Manat Boonprakob 
 Behavioral Science Research Institute, Srinakharinwirot University 
2. Assist. Prof. Dr.Surasak Chiangga 
 The Faculty of Science, Department of Physics, Kasetsart University   
3. Dr.Kanchulee Punyain 

 Science Institute, the Office of Basic Education Commission 
4. Dr.Sumalee Nakprada 

Faculty of Social Sciences and Humanities, Mahidol University 
5. Dr. Chade Sirisawat 
 Faculty of Education Burapha University 
6. Dr.Theerapong Sangpradit 
 Science Education Center, Srinakharinwirot University 
7. Dr.Khajornsak Buaraphan 

Institute for Innovative Learning, Mahidol University  
8. Kru Amporn Pruekpramool  

 Satthasamut School, Samut Songkhram province 
9. Kru Chaiyapruek Pruekpramool 

 Satthasamut School, Samut Songkhram province 
10. Kru Supap Akatimagool 

 Satthasamut School, Samut Songkhram province 
11. 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 I 
was eight years old. He can play every Thai musical instrument especially Rànât Ày-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, I 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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หลกัสตูรวิทยาศาสตรเ์ร่ืองเสียงในเคร่ืองดนตรีไทย  
(The Science of Sound in traditional Thai musical instruments course) 

 
หลกัการของหลกัสตูร 
 หลกัการของการพฒันาหลกัสูตรวทิยาศาสตร์เรื่องเสยีงในเครื่องดนตรไีทยนี้ ได้จาก
การศกึษาการปฏริูปการศกึษาของไทย โดยเฉพาะการปฏริูปหลกัสูตรวทิยาศาสตรข์องไทยตัง้แต่
อดตีจนถงึปจัจุบนั วทิยาศาสตร์เป็นสิง่ที่สะท้อนความก้าวหน้าของทุกประเทศ ประเทศที่ประสบ
ความส าเร็จด้านวทิยาศาสตร์จะน าไปสู่ความเป็นผู้น าในด้านอื่น ๆ ด้วย วิทยาศาสตร์มบีทบาท
ส าคญัต่อความคดิและการพฒันาศกัยภาพของมนุษย ์วทิยาศาสตรไ์ม่ไดเ้ป็นเพยีงแค่วชิาหนึ่งในชัน้
เรยีน แต่วทิยาศาสตรเ์ป็นรากฐานของชวีติ ความรูว้ทิยาศาสตรแ์ละกระบวนวธิทีางวทิยาศาสตรม์ี
ผลต่อการตดัสนิใจของบุคคล  
 การพฒันาหลกัสูตรวิทยาศาสตร์ในประเทศไทยได้รบัอิทธพิลมาจากการปฏริูปหลกัสูตร
วทิยาศาสตรข์องประเทศสหรฐัอเมรกิา เช่นเดยีวกบันานาอารยประเทศทัว่โลก ในปี พ.ศ. 2507- 
2513 โครงการ UNESCO Pilot project for chemistry teaching in Asia ไดก่้อตัง้ขึน้ในประเทศ
ไทย โครงการนี้มุ่งส่งเสรมิการน าแนวคดิใหม่ใช้ในด้านเคมศีกึษาและได้ขยายต่อไปถงึด้านฟิสกิส์
ศกึษาในเวลาต่อมา หลงัจากนัน้สถาบนัส่งเสรมิการสอนวทิยาศาสตร์และเทคโนโลยี (สสวท.) ได้
ด าเนินการพฒันาหลกัสตูรวทิยาศาสตรข์องไทยตัง้แต่ปี 2513 เป็นต้นมา หลกัสูตรวทิยาศาสตรข์อง 
สสวท. มุ่งส่งเสรมิไปที่คุณลกัษณะส าคญัของวทิยาศาสตร ์3 ประการ ได้แก่ ความรูว้ทิยาศาสตร์ 
การสืบเสาะหาความรู้ทางวิทยาศาสตร์และเจตคติทางวิทยาศาสตร์ หลักสูตรเน้นไปที่การท า
กจิกรรมรวมไปถงึวธีกีารสบืเสาะหาความรูแ้ละวธิกีารเรยีนรูแ้บบคน้พบ ในช่วงปี พ.ศ.2523 เป็นต้น
มา ประเทศไทยได้พัฒนาหลักสูตรวิทยาศาสตร์ส าหรับนักเรียนในระดับประถมศึกษาและ
มธัยมศึกษาภายใต้หวัข้อ วิทยาศาสตร์เพื่อมวลชน (Science for all) ในปี พ.ศ. 2542 
พระราชบญัญตัิการศกึษาแห่งชาตกิล่าวว่า นักเรยีนมอีสิระในการตดัสนิใจเลอืกที่จะเรยีนหรอืไม่
เรยีนวทิยาศาสตรร์วมไปถงึคณิตศาสตร ์(Klainin & Soydhurum, 2004) ถงึแมป้ระเทศไทยไดม้กีาร
พฒันาหลกัสตูรมาเป็นระยะเวลาทีย่าวนานแต่ผลลพัธท์ีไ่ดย้งัไมเ่ป็นทีน่่าพอใจเนื่องมาจากนักเรยีนมี
ลลีาการเรยีนรูท้ีห่ลากหลาย หลกัสูตรวทิยาศาสตรข์องไทยส าหรบันักเรยีนระดบัมธัยมศกึษาตอน
ปลาย แบ่งออกเป็น 3 สาขาวชิาหลกั ฟิสกิส ์เคมแีละชวีวทิยา ซึง่เมื่อพจิารณาถงึนักเรยีนทีไ่ม่เน้น
วทิยาศาสตร์เราจะพบว่าหลกัสูตรนี้ค่อนขา้งที่จะไม่เหมาะสมกบันักเรยีนกลุ่มนี้ นักเรยีนที่ไม่เน้น
วิทยาศาสตร์ หมายถึงนักเรียนที่เลือกเรียนในสายวิชาที่เกี่ยวกับศิลปะ ภาษา ดนตรี และ
คณิตศาสตร์ อย่างไรก็ตามนักเรยีนกลุ่มนี้มขีอ้บังคบัที่ต้องเรยีนวทิยาศาสตร์ ซึ่งส่งผลให้นักเรยีน
กลุ่มดงักล่าวมผีลการเรยีนวชิาวทิยาศาสตรอ์ยูใ่นระดบัทีต่ ่า      

ผู้ว ิจยั นักการศึกษาและผู้เชี่ยวชาญประสบปญัหาในการพัฒนาหลักสูตรวิทยาศาสตร ์
เนื่องจาก มโนคตทิางวทิยาศาสตรม์คีวามหลากหลายและเป็นนามธรรมซึ่งยากที่จะหายุทธวธิกีาร
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สอนทีเ่หมาะสม โดยเฉพาะมโนคตดิา้นฟิสกิส์ Knight (2004) กล่าวว่าวทิยาศาสตรเ์รื่องเสยีงเป็น
นามธรรมยากแก่การท าความเข้าใจ นอกจากนัน้จากประสบการณ์การสอนของผู้วจิยัเองพบว่า
มโนคตวิทิยาศาสตรเ์รื่องเสยีงเป็นเรื่องท้าทาย สาเหตุเนื่องมาจากนักเรยีนขาดบรบิทในการเรยีนรู้
โดยเฉพาะนักเรยีนในกลุ่มทีไ่ม่เน้นวทิยาศาสตร ์ซึง่การสอนในการน าบรบิทอื่นทีน่ักเรยีนไม่คุน้เคย
มาใชจ้ะท าใหน้กัเรยีนไมส่ามารถเขา้ใจไดอ้ยา่งลกึซึง้    

จากการศกึษาของ Merck institute เปิดเผยว่า นักเรยีนเพยีงไม่กี่คนเท่านัน้ที่สามารถ
อธบิายการแผ่ของคลื่นเสยีงได้ (Driver R.; Squire A.; Ruthworth P.; & Wood-Robinson V., 
2005: 136-137) ยิง่ไปกว่านัน้นักเรยีนยงัคงมปีญัหาเกี่ยวกบัภาพประกอบในหนังสอื ซึง่อธบิายไม่
ชดัเจนในเรื่องคลื่นในสองมติิ (Knight, 2004) อกีหน่ึงปญัหาทีห่ลกัสูตรวทิยาศาสตรข์าด นัน่คอืการ
เชื่อมต่อวทิยาศาสตรเ์ขา้กบัโลกแห่งความจรงิและชวีติประจ าวนัของผู้คน อกีทัง้วทิยาศาสตรใ์น
ระดบัมธัยมศกึษาตอนปลาย ทัง้ฟิสกิส ์เคมแีละชวีวทิยา ยงัมเีนื้อหามากและการเรยีนรูย้งัคงมุ่งเน้น
ไปทีก่ารท่องจ าและการค านวณทัง้สิน้  

สสวท. ไดก้ าหนดคุณลกัษณะของหลกัสตูรวทิยาศาสตร์ทีส่ าคญัไวใ้นหลกัสูตรการศกึษาขัน้
พืน้ฐาน พุทธศกัราช 2544 ว่า หลกัสตูรวทิยาศาสตรค์วรมกีารเชื่อมต่อเนื้อหา หลกัการ มโนคตแิละ
กระบวนการแบบดัง้เดมิ ไดแ้ก่ วฒันธรรมและภูมปิญัญาเขา้ดว้ยกนั ทัง้ยงัต้องมคีวามยดืหยุ่นและ
ความหลากหลาย หลักสูตรวิทยาศาสตร์ควรส่งเสริมให้ผู้เรียนได้พัฒนาทักษะการคิดและ
ความสามารถในการเรยีนรู ้อกีทัง้หลกัสตูรวทิยาศาสตรค์วรตอบสนองต่อสงัคม วฒันธรรม ประเพณี
ให้มากที่สุด สังคมวัฒนธรรมที่อยู่ล้อมรอบนักเรียนมีส่วนส าคัญในการช่วยให้นักเรียนเข้าใจ
วทิยาศาสตรใ์นบรบิทของตนเองและชี้น าให้นักเรยีนมองเหน็ถงึการเชื่อมระหว่างวทิยาศาสตรแ์ละ
โลกทีอ่าศยัอยู ่(AAAS, 1998: 126)    

Karri (2007) กล่าวว่าวทิยาศาสตรเ์รื่องเสยีงและดนตรมีคีวามสมัพนัธก์นัในเรื่องของความ
เขา้ใจในเรื่องเสยีง และเป็นการปพูืน้ฐานความรูใ้นความเขา้ใจเรื่องเครื่องดนตรใีนเชงิวทิยาศาสตร ์
ในท านองเดยีวกนั Eger (2005) นักดนตรไีดก้ล่าวว่าฟิสกิสแ์ละดนตรเีป็นการบูรณาการซึง่กนัและ
กนั (Tanrattanakula, 2007: 410) อกีทัง้ Browne (2007) ไดแ้สดงใหเ้หน็ว่าเครื่องดนตรสีามารถ
ช่วยให้นักเรยีนเขา้ใจวทิยาศาสตรเ์รื่องเสยีงในเชงิวทิยาศาสตรไ์ด้อย่างง่ายดาย เครื่องดนตรเีป็น
ตวัอย่างที่ดใีนการท าความเข้าใจเรื่องคลื่นนิ่ง ในสงัคมไทยก็เช่นกนัไทยเรามวีฒันธรรมที่เป็น
ลกัษณะพเิศษเฉพาะตวั และเครื่องดนตรไีทยถอืเป็นหนึ่งในนัน้และเป็นสิง่ทีน่ักเรยีนคุน้เคย ดงันัน้ 
ผูว้จิยัเชื่อว่าการใชเ้ครื่องดนตรไีทยกเ็ป็นทางหนึ่งสามารถช่วยใหน้ักเรยีนทีก่ลวัวทิยาศาสตรเ์ขา้ใจ
ในเรือ่งเสยีงได ้ 

ในอดตีเครื่องดนตรไีทยมอีิทธพิลต่อชนชาวไทยเป็นอย่างมาก ดนตรไีทยมที่วงท านองที่
ไพเราะสะท้อนถึงวถิชีวีติที่เรยีบง่ายของไทย เครื่องดนตรไีทยแบ่งออกเป็น 3 ประเภท ได้แก่ 
เครื่องสาย เครื่องเป่า และเครื่องกระทบ (The Department of fine Arts, Thailand, 2001) ความ
งดงามของดนตรไีทยมคีุณค่าทางจติใจของชนชาวไทยมาเป็นระยะเวลายาวนานและเป็นต้นก าเนิด
ของวฒันธรรมและความเป็นอารยะของสงัคมไทย เครื่องดนตรไีทยถอืว่าเป็นมรดกที่มคี่าของไทย
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ตัง้แต่อดตีจนถงึปจัจุบนั (Indhawong, 2003) แต่ดนตรไีทยในปจัจุบนัเริม่หายไปจากใจของคนไทย
รุ่นใหม่เนื่องจากดนตรรี่วมสมยัทีเ่กดิขึน้ในปจัจุบนั หลกัสูตรแกนกลางพุทธศกัราช 2551 กล่าวว่า 
เพื่อที่จะพฒันาคนรุ่นใหม่ให้ก้าวสู่ศตวรรษที่ 21 เราควรส่งเสรมิสนับสนุนให้เดก็รุ่นใหม่มคีวาม
ตระหนักในเรื่องของการด ารงรกัษาวฒันธรรมและภูมปิญัญาของไทยในทุก ๆ ดา้น นอกจากนี้การ
รกัในความเป็นไทยเป็นหนึ่งในลกัษณะทีพ่งึประสงคใ์นหลกัสูตรแกนกลางนี้อกีดว้ย (The ministry 
of education, 2008). 

ดงันัน้ ผู้วิจยัได้รบัแรงบันดาลใจในการออกแบบหลักสูตรวิทยาศาสตร์หลกัสูตรใหม่ที่
เกีย่วขอ้งกบัดนตรใีหก้บันกัเรยีนระดบัมธัยมศกึษาตอนปลายที่ไมเ่น้นวทิยาศาสตรแ์ละสอดคลอ้งกบั
หลกัสูตรแกนกลางพุทธศกัราช 2551 หลกัสูตรนี้เป็นหลกัสูตรบูรณาการแบบสหวทิยาการภายให้
รปูแบบของ Jacobs (1989) ซึง่เป็นการรวมเนื้อหาวชิาวทิยาศาสตรจ์ากฟิสกิส ์เคม ีชวีวทิยา เขา้
กบัเนื้อหาดา้นดนตรไีทย คณิตศาสตรแ์ละวฒันธรรม ใหเ้หมาะสมกบัความหลากหลายของนักเรยีน 
นักเรยีนที่ได้เรยีนหลกัสูตรนี้จะได้รบัการพฒันาทางการคิดโดยใช้สมองทัง้สองซีกควบคู่กันไป 
นอกจากนี้หลกัสูตรนี้ยงัส่งเสรมิความคิดสร้างสรรค์ทางวิทยาศาสตร์ให้กับนักเรยีน โดยการใช้
กิจกรรม การทดลองและใช้วิธีการสอนแบบบูรณาการภายใต้แนวความคิดทฤษฎีสรรคนิยม 
(Constructivism) ความคาดหวงัจากหลกัสูตรนี้เพื่อที่จะเชื่อมต่อโลกของวทิยาศาสตรแ์ละโลกของ
ดนตรใีนบรบิทของเครื่องดนตรไีทยและช่วยให้นักเรยีนตระหนักถงึวฒันธรรมและประเพณีที่ดงีาม
ของไทย เพื่อท าใหก้ารเรยีนหลกัสตูรน้ีสมบรูณ์นกัเรยีนจะมกีารประดษิฐเ์ครื่องดนตรไีทยของตนเอง
โดยใชว้สัดุทีม่อียูใ่นชวีติประจ าวนั   
 
จดุมุ่งหมายของหลกัสตูร 

1. เพื่อส่งเสรมิใหผู้เ้รยีนมคีวามเขา้ใจวทิยาศาสตรเ์รือ่งเสยีงในเครือ่งดนตรไีทย  
2. เพิม่ส่งเสรมิความคดิสรา้งสรรคท์างวทิยาศาสตร ์และเจตคตทิีม่ต่ีอวทิยาศาสตรข์องนกัเรยีน 

หลงัจากไดเ้รยีนรูต้ามหลกัสูตรน้ี  
3. เพื่อส่งเสรมิใหน้กัเรยีนตระหนกัถงึวฒันธรรมและประเพณทีีม่คี่าของไทยโดยเฉพาะเครือ่ง

ดนตรไีทย 
4. เพื่อส่งเสรมิใหน้ าหลกัสตูรแบบสหวทิยาการเรือ่งเสยีงในเครือ่งดนตรไีทย ไปใชส้ าหรบัการ

จดัการเรยีนรูว้ทิยาศาสตรก์บันกัเรยีนไมเ่น้นวทิยาศาสตรร์ะดบัมธัยมศกึษาตอนปลาย 
 
วิธีจดัประสบการณ์การเรียนรู้ 
 ใช้วธิกีารสอนแบบบูรณาการ (Integrated teaching approach) หมายถงึการบูรณาการ
หลากหลายวธิกีารเขา้ด้วยกนัโดยมพีื้นฐานมาจากแนวความคดิทฤษฎสีรรคนิยม  โดยวธิกีารสอน
ทัง้หมดที่ได้รบัเลือกจะส่งเสรมินักเรยีนในการสร้างองค์ความรู้ด้วยตนเองเพื่อให้การเรยีนรู้ของ
นักเรยีนมคีวามน่าสนใจมากขึน้ วธิกีารสอนแบบนี้แตกต่างจากวธิดี ัง้เดมิ ไดแ้ก่ การเขยีนกระดาน
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หรอืใหก้ารบา้น โดยเน้นทีค่วามเขา้ใจในมโนคตแิทนการท่องจ า ลกัษณะของวธิกีารสอนแบบบูรณา
การทีใ่ชใ้นหลกัสตูรวทิยาศาสตรเ์รือ่งเสยีงในเครือ่งดนตรไีทย (SoSTi course) มลีกัษณะดงันี้ 

1. มคีวามหลากหลายในยุทธวธิกีารสอน เช่น การอภปิรายกลุ่ม การสาธติ การท าการ
ทดลอง และผลงานนกัเรยีน เป็นตน้ 

2. ความหลากหลายของการประเมนิและแบบประเมนิที่ใช้ได้แก่ แบบประเมนิความคดิ
สรา้งสรรคท์างวทิยาศาสตร์ (Hu & Aday, 2002), Scientific Attitude Inventory (SAI II) (Richard 
& Foy, 1997), การสงัเกตโดยการจดบนัทกึ, แบบสอบวดัความเขา้ใจในวทิยาศาสตรเ์รื่องเสยีง, การ
สมัภาษณ์ เป็นตน้ 

3. เป็นการเรยีนรูท้ีม่ปีระสทิธภิาพและมคีวามหมาย  
4. มุง่เน้นความสนใจไปทีก่ารรบัฟงัการคดิของนกัเรยีน  
5. ส่งเสรมิการเรยีนรูแ้บบรว่มมอื รว่มใจ รว่มคดิ (Cooperative learning)  

 6. ครมูบีทบาทเป็นผูอ้ านวยความสะดวก 
 
การวดัและประเมินผล 
 การวัดผลประเมินผลการเรียนรู้ในหลักสูตรวิทยาศาสตร์เรื่องสียงในเครื่องดนตรีไทย 
(SoSTi course) มวีธิกีารประเมนิทีห่ลากหลาย ทัง้จากการสงัเกตการท ากจิกรรมของนักเรยีนในแต่
ละบทเรยีนการเรยีนรู ้ ประเมนิจากผลงานของนักเรยีน การประเมนิโดยใชเ้ครื่องมอืทีห่ลากหลาย 
รวมถงึใบงาน ใบกจิกรรมและแบบฝึกหดั  
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โครงสร้างหลกัสตูรวิทยาศาสตรเ์ร่ืองเสียงในเคร่ืองดนตรีไทย  
(The Science of Sound in traditional Thai musical instruments course) 

กลุ่มสาระการเรียนรู้วิทยาศาสตร ์ส าหรบันักเรียนไม่เน้นวิทยาศาสตรร์ะดบัชัน้มธัยมศึกษาปีท่ี 4-6 
เวลา 40 ชัว่โมง จ านวน 1 หน่วยกิต ภาคเรียนท่ี 2 ปีการศึกษา 2553 

ท่ี ช่ือหน่วยการเรียนรู ้ มฐ.ตวัช้ีวดั สาระส าคญั เวลา
(ชัว่โมง) 

น ้าหนัก
คะแนน 

- นกัเรยีนท าแบบวดัและแบบสอบก่อนเรยีน  ไดแ้ก่ แบบวดัเจตคตทิีม่ต่ีอวทิยาศาสตร ์แบบทดสอบความคดิสรา้งสรรคท์างวทิยาศาสตร ์ แบบสอบวดัความเขา้ใจ
วทิยาศาสตรเ์รื่องเสยีง แบบสอบถามความคดิเหน็ทีม่ต่ีอดนตรไีทย 

3 - 

1 รอบรูเ้รื่องเสยีง กลุ่มสาระการเรียนรูวิ้ทยาศาสตร ์
สาระท่ี ๕ พลงังาน 
มาตรฐาน ว๕.๑ เขา้ใจความสมัพนัธร์ะหว่างพลงังานกบัการด ารงชวีติ การ
เปลีย่นรปูพลงังาน ปฏสิมัพนัธร์ะหว่างสารและพลงังาน ผลของการใชพ้ลงังานต่อ
ชวีติและสิง่แวดลอ้ม มกีระบวนการสบืเสาะหาความรู ้สือ่สารสิง่ทีเ่รยีนรูแ้ละน า
ความรูไ้ปใชป้ระโยชน์ 
๑. ทดลองและอธบิายสมบตัขิองคลืน่กล และอธบิายความสมัพนัธร์ะหว่างอตัราเรว็ 

ความถีแ่ละความยาวคลื่น 
๒. อธบิายการเกดิคลื่นเสยีง บตีสข์องเสยีง ความเขม้เสยีง ระดบัความเขม้เสยีง 

การไดย้นิเสยีง คุณภาพเสยีงและการน าความรูไ้ปใชป้ระโยชน์ 
๓. อภปิรายผลการสบืคน้ขอ้มลูเกีย่วกบัมลพษิทางเสยีงทีม่ต่ีอสขุภาพของมนุษย์

และเสนอวธิป้ีองกนั 
สาระท่ี ๘ ธรรมชาตขิองวทิยาศาสตรแ์ละเทคโนโลยมีาตรฐาน ว ๘.๑ ใช้
กระบวนการทางวทิยาศาสตร ์และจติวทิยาศาสตร ์ในการสบืเสาะหาความรู ้การ

ความรูเ้บือ้งตน้เกีย่วกบัเรื่องเสยีง ไดแ้ก่ 
ธรรมชาตขิองเสยีง อตัราเรว็เสยีง ความเขม้
เสยีง ความถีเ่สยีง ความยาวคลืน่เสยีง การ
ไดย้นิเสยีง คุณภาพของเสยีง ในเครื่อง
ดนตรทีัง้ไทยและสากล  

6 17.65 

2 ดนตรไีทย: รากแกว้ของ
สงัคมไทย 

ความรูเ้บือ้งตน้เกีย่วกบัดนตรไีทย โดย
กล่าวถงึประวตัคิวามเป็นมา เครื่องดนตรี
ไทยประเภทเครื่องสาย ไดแ้ก่ ซอดว้ง ซออู ้
จะเข ้เครื่องดนตรไีทยประเภทเครื่องลม 
ไดแ้ก่ ป่ีและขลุ่ย เครื่องดนตรไีทยประเภท
เครื่องต/ีกระทบ ไดแ้ก่ กรบัเสภา ระนาดเอก 
ตะโพน ฆอ้งวง และฉิ่ง เพื่อปลกูฝงัให้
นกัเรยีนสนใจและตระหนกัถงึความเป็นไทย 

4 11.76 

3 แตกต่างอย่างลงตวั ระบบเสยีงทีแ่ตกต่างกนัระหว่างเครื่องดนตรี
ไทยและเครื่องดนตรสีากล และการ

2 5.88 
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ท่ี ช่ือหน่วยการเรียนรู ้ มฐ.ตวัช้ีวดั สาระส าคญั เวลา
(ชัว่โมง) 

น ้าหนัก
คะแนน 

แกป้ญัหา รูว้่าปรากฏการณ์ทางธรรมชาตทิีเ่กดิขึน้สว่นใหญ่ มรีปูแบบทีแ่น่นอน 
สามารถอธบิาย และตรวจสอบไดภ้ายใตข้อ้มลู และเครื่องมอืทีม่อียู่ในชว่งเวลานัน้ 
ๆ เขา้ใจว่า วทิยาศาสตร ์เทคโนโลย ีสงัคม และสิง่แวดลอ้ม มคีวามเกีย่วขอ้ง
สมัพนัธก์นั  
๑. ตัง้ค าถามอยู่บนพืน้ฐานของความรูแ้ละความเขา้ใจทางวทิยาศาสตรห์รอื

ความสนใจ หรอืจากประเดน็ทีเ่กดิขึน้ในขณะนัน้ทีส่ามารถท าการส ารวจ
ตรวจสอบหรอืศกึษาคน้ควา้ไดอ้ย่างครอบคลุมและเชื่อถอืได ้

๒. สรา้งสมมตฐิานทีม่ทีฤษฎรีองรบัหรอืคาดสิง่ทีจ่ะพบ หรอืสรา้งแบบจ าลอง
หรอืสรา้งรปูแบบเพื่อน าไปสูก่ารส ารวจตรวจสอบ 

๓. คน้ควา้รวบรวมขอ้มลูทีต่อ้งพจิารณาปจัจยัหรอืตวัแปรส าคญั ปจัจยัทีม่ผีลต่อ
ปจัจยัอื่น ปจัจยัทีค่วบคุมไม่ได ้และจ านวนครัง้ของการส ารวจตรวจสอบ
เพื่อใหไ้ดผ้ลทีม่คีวามเชื่อมัน่อยา่งเพยีงพอ 

๔. เลอืกวสัดุ เทคนิควธิ ีอุปกรณ์ทีใ่ชใ้นการสงัเกต การวดั การส ารวจตรวจสอบ
อย่างถูกตอ้ง ทัง้ทางกวา้งและลกึในเชงิปรมิาณและคุณภาพ 

๕. รวบรวมขอ้มลูและบนัทกึผลการส ารวจตรวจสอบอย่างเป็นระบบถูกตอ้ง 
ครอบคลุมทัง้ในเชงิปรมิาณและในเชงิคุณภาพ โดยตรวจสอบความเป็นไปได ้
ความเหมาะสมหรอืความผดิพลาดของขอ้มลู 

๖. จดักระท าขอ้มลู โดยค านึงถงึการรายงานผลเชงิตวัเลขทีม่รีะดบัความถูกตอ้ง
และน าเสอนขอ้มลูดว้ยเทคนิควธิทีีเ่หมาะสม 

๗. วเิคราะหข์อ้มลู แปลความหมายของขอ้มลูและประเมนิความสอดคลอ้งของ
ขอ้สรุปหรอืสาระส าคญั เพื่อตรวจสอบกบัสมมตฐิานทีต่ัง้ไว ้

๘. พจิารณาความน่าเชื่อถอืของวธิกีารและผลการส ารวจตรวจสอบ โดยใชห้ลกั

ผสมผสานกนัอย่างลงตวั 
4 สบืสานผ่านสาย ความรูเ้กีย่วกบัวทิยาศาสตรเ์รื่องเสยีงใน

เครื่องดนตรไีทยประเภทเครื่องสาย ไดแ้ก่ 
ซอดว้ง ซออู ้และจะเข ้โดยศกึษาถงึการเกดิ
เสยีงดนตรใีนเครื่องสาย การเกดิคลื่นน่ิง 
ประโยชน์ของกล่องเสยีงของเครือ่งดนตร ี
วสัดุทีน่ิยมใชใ้นการท าเครื่องดนตร ี

6 17.65 

5 ท่วงท านองของวาโย 
 

ความรูเ้กีย่วกบัวทิยาศาสตรเ์รื่องเสยีงใน
เครื่องดนตรไีทยประเภทเครื่องลม ไดแ้ก่ 
ขลุ่ยและป่ี โดยศกึษาถงึการเกดิเสยีงดนตรี
ในเครื่องลมทีม่ลีิน้และไมม่ลีิน้ การเกดิคลื่น
นิ่ง การสัน่พอ้งในท่อปลายปิดและเปิด วสัดุ
ทีน่ิยมใชใ้นการท าเครื่องดนตรปีระเภทนี้ 

6 17.65 

6 กระทบกระทัง่ ความรูเ้กีย่วกบัวทิยาศาสตรเ์รื่องเสยีงใน
เครื่องดนตรไีทยประเภทเครื่องต/ีกระทบ 
ไดแ้ก่ กรบัเสภา ระนาดเอก ตะโพน ฆอ้งวง 
และฉิ่งโดยศกึษาถงึการเกดิเสยีงดนตรใีน
เครื่องต ีทีท่ ามาจากวสัดุต่างกนัและมวีธิี
กระทบใหเ้กดิเสยีงแตกต่างกนั รวมถงึวสัดุที่
นิยมใชใ้นการท าเครื่องดนตรปีระเภทนี้ 

6 17.65 

7 เครื่องดนตรขีองฉนั การน าความรูว้ทิยาศาสตรเ์รื่องเสยีงมา
ประยุกตใ์ช ้โดยนกัเรยีนออกแบบและสรา้ง

4 11.76 
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ท่ี ช่ือหน่วยการเรียนรู ้ มฐ.ตวัช้ีวดั สาระส าคญั เวลา
(ชัว่โมง) 

น ้าหนัก
คะแนน 

ความคลาดเคลื่อน ของการวดัและการสงัเกต เสนอแนะการปรบัปรุงวธิกีาร
ส ารวจตรวจสอบ 

๙. น าผลของการส ารวจตรวจสอบทีไ่ดท้ัง้วธิกีารและองคค์วามรูท้ีไ่ดไ้ปสรา้ง
ค าถามใหม่ น าไปใชแ้กป้ญัหาในสถานการณ์ใหมแ่ละในชวีติจรงิ 

๑๐. ตระหนกัถงึความส าคญัในการทีจ่ะตอ้งมสีว่นร่วมรบัผดิชอบการอธบิายการ
ลงความเหน็ และการสรุปผลการเรยีนรูว้ทิยาศาสตรท์ีน่ าเสนอต่อสาธารณชน
ดว้ยความถูกตอ้ง 

๑๑. บนัทกึและอธบิายผลการส ารวจตรวจสอบอย่างมเีหตุผล ใชพ้ยานหลกัฐาน
อา้งองิหรอืคน้ควา้เพิม่เตมิเพื่อหาหลกัฐานอา้งองิทีเ่ชื่อถอืได ้และยอมรบัวา่
ความรูเ้ดมิอาจมกีารเปลีย่นแปลงได ้เมื่อมขีอ้มลูและประจกัษพ์ยานใหม่
เพิม่เตมิหรอืโตแ้ยง้จากเดมิ ซึง่ทา้ทายใหม้กีารตรวจสอบอย่างระมดัระวงั อนั
จะน ามาสูก่ารยอมรบัเป็นความรูใ้หม่ 
๑๒. จดัแสดงผลงาน เขยีนรายงาน และ/หรอือธบิายเกีย่วกบัแนวคดิ 

กระบวนการและผลของโครงงาน หรอืชิน้งานใหผู้อ้ื่นเขา้ใจ 
กลุ่มสาระการเรียนรูศิ้ลปะ 
สาระท่ี ๒ ดนตร ี
มาตรฐาน ศ ๒.๒ เขา้ใจความสมัพนัธร์ะหว่างดนตร ีประวตัศิาสตร ์และ
วฒันธรรม เหน็คุณค่าของดนตรทีีเ่ป็นมรดกทางวฒันธรรม ภมูปิญัญาทอ้งถิน่ ภมูิ
ปญัญาไทยและสากล 

  ๕. น าเสนอแนวทางในการสง่เสรมิและอนุรกัษ์ดนตรใีนฐานะมรดกของชาต ิ

เครื่องดนตรขีองตนเองจากความรูท้ีเ่รยีนมา 
โดยใชว้สัดุทีห่าง่าย มอียู่รอบตวั พรอ้มทัง้ให้
เหตุผลในการออกแบบ และสามารถอธบิาย
การเกดิเสยีงของเครื่องดนตรชีนิดนัน้ๆ 
น าเสนอแนวทางสง่เสรมิและอนุรกัษ์ดนตรี
ในฐานะมรดกของชาต ิ

- นกัเรยีนท าแบบวดัและแบบสอบหลงัเรยีน  ไดแ้ก่ แบบวดัเจตคตทิีม่ต่ีอวทิยาศาสตร ์แบบทดสอบความคดิสรา้งสรรคท์างวทิยาศาสตร ์ แบบสอบวดัความเขา้ใจ
วทิยาศาสตรเ์รื่องเสยีง แบบสอบถามความคดิเหน็ทีม่ต่ีอดนตรไีทย 

3 - 
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ท่ี ช่ือหน่วยการเรียนรู ้ มฐ.ตวัช้ีวดั สาระส าคญั เวลา
(ชัว่โมง) 

น ้าหนัก
คะแนน 

รวมตลอดปี/ภาค 40 100 

การวดัผลการเรียน (Evaluation) 
1. การประเมนิความรูท้างวชิาการ     30%                   
2. การประเมนิการท างานหรอืกจิกรรมในชัน้เรยีน   10%    
3. การประเมนิผลงานทีไ่ดม้อบหมาย    30% 
4. อื่นๆ ไดแ้ก่ ใบงาน ใบกจิกรรม แบบฝึกหดั ฯลฯ  20% 
5. การเขา้ชัน้เรยีน      10% 
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Appendix C  
Authorized electronic letters and examples of research instruments 
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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 II, 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)   
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2. The Scientific Attitude Inventory II (SAI II) (Richard & Foy, 1997) 
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3. The Physics Textbook evaluation form (Ogan-Bekiroglu, 2007) 
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แบบวดัเจตคติท่ีมีต่อวิทยาศาสตร ์
 
ค าช้ีแจง ใหน้กัเรยีนท าเครื่องหมาย  ลงในช่องระดบัความคดิเหน็ 5 ระดบั ไดแ้ก่ 
   นกัเรยีนเหน็ดว้ยเป็นอย่างยิง่ 

นกัเรยีนเหน็ดว้ย 
นกัเรยีนไมแ่น่ใจหรอืไมส่ามารถตดัสนิใจได้ 
นกัเรยีนไมเ่หน็ดว้ย 
นกัเรยีนไมเ่หน็ดว้ยเป็นอย่างยิง่ 

โดยเลอืกตอบตามความรูส้กึของนกัเรยีนว่าเหน็ดว้ยหรอืไมเ่หน็ดว้ยกบัขอ้ความดงัต่อไปนี้   
    

ข้อความ 

ระดบัความคิดเหน็ 
เหน็
ดว้ย
อย่าง
ยิง่ 

เหน็
ดว้ย 

ไม่
แน่ใจ 

ไมเ่หน็
ดว้ย 

ไมเ่หน็
ดว้ย
อย่าง
ยิง่ 

1. ฉนัชอบเรยีนวทิยาศาสตร ์      
2. เรือ่งทีเ่ราตอ้งการทีจ่ะรูส้ามารถหาค าตอบไดโ้ดยวทิยาศาสตร ์      
3. การรบัฟงัแนวคดิใหมเ่ป็นสิง่ทีไ่รป้ระโยชน์ เวน้เสยีแต่ว่าทุกคน
เหน็ดว้ยกบัแนวคดินัน้ 

     

4. นกัวทิยาศาสตรม์กัจะใหค้วามสนใจ เมือ่มคี าอธบิายทีด่กีว่า
เกดิขึน้ 

     

5. เมือ่นกัวทิยาศาสตรค์นหนึ่งกล่าวว่าแนวคดิหนึ่งเป็นความจรงิ 
นกัวทิยาศาสตรค์นอื่น ๆ จะเชื่อตามนัน้ 

     

6. นกัวทิยาศาสตรท์ีไ่ดร้บัการฝึกฝนมาอย่างดเีท่านัน้ที่จะสามารถ
เขา้ใจวทิยาศาสตรไ์ด ้

     

7. เราสามารถหาค าตอบในค าถามทีเ่ราสงสยัไดเ้สมอ จากการถาม
นกัวทิยาศาสตร ์  

     

8. คนส่วนใหญ่ไมส่ามารถทีจ่ะเขา้ใจวทิยาศาสตรไ์ด้      
9. อุปกรณ์อเิลก็ทรอนิกสเ์ป็นตวัอยา่งของผลติผลทางวทิยาศาสตร์
ทีม่ปีระโยชน์มาก 

     

10. นกัวทิยาศาสตรเ์อง บางครัง้กไ็ม่สามารถหาค าตอบจากค าถาม
ของพวกเขาเองได ้

     

11. เมือ่นกัวทิยาศาสตรม์คี าอธบิายทีด่อียูแ่ลว้ พวกเขาจะไม่
พยายามทีจ่ะปรบัปรงุใหค้ าอธบิายนัน้ดขีึน้ 
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ข้อความ 

ระดบัความคิดเหน็ 
เหน็
ดว้ย
อย่าง
ยิง่ 

เหน็
ดว้ย 

ไม่
แน่ใจ 

ไมเ่หน็
ดว้ย 

ไมเ่หน็
ดว้ย
อย่าง
ยิง่ 

12. คนส่วนใหญ่สามารถเขา้ใจวทิยาศาสตรไ์ด้       
13. การหาความรูท้างวทิยาศาสตรเ์ป็นสิง่ทีน่่าเบื่อ       
14. งานทางวทิยาศาสตรเ์ป็นสิง่ทีย่ากเกนิไปส าหรบัฉนั      
15. นกัวทิยาศาสตรค์น้พบกฏซึง่อธบิายกบัเราไดอ้ย่างแน่นอนว่า
เกดิอะไรขึน้ในธรรมชาต ิ

     

16. แนวคดิทางวทิยาศาสตรส์ามารถเปลีย่นแปลงได้       
17. ค าถามทางวทิยาศาสตรส์ามารถตอบไดโ้ดยการสงัเกตสิง่ต่างๆ      
18. นกัวทิยาศาสตรท์ีด่มีคีวามตอ้งการทีจ่ะเปลีย่นแนวคดิของ
ตวัเอง  

     

19. ค าถามบางค าถามไมส่ามารถตอบไดโ้ดยวทิยาศาสตร ์      
20. นกัวทิยาศาสตรต์อ้งมจีนิตนาการสงูเพื่อใชส้รา้งสรรคแ์นวคดิ
ใหม่ 

     

21. แนวคดิเป็นผลลพัธท์ีส่ าคญัของวทิยาศาสตร ์       
22. ฉนัไมต่อ้งการเป็นนกัวทิยาศาสตร ์      
23. เราตอ้งเขา้ใจวทิยาศาสตรเ์พราะวทิยาศาสตรม์ผีลต่อชวีติของ
พวกเรา 

     

24. วตัถุประสงคห์ลกัของวทิยาศาสตรค์อืเพื่อผลติยาชนิดใหม ่ๆ 
และรกัษาชวีติ 

     

25. นกัวทิยาศาสตรต์อ้งรายงานผลไปตามสิง่ทีพ่วกเขาสงัเกตได ้      
26. ถา้นกัวทิยาศาสตรค์นหนึ่งไมส่ามารถตอบค าถามได ้ 
นกัวทิยาศาสตรอ์กีคนหนึ่งจะสามารถตอบได้ 

     

27. ฉนัอยากทีจ่ะท างานกบันกัวทิยาศาสตร ์เพื่อแกป้ญัหาที่
เกีย่วขอ้งกบัชวีติประจ าวนั 

     

28. วทิยาศาสตรพ์ยายามทีจ่ะอธบิายว่าสิง่ต่าง ๆ เกดิขึน้ไดอ้ยา่งไร      
29. ทุกคนควรเขา้ใจวทิยาศาสตร ์      
30. ฉนัอาจจะไมค่น้พบสิง่ทีย่ ิง่ใหญ่ แต่การท างานในสาขา
วทิยาศาสตรเ์ป็นสิง่ทีส่นุก 

     

31. วตัถุประสงคห์ลกัของวทิยาศาสตรค์อืการช่วยใหผู้ค้นมคีวาม
เป็นอยูท่ีด่ขี ึน้ 
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ข้อความ 

ระดบัความคิดเหน็ 
เหน็
ดว้ย
อย่าง
ยิง่ 

เหน็
ดว้ย 

ไม่
แน่ใจ 

ไมเ่หน็
ดว้ย 

ไมเ่หน็
ดว้ย
อย่าง
ยิง่ 

32. นกัวทิยาศาสตรไ์มค่วรวพิากษ์วจิารณ์งานของคนอื่น      
33. ประสาทสมัผสัคอืหนึ่งในเครือ่งมอืทีส่ าคญัมากทีสุ่ดของ
นกัวทิยาศาสตร ์

     

34. นกัวทิยาศาสตรเ์ชื่อว่าไมม่สีิง่ใดทีเ่ป็นความจรงิแทแ้น่นอน      
35. กฏทางวทิยาศาสตรไ์ดร้บัการพสิูจน์ต่อไปเรือ่ยๆ จากขอ้สงสยั

ทีเ่ป็นไปไดท้ัง้หมด 

     

36. ฉนัอยากเป็นนกัวทิยาศาสตร ์      
37.นกัวทิยาศาสตรไ์มม่เีวลาเพื่อครอบครวัหรอืเพื่อความสนุกสนาน      
38. งานทางวทิยาศาสตรม์ปีระโยชน์เฉพาะกบันกัวทิยาศาสตร์
เท่านัน้ 

     

39. นกัวทิยาศาสตรเ์ป็นผูท้ีต่อ้งเรยีนมากเกนิไป      
40. การทดลองวทิยาศาสตรเ์ป็นสิง่ทีส่นุกสนาน      
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แบบทดสอบความคิดสร้างสรรคท์างวิทยาศาสตร ์
 
ค าช้ีแจง แบบทดสอบความคดิสรา้งสรรคท์างวทิยาศาสตรฉ์บบัน้ี ประกอบดว้ยปญัหาทีแ่ตกต่างกนั 
7 ปญัหาส าหรบัฝึกความคดิ  ใหน้กัเรยีนเขยีนตอบทุกปญัหาใหส้มบูรณ์ โดยใชเ้วลา 50 นาท ี

 

ชื่อ-สกุล............................................................ชัน้............................เลขที.่............................. 

 

1. จงเขียนประโยชน์ของการใช้แก้วในทางวิทยาศาสตร์มาให้มากที่สุดเท่าที่จะเป็นไปได ้
ตวัอยา่งเช่น ใชท้ าหลอดทดลอง 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

 

2. ถา้นกัเรยีนสามารถโดยสารยานอวกาศเพื่อท่องเทีย่วในอวกาศและไปทีด่าวเคราะหด์วงหนึ่ง 
ค าถามทางวิทยาศาสตร์ที่นักเรียนจะใช้ในการวิจัยคืออะไร จงเขียนมาให้มากที่สุด 
ตวัอยา่งเช่น บนดาวเคราะหน์ัน้มสีิง่มชีวีติหรอืไม ่

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 
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3. จงเขยีนการดดัแปลงที่เป็นไปได้มากที่สุดต่อรถจกัรยานหนึ่งคนั โดยท าให้รถจกัรยานมี
ความพเิศษมากขึน้ มปีระโยชน์มากขึน้ หรอืสวยงามมากขึน้ ตวัอย่างเช่น ท าใหล้อ้สะทอ้น
แสงเพื่อใหส้ามารถมองเหน็ในทีม่ดืได ้

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

4. สมมตวิ่า ไมม่แีรงโน้มถ่วง จงอธบิายว่าโลกจะเป็นอยา่งไร ตวัอยา่งเช่น มนุษยจ์ะลอย  

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

5. จงหาวธิใีหไ้ดม้ากทีสุ่ดทีเ่ป็นไปได ้ทีจ่ะสามารถแบ่งสีเ่หลีย่มจตุัรสัออกเป็น 4 ชิน้ทีม่ขีนาด
และรปูรา่งทีเ่ท่ากนั  
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6. มกีระดาษเชด็ปากอยู ่2 ชนิด จะทดสอบไดอ้ย่างไรว่าชนิดไหนดกีว่า จงเขยีนวธิทีดสอบมา
ใหม้ากทีสุ่ดทีเ่ป็นไปได ้รวมถงึอุปกรณ์ทีต่อ้งใช ้หลกัการและกระบวนการ 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

……………………………………………………………………………………………………...... 

 

7. ใหน้กัเรยีนออกแบบเครือ่งเกบ็มะมว่ง วาดรปู ชีส้่วนประกอบและหน้าทีข่องแต่ละส่วน 
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แบบสอบวดัความเข้าใจวิทยาศาสตรเ์ร่ืองเสียง 
 
ค าช้ีแจง แบบสอบม ี4 ตอน คดิเป็นคะแนนรวม 40 คะแนน 
 ตอนที ่1 ขอ้ เป็นขอ้สอบปรนยัแบบถูกผดิ คดิเป็น 10 คะแนน 
 ตอนที ่2 ขอ้ เป็นขอ้สอบปรนยัแบบจบัคู่ คดิเป็น 10 คะแนน 
 ตอนที ่3 ขอ้ เป็นขอ้สอบปรนยัแบบเลอืกตอบ คดิเป็น 10 คะแนน 
 ตอนที ่4 ขอ้ เป็นขอ้สอบอตันยัแบบเลอืกตอบ คดิเป็น 10 คะแนน 
 เวลาในการท าแบบสอบ 50 นาท ีใหน้กัเรยีนตอบลงในแบบสอบ 
 

ชื่อ..................................................................................ชัน้.......................เลขที.่.............. 
 
ตอนท่ี 1 จงท าเครือ่งหมาย หน้าขอ้ความทีถู่กตอ้ง และกาเครือ่งหมาย หน้าขอ้ความทีผ่ดิ  
  
 ……....1 เสยีงเป็นคลื่นตามขวาง 
 ……....2 เสยีงตอ้งอาศยัตวักลางในการแผ่ 
 ……....3 เมือ่อุณหภมูขิองอากาศเพิม่ขึน้ อตัราเรว็ของเสยีงในอากาศจะเพิม่ขึน้ 
 ……....4 เมือ่ผูฟ้งัอยูใ่กลแ้หล่งก าเนิดเสยีงมากขึน้ความเขม้เสยีงจะลดลง 
 ……....5 ค่าความถีข่องเสยีงขึน้อยูก่บัอตัราเรว็เสยีงและความยาวคลื่นเสยีง 
 ……....6 เสยีงจากเครือ่งดนตรทีีต่่างกนัขึน้อยูก่บัคุณภาพของเสยีงของเครือ่งดนตร ี
 ……....7 ความถีข่องเสยีงทีห่คูนปกตไิดย้นิมคี่าตัง้แต่ 20-20,000 เฮริตซ ์ 
 ……....8 สายของเครือ่งดนตรยีิง่มคีวามตงึมากเสยีงทีไ่ดจ้ะเป็นเสยีงทุม้   
 ……....9 ขนาดของเครือ่งดนตรมีผีลต่อเสยีงของเครือ่งดนตร ี
 ……....10 วสัดุทีใ่ชท้ าเครือ่งดนตรไีมม่ผีลต่อเสยีงของเครือ่งดนตร ี
 
ตอนท่ี 2 จบัคู่ค าและขอ้ความต่อไปนี้ โดยน าตวัอกัษรใส่ไวห้น้าค าทีก่ าหนดให้ 
 
………1 คลื่นน่ิง  
………2 คลื่นตามยาว 

ก. คลื่นทีอ่นุภาคในตวักลางเคลื่อนทีต่ามแนวขนานกบัทศิ
การเคลื่อนทีข่องคลื่น 

………3 ความถีธ่รรมชาต ิ ข. เสยีงทีม่รีะดบัเสยีงต ่า 
………4 การสัน่พอ้ง 
………5 เสยีงดนตร ี

ค. ก าลงัเสยีงทีแ่หล่งก าเนิดเสยีงส่งออกไปต่อหนึ่งหน่วย
พืน้ทีผ่วิของหน้าคลื่นทรงกลมรศัม ีR  

………6 ความเขม้เสยีง ง. ความถีต่ ่าสุดของเสยีงทีอ่อกจากแหล่งก าเนิดเสยีง 
………7 ระดบัความเขม้เสยีง จ. ปรากฏการณ์ทีม่แีรงกระท าใหว้ตัถุสัน่หรอืแกว่งเท่ากบั
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………8 เสยีงทุม้ ความถีธ่รรมชาตขิองวตัถุนัน้ 
………9 เสยีงแหลม ฉ. เสยีงทีเ่กดิจากการสัน่สะเทอืนอยา่งสม ่าเสมอ 
………10 ความถีม่ลูฐาน ช. เป็นปรากฏการณ์การแทรกสอดระหว่างคลื่นสองคลื่นทีม่ ี

ความถีเ่ท่ากนัเคลื่อนสวนทางกนั 
 ซ. ค่าบอกความดงัของเสยีงมหีน่วยเป็นเดซเิบล 
 ฌ. เสยีงทีม่รีะดบัเสยีงสงู 
 ญ. ความถีใ่นการสัน่หรอืแกว่ง เป็นสมบตัเิฉพาะตวัของวตัถุ 
 ฎ. คลื่นทีอ่นุภาคในตวักลางเคลื่อนทีต่ามแนวตัง้ฉากกบั ทศิ

การเคลื่อนทีข่องคลื่น 
 ฏ. เป็นปรากฏการณ์การสะทอ้นระหว่างคลื่นสองคลื่นที่

เท่ากนัเคลื่อนสวนทางกนั 
 
ตอนท่ี 3 จงท าเครือ่งหมาย เลอืกค าตอบทีถู่กตอ้งทีสุ่ดเพยีงขอ้เดยีว 
 

1. อตัราเรว็ของเสยีงในอากาศตรงบรเิวณทีไ่ม่มลีมพดัขึน้อยูก่บัขอ้ใด  
 ก. ความถีข่องการสัน่ของแหล่งก าเนิด  ค. ความเรว็ของแหล่งก าเนิดเสยีง 
 ข. อุณหภมูขิองอากาศ    ง. ความเขม้ของเสยีง 
 
2. ดดีจะเขแ้ลว้พบว่าเสยีงทีไ่ดย้นิต ่ากว่าปกต ิจะมวีธิปีรบัแกใ้หเ้สยีงสงูขึน้ไดอ้ยา่งไร  
          ก. เปลีย่นใชส้ายเสน้ใหญ่ขึน้        ค. ปรบัต าแหน่งสายใหย้าวขึน้        
 ข. ปรบัสายใหห้ยอ่นลง         ง. ปรบัสายใหต้งึขึน้ 
 
3. ขอ้ใดต่อไปนี้เป็นวตัถุประสงคข์องการบุผนงัของโรงภาพยนตรด์ว้ยวสัดุกลนืเสยีง 
         ก. ลดความถีข่องเสยีง         ค. ลดการสะทอ้นของเสยีง       
         ข ลดความดงัของเสยีง         ง. ลดการหกัเหของเสยีง 
 
4. ในสมยัโบราณนายพรานใชว้ธิใีดถา้อยากรูว้่ามสีตัวใ์หญ่อยูใ่กลบ้รเิวณนัน้หรอืไม่ 

 ก. ป้องหฟูงัเสยีงสตัวเ์คลื่อนไหว  ค. สงัเกตเงาของสตัวท์ีท่อดมา 
 ข. ใชห้แูนบพืน้ดนิเพื่อฟงัเสยีง  ง. ใชเ้ขม็ทศิจบัทศิทางของสตัว ์

 
5. ระดบัเสยีงและคุณภาพเสยีงขึน้อยูก่บัสมบตัใิดตามล าดบั 
          ก. ความถี ่รปูรา่งคลื่น         ค. รปูร่างคลื่น ความถี่        
 ข. แอมพลจิดู ความถี่         ง. ความถี ่แอมพลจิดู 
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6. วงดนตรทีีป่ระกอบดว้ยเครือ่งดนตรหีลายชนิด เมือ่เล่นพรอ้มกนัแต่เราสามารถแยกไวไ้ดว้่า เสยีง
ใดเป็นเสยีงระนาด เสยีงใดเป็นเสยีงขลุ่ย เสยีงใดเป็นเสยีงซอ เนื่องจากเสยีงดนตรแีต่ละชนิดมี
ลกัษณะเฉพาะตามขอ้ใดทีต่่างกนั 
 ก. ระดบัเสยีง    ค. ความถีเ่สยีง 
 ข. ระดบัความเขม้เสยีง   ง. คุณภาพเสยีง 
 
7. ถา้จดุสดี าแทนแหล่งก าเนิดเสยีง ภาพในขอ้ใดแสดงทางเดนิของเสยีงจากแหล่งก าเนิดเสยีงได้
ถูกตอ้ง 
 ก.       ข.              ค.   ง. 

                                
 

8. ทีอุ่ณหภมู ิ20 องศาเซลเซยีส อตัราเรว็ของเสยีงในอากาศจะเป็นเท่าไร 

 ก. 331 m/s  ข. 340 m/s  ค. 343 m/s ง.351 m/s 
 
9. สายซอดว้งเมือ่ขึน้สายแลว้ยาว 40 ซม. เมือ่สใีหเ้สยีงหลกัทีค่วามถี ่512 เฮริตซ ์ความเรว็ของ
คลื่นในสายซอดว้งเป็นเท่าไร 
 ก. 204.8 m/s   ข. 256.0 m/s    ค. 409.6 m/s ง. 512.0 m/s 
 
10. ถา้ทดลองเคาะลกูฆอ้งทีม่ขีนาดใหญ่ กลาง เลก็ เสยีงทีไ่ดย้นิจะเป็นอย่างไร 
 ก. ลกูฆอ้งขนาดใหญ่เสยีงสูงทีสุ่ด 
 ข. ลกูฆอ้งขนาดเลก็เสยีงสงูทีสุ่ด 
 ค. ลกูฆอ้งขนาดกลางเสยีงสงูกว่าลกูฆอ้งขนาดเลก็ 
 ง. ไมม่ขีอ้ใดถูก 

ตอนท่ี 4 จงเขยีนค าตอบลงในช่องว่างแต่ละขอ้ต่อไปนี้ 
1. ในวงดนตรไีทย ระดบัความเขม้เสยีงจากการเดีย่วซอดว้งเป็น 50 เดซเิบล ถา้นกัดนตรไีทย

เล่นซอดว้ง 15 ตวัพรอ้มกนัระดบัความเขม้ของเสยีงซอดว้งจะเพิม่ขึน้หรอืลดลง อธบิาย 
……………………………………………………………………………………………………….. 
……………………………………………………………………………………………………….. 
……………………………………………………………………………………………………….. 
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2. เครื่องดนตรปีระเภทเครื่องสาย เช่น กตีาร ์ไวโอลนิ ขมิ หรอืซออู้ นอกจากจะมสีายส าหรบั
ท าใหเ้กดิเสยีงแลว้ ยงัมกีล่องเสยีงดว้ย กล่องเสยีงมปีระโยชน์อยา่งไร 

……………………………………………………………………………………………………….. 
……………………………………………………………………………………………………….. 
……………………………………………………………………………………………………….. 

3. นักเรยีนคดิว่าล าอากาศทีอ่ยู่ในเครื่องดนตรปีระเภทเป่า เช่น ขลุ่ย ทรมัเป็ต แซกโซโฟน มี
ผลต่อเสยีงทุม้เสยีงแหลมทีเ่กดิจากเครือ่งดนตรหีรอืไม ่อยา่งไร 

……………………………………………………………………………………………………….. 
………………………………………………………………………………………………………..…
…………………………………………………………………………………………………….. 

4. เพราะเหตุใดเครือ่งดนตรทีีม่ขีนาดใหญ่ จงึใหร้ะดบัเสยีงต ่ากว่าเครือ่งดนตรปีระเภทเดยีวกนั
ทีข่นาดเลก็กว่า เช่น กลองใบใหญ่กบักลองใบเลก็ เป็นตน้ 

……………………………………………………………………………………………………….. 
……………………………………………………………………………………………………….. 
……………………………………………………………………………………………………….. 

5. อตัราเรว็ของเสยีงในอากาศตรงบรเิวณทีอ่ยูใ่กลพ้ืน้ดนิกบับรเิวณยอดเขา แตกต่างกนั
อยา่งไร เพราะเหตุใด 

……………………………………………………………………………………………………….. 
……………………………………………………………………………………………………….. 
……………………………………………………………………………………………………….. 
……………………………………………………………………………………………………… 
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แบบสอบถามความคิดเหน็ท่ีมีต่อดนตรีไทยก่อนเรียน 
ค าช้ีแจง ใหน้กัเรยีนตอบใหต้รงกบัความคดิเหน็ของนกัเรยีนมากทีสุ่ด 

1. เมือ่พดูถงึ ‚ดนตรไีทย‛ นกัเรยีนนึกถงึอะไร เป็นสิง่แรก 
………………………………………………………………………………………………………
………………………………………………………………………………………………… 
2. นกัเรยีนคดิว่า ดนตรไีทยและเครือ่งดนตรไีทยมคีวามส าคญัอยา่งไร 
………………………………………………………………………………………………………
………………………………………………………………………………………………… 
3. นกัเรยีนคดิว่า นกัเรยีนมคีวามใส่ใจและสนใจเรือ่งดนตรไีทยและเครือ่งดนตรไีทยอยู่ในระดบั

ใด (มาก ปานกลาง น้อย) อยา่งไรจงอธบิาย 
………………………………………………………………………………………………………
………………………………………………………………………………………………… 
 

แบบสอบถามความคิดเหน็ท่ีมีต่อดนตรีไทยหลงัเรียน 
ค าช้ีแจง ใหน้กัเรยีนตอบตรงกบัความคดิเหน็ของนกัเรยีนมากทีสุ่ด 

1. หลงัจากเรยีนบทเรยีนนี้แลว้ นกัเรยีนมคีวามคดิเหมอืนหรอืต่างจากความคดิก่อนเรยีน 
อยา่งไร 

ความคิดท่ีเหมือนเดิม 
………………………………………………………………………………………………………
………………………………………………………………………………………………… 
ความคิดท่ีแตกต่างจากเดิม 
………………………………………………………………………………………………………
………………………………………………………………………………………………… 
2. นกัเรยีนคดิว่า หลงัจากเรยีนแลว้ ดนตรไีทยและเครือ่งดนตรไีทยมคีวามส าคญัอย่างไร 
………………………………………………………………………………………………………
………………………………………………………………………………………………… 
3. นกัเรยีนรูส้กึอย่างไร เมื่อมผีูก้ล่าวว่าดนตรไีทยก าลงัไรผู้ส้บืทอด และมแีนวทางในการ

แกป้ญัหาน้ีอยา่งไร 
………………………………………………………………………………………………………
………………………………………………………………………………………………… 
………………………………………………………………………………………………………
………………………………………………………………………………………………… 
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แบบสอบถามความคิดเหน็ของนักเรียนแผนการเรียนศิลป์ท่ีมีต่อวิชาวิทยาศาสตรแ์ละ
ดนตรีไทย 

เรยีนผู้ตอบแบบสอบถาม แบบสอบถามชุดนี้มวีตัถุประสงค์เพื่อสอบถามความคดิเหน็ของ
นักเรยีนแผนการเรยีนศลิป์ที่มต่ีอวชิาวทิยาศาสตรแ์ละดนตรไีทย เพื่อเป็นประโยชน์ในการพฒันา
หลกัสตูรวทิยาศาสตรส์ าหรบันกัเรยีนแผนการเรยีนศลิป์ใหเ้หมาะสมและมปีระสทิธภิาพมากขึน้ โดย
ขอ้มลูทัง้หมดจะน าไปใชเ้พื่อการศกึษาวจิยัเท่านัน้และขอ้มลูส่วนตวัของท่านจะไม่ถูกน าไปเปิดเผย
ต่อสาธารณชนไม่ว่ากรณีใด ๆ ดงันัน้ผู้วิจยัจงึขอความกรุณาท่านในการตอบแบบสอบถามตาม
ความเป็นจรงิ และหากท่านมขีอ้สงสยัเพิม่เตมิสามารถสอบถามไดท้ี ่ 

 
นางสาวชนินนัท ์พฤกษ์ประมลู 
นิสติระดบัปรญิญาเอก สาขาวทิยาศาสตรศกึษา 
มหาวทิยาลยัศรนีครนิทรวโิรฒ 
โทร. 085-9004454 
Email: chaninan_p@hotmail.com  
 

ค าช้ีแจง แบบสอบถามความคดิเหน็ของนกัเรยีนแผนการเรยีนศลิป์ทีม่ต่ีอวชิาวทิยาศาสตรแ์ละ
ดนตรไีทย มทีัง้หมด 4 หน้า แบ่งออกเป็น 3 ตอน ดงัต่อไปนี้ 

ตอนที ่1 ขอ้มลูส่วนตวัของผูต้อบแบบสอบถาม 
ตอนที ่2 ความคดิเหน็ของนักเรยีนทีม่ต่ีอวชิาวทิยาศาสตร์ 
ตอนที ่3 ความคดิเหน็ของนักเรยีนทีม่ต่ีอดนตรไีทย 

 

ตอนท่ี 1 ข้อมลูส่วนตวัของผูต้อบแบบสอบถาม 
ค าช้ีแจง กรณุาขดีเครือ่งหมาย ลงในช่อง  หน้าขอ้ความทีเ่ป็นจรงิกบัตวัท่านมากทีสุ่ด 
1. เพศ    ชาย    หญงิ 
2. ก าลงัศกึษาระดบัชัน้    ม.4    ม.5    ม.6 
3. แผนการเรยีน  ศลิป์ – ค านวณ        ศลิป์ – ภาษา (ระบุภาษา.............................)       
    ศลิป์ – สงัคม                  อื่น ๆ (โปรดระบุ...................................) 
 
4. เกรดเฉลีย่สะสมในรายวชิาวทิยาศาสตร ์   ต ่ากว่า 2.00   

 2.01 - 2.50 
 2.51 - 3.00 
 3.01 – 3.50 
 3.51 ขึน้ไป 

mailto:chaninan_p@hotmail.com
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5. ใหน้กัเรยีนเรยีงล าดบัวชิาทีน่กัเรยีนชอบมากทีสุ่ด (1) ไปหาน้อยทีสุ่ด (8) จากวชิาทีก่ าหนดให้
ต่อไปนี้ 

..........วทิยาศาสตร ์  .........ภาษาต่างประเทศ  ..........คณติศาสตร ์ 

..........ภาษาไทย   ..........สงัคมศกึษา   ..........ศลิปะ  

..........สุขศกึษา/พลศกึษา ...........การงานอาชพี 
 
6. เพราะเหตุใดนกัเรยีนจงึเลอืกเรยีนแผนการเรยีนศลิป์ 
.....................................................................................................................................................
..................................................................................................................................................... 
 
ตอนท่ี 2 ความคิดเหน็ของนักเรียนท่ีมีต่อวิชาวิทยาศาสตร ์
ค าช้ีแจง เมือ่นกัเรยีนอ่านขอ้ความต่อไปนี้แลว้ ใหข้ดีเครือ่งหมาย  ลงในช่องทีต่รงตามความรูส้กึ
ของนกัเรยีนมากทีสุ่ดโดยใชเ้กณฑต่์อไปนี้ 
 5 หมายถงึ เหน็ดว้ยอย่างยิง่ 
 4 หมายถงึ เหน็ดว้ย  

3 หมายถงึ ไมแ่น่ใจ 
2 หมายถงึ ไมเ่หน็ดว้ย 
1 หมายถงึ ไมเ่หน็ดว้ยอยา่งยิง่ 

      

ขอ้ หวัขอ้ทีใ่ชใ้นการประเมนิ 

ระดบัความคดิเหน็ 
เหน็
ดว้ย
อย่าง
ยิง่ 

เหน็
ดว้ย 

ไม่
แน่ใจ 

ไมเ่หน็
ดว้ย 

ไมเ่หน็
ดว้ย
อย่าง
ยิง่ 

1 นกัเรยีนเลอืกเรยีนแผนการเรยีนศลิป์เพราะคดิว่าแผนการเรยีน
วทิยาศาสตร ์เป็นแผนการเรยีนทีย่าก 

     

2 นกัเรยีนสนุกและมคีวามสุขเมือ่เรยีนวทิยาศาสตร์      
3 นกัเรยีนอยากเรยีนวชิาอื่นมากกว่าวชิาวทิยาศาสตร์      
4 การเรยีนวทิยาศาสตรท์ าใหน้กัเรยีนเรยีนรูเ้กีย่วกบัความจรงิ

เกีย่วกบัธรรมชาตมิากขึน้ 
     

5 วทิยาศาสตรช์่วยใหน้กัเรยีนท างานอย่างมเีหตุผล      
6 วทิยาศาสตรเ์ป็นวชิาทีม่ปีระโยชน์ต่อชวีติประจ าวนัมาก      
7 ระหว่างทีเ่รยีนวทิยาศาสตร ์นกัเรยีนตอ้งการใหเ้วลาผ่านไปอย่าง

รวดเรว็ 
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ขอ้ หวัขอ้ทีใ่ชใ้นการประเมนิ 

ระดบัความคดิเหน็ 
เหน็
ดว้ย
อย่าง
ยิง่ 

เหน็
ดว้ย 

ไม่
แน่ใจ 

ไมเ่หน็
ดว้ย 

ไมเ่หน็
ดว้ย
อย่าง
ยิง่ 

8 วทิยาศาสตรเ์ป็นวชิาทีส่่งเสรมิความคดิรเิริม่สรา้งสรรค์      
9 การทดลองทางวทิยาศาสตรเ์ป็นสิง่ทีน่่าสนใจ      
10 นกัเรยีนรูส้กึอดึอดัเมือ่ตอ้งตอบปญัหาวทิยาศาสตรใ์นชัน้เรยีน      
11 นกัเรยีนคดิว่าตนเองสามารถเรยีนวชิาวทิยาศาสตรไ์ดด้ี      
12 การเรยีนวทิยาศาสตรช์่วยใหน้กัเรยีนเรยีนวชิาอื่น ๆ ไดด้ขีึน้      
13 วทิยาศาสตรเ์ป็นวชิาทีน่่าสนใจ น่าตื่นเตน้ น่าตดิตาม      
14 นกัเรยีนจะใหค้วามสนใจ เมื่อชมนิทรรศการวทิยาศาสตรห์รอืไป

พพิธิภณัฑว์ทิยาศาสตร ์
     

15 การเรยีนวทิยาศาสตรท์ าใหน้กัเรยีนเครยีด  เพราะตอ้งแกป้ญัหา
ตลอดเวลา 

     

16 นกัเรยีนชอบดูรายการโทรทศัน์เกีย่วกบัวทิยาศาสตร์      
17 วทิยาศาสตร ์สามารถเชื่อมโยงกบัชวีติประจ าวนัไดอ้ยา่งแทจ้รงิ      
18 นกัเรยีนชอบอ่านหนังสอืเกีย่วกบัวทิยาศาสตร์      
19 นกัเรยีนชอบท าการบา้นวชิาวทิยาศาสตร์      
20 วทิยาศาสตรม์คีวามส าคญัในการพฒันาประเทศ      
21 ถา้การเรยีนวทิยาศาสตรเ์กี่ยวขอ้งกบัสิง่ทีน่กัเรยีนคุน้เคยจะท าให้

เขา้ใจวทิยาศาสตรม์ากขึน้ 
     

 
ตอนท่ี 3 ความคิดเหน็ของนักเรียนท่ีมีต่อดนตรีไทย 
ค าช้ีแจง กรณุาขดีเครือ่งหมาย ลงใน หน้าค าตอบทีเ่ป็นจรงิกบัตวัท่านมากทีสุ่ด 
1. นกัเรยีนเคยเรยีนวชิาทีเ่กีย่วกบัดนตรไีทยหรอืไม ่   เคย   ไมเ่คย 
    (ถา้เคย ท าต่อขอ้ 2 ถา้ไมเ่คยขา้มไปขอ้ 3) 
 
2. นกัเรยีนเริม่เรยีนวชิาดนตรไีทยเมือ่นกัเรยีนเรยีนอยู่ระดบัชัน้ใด (ตอบไดม้ากกว่า 1 ค าตอบ) 

 ประถมศกึษาตอนตน้ (ป.1-ป.3)   ประถมศกึษาตอนปลาย (ป.4-ป.6) 
 มธัยมศกึษาตอนตน้ (ม.1-ม.3)  มธัยมศกึษาตอนปลาย (ม.4-ม.6) 
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3. นกัเรยีนมคีวามสนใจดนตรไีทยในระดบัไหน 
 มาก   ปานกลาง    น้อย   ไมส่นใจเลย 

 
4. นกัเรยีนไดฟ้งัดนตรไีทยเดมิบา้งหรอืไม่ 
  ไดฟ้งั เพราะ (โปรดระบุเหตุผล)…………………………………………………………… 
……………………………………………………………………………………………………………. 
  ไมไ่ดฟ้งั เพราะ (โปรดระบุเหตุผล)………………………………………………………... 
……………………………………………………………………………………………………………. 

 
5. ในวนัว่างหากนกัเรยีนเดนิผ่านงานแสดงดนตรไีทย นกัเรยีนจะท าอยา่งไร 
  เขา้รว่มชม เพราะ (โปรดระบุเหตุผล)……………………………………………………... 
……………………………………………………………………………………………………………. 
  ไมเ่ขา้รว่มชม เพราะ (โปรดระบุเหตุผล)…………………………………………………... 
……………………………………………………………………………………………………………. 
 
6. นกัเรยีนเล่นเครือ่งดนตรไีทยไดบ้า้งหรอืไม่ 

 เล่นได ้ตอนน้ียงัคงเล่นไดอ้ยู ่(ระบเุครือ่งดนตรทีีเ่ล่น...................................................) 
  เคยเล่นได ้แต่ตอนน้ีไม่ไดเ้ล่นแลว้ (ระบุเครือ่งดนตรทีีเ่ล่น...........................................) 
  ไมเ่คยเล่นเลย 
 
7. ใหน้กัเรยีนยกตวัอยา่งเครือ่งดนตรไีทย ทีน่กัเรยีนรูจ้กัมาชนิดละ 3 ชื่อ (กรณทีีย่กตวัอยา่งไดไ้ม่
ครบใหต้อบเท่าทีต่อบได้) 
 เครือ่งสาย เช่น..................................................................................................................  
 เครือ่งกระทบ / เครือ่งต ีเชน่.............................................................................................. 
 เครือ่งเปา่ เช่น................................................................................................................... 

 
 
 

#ขอบคณุท่ีให้ความร่วมมือในการตอบแบบสอบถาม#
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 Appendix D  
The examples of the lesson plans 
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มนุษยไ์ด้ยนิเสยีงมาตัง้แต่เกดิ จดจ า
และแยกแยะเสียงต่าง ๆ ที่อยู่รอบตัว ได ้
โดยเฉพาะเสียงดนตรี ไม่ว่าไปที่ไหนใน
ปจัจุบนั เดนิไปตามทอ้งถนนผ่านสถานทีต่่าง 
ๆ เรามกัจะเห็นผู้คนเดินมาพร้อมกบัเครื่อง
เล่นซดี,ี mp3, i-pod, โทรศพัทม์อืถอืพรอ้มหู
ฟงั เปิดเพลงฟงัตลอดระยะเวลาที่เดินทาง
กลับบ้ า น  ยิ่ ง ไ ปก ว่ า นั ้น  ไ ม่ ว่ า จ ะ เ ป็ น
ห้างสรรพสนิค้า รา้นอาหาร สนามกฬีา ฯลฯ 
ต่างก็เปิดเพลงเพื่อสรา้งบรรยากาศ เรยีกได้
ว่ า เ สีย งดนต รี เ ป็ นป ัจ จัยห น่ึ ง ขอ งกา ร
ด ารงชวีติไปเสยีแลว้  

 
 
 
 

อกีทัง้การแสดงดนตรใีนรูปแบบต่าง 
ๆ ในปจัจุบนักห็าดูไดง้่าย ทัง้คอนเสริต์ ละคร
เวท ีละครเพลง  เรยีกได้ว่ามนุษย ์เสยีง และ
ดนตร ีมคีวามผกูพนัธก์นัอยา่งลกึซึง้      

 
 
 
 
 
 
 
 
 
 

 

 
 
 
มนุษยไ์ด้น าความรูเ้รื่องเสยีงมาสรา้ง

และพฒันาเครื่องดนตร ีท าให้มเีครื่องดนตรี
ปร ะ เภท ต่ า ง  ๆ  เกิดขึ้ นมากมาย  เช่ น 
เครือ่งสายทีใ่ชว้ธิสี ีไดแ้ก่ ไวโอลนิ เชลโล ซอ
สามสาย ซออู้ ซอด้วง เครื่องสายที่ใช้วธิดีีด 
ไดแ้ก่ กตีาร ์พณิ กระจบัป่ี แมนโดลนิ แบนโจ 
เครื่องลม เช่น ขลุ่ย ป่ี แคน ฟลุต คลารเินต 
แซกโซโฟน และเครื่องกระทบ เช่น ระนาด
เอก ระนาดทุ้ม ระนาดฝรัง่ รวมไปถึงเครื่อง
ดนตรทีี่สร้างจากวงจรอิเล็กทรอนิกส์ก็เป็นที่
นิยมในปจัจบุนั  

 
ความรู้เรื่องเสียงสามารถน ามาใช้

ประโยชน์ได้ในทุกวงการ ด้านการแพทยไ์ด้มี
การน าเสยีงมาใช้ในการตรวจอวยัวะภายใน
ของคนเพื่อวนิิจฉัยสาเหตุของความผดิปกต ิ
เช่น ลิน้หวัใจ มดลูก ครรภ ์เนื้องอก ตบั มา้ม 
และสมอง โดยใชก้ารสะทอ้นของเสยีงบรเิวณ
รอยต่อระหว่างชัน้ของเนื้อเยื่อต่าง ๆ ด้าน
การออกแบบเพื่อลดระดบัความเขม้เสยีงของ
เครื่องยนต์ เครื่องจกัรในโรงงาน เสียงจาก
ยานพาหนะบนทางด่วน ก็อาศยัความรู้เรื่อง

บทท่ี 1 

รอบรู้เรื่องเสียง 
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การดูดกลนืเสยีง นอกจากนัน้ความรู้เรื่อง
เสียงท าให้มนุษย์สามารถสร้างเครื่องวัด
ระยะทางแบบต่าง ๆ ได้ทัง้ระยะทางที่เสียง
เคลื่อนที่ในอากาศและในน ้า โดยใช้หลกัการ
สะทอ้นของเสยีง (Reflection of sound)   

ดังนั ้น การเข้าใจถึงหลักการเรื่อง
เสียงจึงมีความส าคัญที่จะท าให้นักเรียน
สามารถน าความรู้เรื่องเสียงมาใช้ให้เกิด
ประโยชน์ได ้

 
 
 
 
 
 
 

 
 
 

ธรรมชาติของเสียง 
 เสยีงเกดิขึน้ได้อย่างไร เสยีงเกดิจาก
การสัน่สะเทอืนของวตัถุ ในขณะทีเ่ราพูดหาก
เราใช้มอืสมัผสับรเิวณล าคอ เราจะรู้สกึว่ามี
การสัน่ที่บริเวณกล้ามเนื้อล าคอ ในเครื่อง
ดนตรไีทยกเ็ช่นกนั ตวัอยา่งเช่น การสซีอดว้ง
ในขณะที่ใช้คนัชกัสีที่สายซอด้วง ถ้าเราเอา
มือไปสัมผัส จะพบว่ามีการสัน่ของสายซอ 
พลังงานที่เราถ่ายโอนให้กับสายซอจะถูก
เปลี่ยนเป็นพลงังานเสยีง ซึ่งส่งผลต่อการสัน่
และความดงัของเสยีง เสยีงจะดงัมากเมื่อสาย
ซอเกดิการสัน่มาก และเสยีงจะเบาลงเมื่อสาย
ซอสัน่น้อยลง 

เสียงดนตรี คือเสียงที่เกิดจากการ
สัน่สะเทอืนอย่างสม ่าเสมอ หรอืเสยีงที่มกีาร
จัดเรียงอย่างเ ป็นระเบียบ มีแบบแผนมี
โครงสร้าง ก่อให้เกิดเป็นความไพเราะส่งผล

ต่ออารมณ์และความรู้สึก โดยดนตรีนัน้จะ
แสดงออกมาในด้านระดบัเสยีง(Pitch) ความ
ดงัและคุณภาพเสยีง (Quality of sound) 
ดงันัน้ เสียงทุกเสียงไม่ใช่เสียงดนตร ีแม้จะ
เกดิจากการสัน่สะเทอืนของวตัถุเหมอืนกนัแต่
หากไม่มกีารจดัเรยีงอย่างมรีะบบระเบยีบ ก็
เป็นเสยีงดนตรไีมไ่ด ้
 เสยีงเป็นคลื่นตามยาว (Longitudinal 
wave) ที่ต้องอาศยัตวักลางในการเคลื่อนที ่
เช่น อากาศ น ้า เป็นต้น ถ้าไม่มตีัวกลางรบั
ถ่ายโอนพลังงานเราก็จะไม่ได้ยินเสียงเลย 
เ สี ย ง มี ส ม บั ติ ก า ร หั ก เ ห  (Refraction) 
เช่นเดยีวกบัการหกัเหของคลื่นน ้า  ตวัอย่าง
การหักเหของเสียงที่เกิดขึ้นตามธรรมชาต ิ
ไดแ้ก่ การเหน็ฟ้าแลบแต่ไมไ่ดย้นิเสยีงฟ้ารอ้ง 
เนื่องจากคลืน่เสียงเคลือ่นทีผ่่านอากาศร้อน
ได้เร็วกว่าอากาศเย็น อีกทัง้ชัน้ต่าง ๆ ของ
อากาศเหนือพื้นดินมีอุณหภูมิไม่เท่ากัน ยิ่ง
ชัน้สูงอุณหภูมขิองอากาศยิง่ลดลง ดงันัน้ในที่
สูง ๆ จากพื้นผิวโลก อัตราเร็วของเสียงจะ
น้อยกว่าบรเิวณใกล้ผวิโลก ขณะเกิดฟ้าแลบ
และฟ้าร้องในตอนกลางวัน คลื่นเสียงจะ
เคลื่อนที่จากอากาศตอนบนซึ่งเย็นกว่าสู่
อากาศบรเิวณใกล้พื้นดินซึ่งร้อนกว่า ท าให้
เกดิเสยีงฟ้ารอ้งกลบัขึน้ไปในอากาศตอนบน 
ถ้าเสยีงเกิดการหกัเหกลบัไปทัง้หมด เราจะ
เห็นเฉพาะฟ้าแลบ แต่ไม่ได้ยนิเสียงฟ้าร้อง 
สถานการณ์ข้างต้นนี้แสดงว่า เสียงมสีมบตัิ
การหกัเห ดงัรปู 1.1 

 

รู้หรือไม่??? 

ในอาคารท่ีต้องการลดเสียงสะท้อน 
วิศวกรจะบุผนงัหรือเพดานของอาคารดว้ยวสัดุท่ี
มีรูพรุน เพ่ือให้เสียงเกิดการสะทอ้นภายในรูพรุน
หลาย ๆ คร้ัง หรือใช้วสัดุอ่ืน ๆ ตกแต่งเพ่ือลด
ความราบเรียบของผนังหรือเพดาน เช่น การติด
ผา้ม่าน การวางครุภณัฑอ่ื์น ๆ เป็นตน้ 
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รปูท่ี  1.1 แสดงการสะทอ้นกลบัหมดของคลื่นเสยีง
ท าใหผู้ส้งัเกตไม่ไดย้นิเสยีงฟ้ารอ้ง 

 
อตัราเรว็ของเสียง  
 เ ว ล า ที่ เ สี ย ง ใ ช้ เ ค ลื่ อ น ที่ จ า ก
แหล่งก าเนิดเสียงผ่านอากาศมาถึงหูผู้ฟงั
ขึน้อยู่กบัระยะทางระหว่างต้นก าเนิดเสยีงกบั
ผู้ฟงั ถ้าระยะห่างมาก เสยีงจะใช้เวลาในการ
เคลื่อนที่นาน โดยอัตราเร็วของคลื่นเสียง
(Speed of sound wave) ในตวักลางหนึ่ง ๆ 
จะคงตัวเมื่ออุณหภูมขิองตัวกลางคงตัว ดัง
แสดงในตารางที ่1.1 
 

ตวักลาง อตัราเรว็ 
(m/s) 

แก๊สคารบ์อนไดออกไชด ์(0 ºC) 
อากาศ (15 ºC) 
แก๊สไฮโดรเจน (25 ºC) 
น ้า (25 ºC) 
น ้าทะเล (25 ºC) 
แกว้ (25 ºC) 
อะลมูเินียม (25 ºC) 
เหลก็ (25 ºC) 

258 
346 

1,339 
1,498 
1,531 
4,540 
5,000 
5,200 

ตารางท่ี 1.1 อตัราเรว็ของเสยีงในตวักลางต่าง ๆ 

 

 อัต ร า เ ร็ ว ข อ ง เ สีย ง ในอ ากาศมี
ความสัมพันธ์กับอุณหภูมิของอากาศ ตาม
สมการ 

tvt 6.0331  
 

เมือ่  tv  เป็นอตัราเรว็ของเสยีงในอากาศที ่
           อุณหภูมิ t มหีน่วยเป็นเมตรต่อ

วนิาท ี
        t  เป็นอุณหภูมขิองอากาศ มหีน่วย
องศาเซลเซยีส โดย CtC  5050  
 เสยีงเป็นคลื่นชนิดหนึ่ง เราสามารถ
หาอัตราเร็วของคลื่นเสียงได้ ถ้าเราทราบ
ความถี่  ของเสยีง (frequency-- f ) และ
ความยาวคลื่นของเสยีง (wavelength-- ) ที่
ผ่านตวักลาง จากความสมัพนัธต่์อไปนี้ 

fv   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

พืน้ดนิ 

อากาศเยน็กว่า 

อากาศร้อนกว่า 

ตวัอยา่ง วลิลีน่ัง่สซีอดว้งอยู่ทีร่มิระเบยีง ขณะนัน้อุณหภมูิ
อากาศ 25 ºC  
ก.  อตัราเรว็ของเสยีงซอดว้งในอากาศมคี่าเท่าใด 
 

วิธีท า  จากสมการ tvt 6.0331  

 แทนค่า t = 25 ºC 
 จะได ้ 346)25(6.0331 tv เมตร/วนิาท ี
ดงันัน้  อตัราเรว็เสยีงของซอดว้งในอากาศมคี่า 346 m/s 
 
ข.  ถา้วดัความถีข่องเสยีงซอดว้งได ้230 เฮริซ์ ความยาวคลืน่
ของเสยีงมคี่าเท่าใด 
 
วิธีท า  จากสมการ   fv   

 จะไดว้่า       
f

v
  

 แทนค่า  v = 346 m/s, f = 230 Hz 

 จะได ้ 50.1
230

/346


Hz

sm
  เมตร 

 ดงันัน้ ความยาวคลื่นของเสยีงซอดว้งมคี่า 1.50 m 
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เมื่อเปรยีบเทยีบคลื่นเสยีงกบัคลื่นน ้า
พบว่า คลื่นน ้ า เคลื่อนที่โดยโมเลกุลของ
ตวักลางไม่เคลื่อนที่ไปพร้อมกับคลื่น แต่จะ
เคลื่อนที่แบบสัน่ไปมาในบริเวณเดิม คลื่น
เสยีงก็เช่นกนั เมื่อคลื่นเสยีงเคลื่อนที่ผ่านไป
แลว้ โมเลกุลของอากาศในแต่ละต าแหน่งกจ็ะ
ยงัคงอยูท่ีเ่ดมิ 
 เมื่อแหล่งก าเนิดเสียงสัน่ พลังงาน
ของการสัน่จะถูกถ่ายโอนให้แก่โมเลกุลของ
อากาศทีอ่ยู่รอบ ๆ เมื่อพจิารณาแนวการถ่าย
โอนพลงังานของคลื่นเสยีงกบัแนวการสัน่ของ
โมเลกุลของตวักลางแล้ว จะพบว่าอยู่ในแนว
เดยีวกนั ดงันัน้ คลื่นเสยีงจงึเป็นคลื่นตามยาว  

เมื่อมีคลื่นเสียงผ่าน ระยะระหว่าง
โมเลกุลของอากาศจะเปลีย่นไป ตามลกัษณะ
ที่เป็นส่วนอดั (Compression) และส่วน
ขยาย (Rarefaction) ซึง่เป็นลกัษณะเดยีวกบั
การเกดิคลื่นตามยาวในขดลวดสปรงิ ดงัรูป 
1.2 
 

 
รปูท่ี 1.2 กราฟความสมัพนัธร์ะหว่างการกระจดัและ

ความดนัของคลื่นเสยีงซึง่เป็นคลื่นตามยาว 
  
 
 
 

ความเข้มเสียง  

 เสียงเกิดจากการสัน่ของวัตถุที่เป็น
แหล่งก าเนิดเสียงและในการท าให้วัตถุสัน่
จ าเป็นต้องใช้พลงังาน ถ้าพลงังานท่ีใช้มีค่า
มากแอมพลิจดูของการสัน่กมี็ค่ามาก และ
ถ้าใช้พลงังานน้อย แอมพลิจดูของการสัน่
ก็จะน้อยตามไปด้วย พลงังานการสัน่ของ
แหล่งก าเนิดเสยีงจะถูกถ่ายโอนผ่านโมเลกุล
ของอากาศต่อกันไปถึงหูผู้ฟงั ท าให้แก้วหู
สัน่สะเทอืน เป็นผลใหผู้ฟ้งัไดย้นิเสยีง เสยีงที่
หูไดย้นิอาจจะดงัหรอืเบากไ็ด้ ขึน้กบัพลงังาน
ของเสยีงทีห่ผููฟ้งัไดร้บั 
 อตัราการถ่ายโอนพลงังานเสยีงของ
แหล่งก าเนิด คือ ปริมาณพลังงานเสียงที่
ส่งออกจากแหล่งก าเนิดในหน่ึงหน่วยเวลา ซึง่
เรยีกว่า ก าลงัเสียง  มหีน่วยเป็นเป็นจูลต่อ
วนิาท ี(J/s) หรอื วตัต์ (Watts) ผูฟ้งัจะไดย้นิ
เสยีงจากแหล่งก าเนิดเสยีงที่มกี าลงัมาก ดงั
กว่าเสยีงจากแหล่งก าเนิดเสยีงที่มกี าลงัน้อย 
ในกรณทีีผู่ฟ้งัอยูห่่างจากแหล่งก าเนิดเสยีงทัง้
สองเท่ากนั 

ก าลงัเสยีงทีแ่หล่งก าเนิดเสยีงส่งออก
ไปต่อหนึ่งหน่วยพื้นที่ผิวของหน้าคลื่นทรง
กลมรศัมี R ที่มีแหล่งก าเนิดเสียงอยู่ที่
ศูนยก์ลาง เรยีกว่า ความเข้มเสียง (Sound 
Intensity) โดยสามารถเขยีนความสมัพนัธไ์ด้
ดงันี้ 

 

24 R

P
I


  

 
เมือ่  I  เป็นความเขม้เสยีง ณ ต าแหน่งต่าง ๆ  
         มหีน่วยเป็นวตัต์/ตารางเมตร (W/m2) 

อดั อดั อดั 

ขยาย ขยาย 
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      P เป็นก าลงัเสยีงของแหล่งก าเนิดเสยีง         
มหีน่วยเป็นวตัต ์(W)  
      R เป็นระยะทางระหว่างแหล่งก าเนิด
เสยีงกบัต าแหน่งทีจ่ะหาความเขม้เสยีง  
          มหีน่วยเป็นเมตร (m) 

จากสมการ ถ้าแหล่งก าเนิดเสียงมี
ก าลงัเสยีง P คงตวั สามารถสรปุไดว้่า 

2

1

R
I  

สรุปไดว้่าความเขม้เสยีง ณ ต าแหน่ง
ต่าง ๆ จะลดลง เมื่อต าแหน่งนัน้ ๆ อยู่ไกล
จากแหล่งก าเนิดเสยีงมากขึน้ จากการศกึษา
การได้ยินของหูคนปกติ พบว่า เสียงที่เบา
ที่สุดที่มนุษยส์ามารถได้ยนิ มคีวามเขม้เสยีง 
10-12 วตัตต่์อตารางเมตร และเสยีงทีด่งัทีสุ่ดที่
หูมนุษยส์ามารถทนฟงัไดโ้ดยไม่เป็นอนัตราย
ต่อแก้วหู มคีวามเข้มเสยีง 1 วตัต์ต่อตาราง
เมตรเท่านัน้ 

 

ระดบัความเข้มเสียง  
 ระดับความ เ ข้ม เ สีย ง  (Sound 
Intensity Level) เป็นตวับอกความดงัของ
เสียงแทนความเข้มเสียง ก าหนดให้เสียงที่
เบาที่สุดที่หูคนปกติรบัรู้ได้มรีะดบัความเข้ม
เสยีงเป็น 0 เบล จะปรากฏว่า เมื่อเพิม่ความ
เขม้เสยีง ณ ต าแหน่งรบัฟงัเสยีงเป็น 10 เท่า
ของความเขม้เสยีงต ่าสุด ระดบัความเขม้เสยีง
จะเพิม่ขึ้น 1 เบล ถ้าเพิม่ความเข้มเสยีงเป็น 
100 เท่า หรอื 102 เท่า ระดบัความเขม้เสยีง
จะเพิม่ขึน้ 2 เบล จงึสรุปไดว้่าเสยีงทีม่คีวาม
เขม้เสยีงทีจุ่ดรบัฟงัเป็น 101 102 103… เท่า
ของความเขม้เสยีงทีเ่บาทีสุ่ดทีห่คูนปกตริบัได้ 
สามารถเขยีนความสมัพนัธร์ะหว่างความเขม้
เสยีงกบัระดบัความเขม้เสยีง (  ) ไดด้งันี้ 

  )log(10
0I

I
  

  

เมื่อ  0I  คือ ความเข้มเสียงอ้างอิงที่มนุษย์
เริม่ไดย้นิ มคี่า1x10-12 W/m2 
      I   คอื ความเขม้เสยีงใด ๆ ทีต่้องการ
วดั 
        คอื ระดบัความเขม้เสยีงมหีน่วยเป็น           
เดซเิบล (dB) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ระดับความเข้มเสียงของเสียงจาก
แห่ งก า เ นิด ต่ างกัน  ส่ งผล ต่อการรับฟ ัง
แตกต่างกนั ดงัตารางที ่1.2 
 
 
 
 
 
 
 
 
 

ตวัอยา่ง นาธานตรีะนาดเพลงลาวดวงเดอืน วดัความเขม้
เสยีงได ้1000 วตัต/์ตารางเมตร คดิเป็นระดบัความเขม้เสยีง
เท่าใด  

วิธีท า  จากสมการ )log(10
0I

I
  

 แทนค่า 310I  W/m2 และ 0I =1x10-12 W/m2 

 จะได ้ 90
101

10
log10

12

3














 เดซเิบล 

ดงันัน้   สามารถหาระดบัความเขม้เสยีงได ้90 เดซเิบล 
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แหล่งก าเนิด 

ระดบั
ความเขม้
เสียง 
(dB) 

ผลการรบัฟัง 

การหายใจปกต ิ
การกระซบิแผ่วเบา 
ส านกังานทีเ่งยีบ 
การพดูคุยธรรมดา  
เครื่องดดูฝุน่ 
โรงงานทัว่ไป/ถนนที่มี
การจราจรหนาแน่น 
เครื่องเสียงสเตอริโอใน
ห้อง /เครื่ อง เจาะถนน
แบบอดัลม  
เครื่องตดัหญา้ 
ดิส โ ก้ เ ธค  กา รแสดง
ดนตรรีอ็ค 
ฟ้าผ่าระยะใกล ้
เครื่องบนิไอพ่นก าลงัขึน้
ทีร่ะยะใกล ้
จรวดขนาดใหญ่ที่ก าลัง
ขึน้ทีร่ะยะใกล ้

10 
30 
50 
60 
75 
80 
 
90 
 
 
100 
120 
 
130 
150 
 
180 

แทบจะไม่ไดย้นิ 
เงยีบมาก 
เงยีบ 
ปานกลาง 
ดงั 
ดงั 
 
 
 
 
 
 
 
 
เจบ็ปวดในห ู
 
แกว้หชู ารุดทนัท ี

ตารางท่ี 1.2 ระดบัความเขม้เสยีงจากแหล่งก าเนิด
เสยีงต่าง ๆ 

 

 เมื่อเราอยู่ใกล้บริเวณที่ก าลังมีการ
ตอกเสาเขม็หรอืมกีารขุดเจาะถนนดว้ยเครื่อง
เจาะหรือบริเวณโรงงานอุตสาหกรรมที่มี
เครื่องจกัรขนาดใหญ่ หรือแม้แต่ในบริเวณ
สนามบนิ เสยีงที่เกดิขึน้ในบรเิวณเหล่านี้ จะ
เป็นเสยีงที่มรีะดบัความเขม้เสยีงสูง เรยีกว่า
เป็นมลภาวะของเสยีง ถ้าหูรบัฟงัเสยีงเหล่าน้ี
ตดิต่อกนันาน ๆ จะท าให้สภาพหูและสภาพ
จติใจของผู้ฟงัผดิปกตไิด้ ดงันัน้ผู้ที่ท างานใน
บรเิวณที่มรีะดบัความเขม้เสยีงสูง จงึต้องมทีี่

ครอบหูหรอืวสัดุเก็บเสยีง เพื่อช่วยลดระดบั
ความเขม้เสยีงใหห้ปูลอดภยั 
 

คณุภาพเสียง  
 แหล่งก าเนิดเสยีงต่างกนั อาจใหเ้สยีง
ที่มรีะดบัเสยีงเดยีวกนั เช่น ซอด้วงและขลุ่ย
เล่นโน้ตเดยีวกนัจะใหเ้สยีงทีม่คีวามถี่เดยีวกนั 
แต่เราสามารถแยกออกได้ว่า เสียงใดเป็น
เสยีงซอดว้ง และเสยีงใดเป็นเสยีงขลุ่ย แสดง
ว่านอกจากระดบัเสยีงแล้ว จะต้องมปีจัจยัอื่น
อีกที่ท าให้ได้ยินเสียงแตกต่างกัน จนเรา
สามารถแยกประเภทของแหล่งที่ให้ก าเนิด
เสยีงนัน้ ๆ ได ้ 
 เ มื่ อ พิ จ า ร ณ า ค ลื่ น เ สี ย ง จ า ก
แหล่งก าเนิดเสียงที่มีความถี่ เดียว กราฟ
ระหว่างความดนักบัต าแหน่งต่าง ๆ ตามแนว
การเคลื่อนทีข่องเสยีงเป็นดงัรปู 1.3-1.4 

 
รปูท่ี 1.3 กราฟแสดงความสมัพนัธร์ะหว่างความดนั
ของอากาศกบัระยะทางเมื่อคลื่นเสยีงความถี่เดยีว
เคลื่อนทีผ่่าน 

รับฟังบ่อย ๆ การได้
ยนิจะเส่ือมอยา่งถาวร 

ไม่สบายหู 
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คุณภาพเสยีงของแหล่งก าเนิดต่างชนิดกนั
จะแตกต่างกนั ทัง้นี้เนื่องจาก โครงสร้างและขนาด
ของแหล่งก าเนิดเสียงแตกต่างกัน เครื่องดนตรี
ประเภทเครื่องสายที่สายท าด้วยโลหะจะมีเสียง
แหลมกว่าสายที่ท าด้วยเอ็นหรือด้าย ความตึงที่
ต่างกนัของสายกม็ผีลต่อเสยีงทีส่ง่ออกมา โครงสรา้ง 
รปูร่างและขนาดของสว่นประกอบเครื่องดนตรทีีเ่ป็น
โพรงอากาศ เช่น กะโหลกของซอ กล่องไม้ของ
กตีารโ์ปร่ง เป็นตน้ กม็ผีลต่อเสยีงทีเ่กดิขึน้  

ถ้าคลื่นเสียงจากแหล่งก าเนิดเสียง
สองแหล่งที่มคีวามถี่  กบั 2 แต่มแีอมพลิ
จูดเท่ากนัซ้อนทบักันผลที่เกิดขึ้น จะเป็นดงั
รูป1.5ก ถ้าคลื่นเสียงจากแหล่งก าเนิดสอง
แหล่งมีความถี่  กับ 2 แต่มีแอมพลิจูด
ต่างกนั ผลรวมจะเป็นดงัรปู 1.5ข ถ้าคลื่นจาก
แหล่งก าเนิดสามแหล่งที่มคีวามถี่  กบั 2 
และ 3  และมแีอมพลจิูดต่างกนั รวมกนัผล
จะเป็นดงัรปู 1.5ค 

 
รูปท่ี 1.5 แสดงการซ้อนทบัระหว่างคลื่นเสยีงจาก
แหล่งก าเนิดทีม่คีวามถีแ่ละแอมพลจิดูต่าง ๆ   
     

 ในท านองเดยีวกนั ถ้าคลื่นเสยีงจาก
แหล่งก าเนิดเสยีงหลาย ๆ แหล่งที่มคีวามถี ่
, 2 และ 3, . . . ,  n  ซอ้นทบักนั  โดย
แอมพลิจูดหรือความเข้มของเสียงแต่ละ
ความถี่แตกต่างกนั  ผลการซ้อนทบัของคลื่น
เสียงจะมีลักษณะเฉพาะตัวที่แตกต่างกัน  
ทัง้นี้ขึน้อยู่กบัความถี่และความเข้มของเสยีง
แต่ละความถี ่  
 ตามปกตขิณะทีส่ายไวโอลนิสัน่  จะมี
เสยีงซึ่งมคีวามถี่ , 2 และ 3, . . . ,  n 
เกิดพร้อมกัน โดยเสียงแต่ละความถี่จะมี
ความเข้มเสียงแตกต่างกัน คลื่นเสียงจาก
ไวโอลนิจะมคีวามสมัพนัธร์ะหว่างความดนักบั

รูปท่ี 1.4 กราฟแสดงความสมัพนัธ์ระหว่างความดนัของ
อากาศกบัความถีเ่ดยีวของคลื่นเสยีง 
 

ก .   ก า ร ซ้ อ น ทั บ
ระหว่างคล่ืนเสียงจาก
แห ล่ ง มี ค ว า ม ถ่ี     
และ  2  และแอมพลิ
จูดเท่ากนั 

ข .   ก า ร ซ้ อ น ทั บ
ระหว่างคล่ืนเสียงจาก
แหล่งก าเนิดท่ีแอมพลิ
จูดต่างกนั 

ค .   ก า ร ซ้ อนทับ
ระหว่างคล่ืนก าเนิด
ท่ีมีความถ่ี    , 2  
และ  3  และแอม
พลิจูดต่างกนั 
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ต าแหน่งต่าง ๆ  ตามแนวการเคลื่อนที่ของ
คลื่นเสยีงดงักราฟในรปู  1.6 ก 
 

                        

                  
รูปท่ี 1.6 กราฟที่แสดงความสมัพนัธ์ระหว่างความ
ดนักบัต าแหน่งของคลื่นเสยีงจากไวโอลนิและซอดว้ง 
  

เ สีย ง จ ากซอด้ ว งก็ เ ช่ น กัน   จ ะ
ประกอบดว้ยเสยีงทีม่คีวามถี ่, 2 และ 3, 
. . . , n  เกิดขึ้นพร้อมกัน  โดยความเข้ม
เสยีงแต่ละความถี่แตกต่างกนั  คลื่นเสยีงจาก
ซอดว้งจะมคีวามสมัพนัธร์ะหว่างความดนักบั
ต าแหน่งต่าง ๆ  ตามแนวการเคลื่อนที่ของ
คลื่น  จะเห็นได้ชดัว่าลกัษณะคลื่นเสียงจาก
ซอด้วงแตกต่างจากลักษณะคลื่นเสียงจาก
ไวโอลนิ 
 ความถี่ต ่ าสุดของเสียงที่ออกจาก
แหล่งก าเนิดเสยีงใด ๆ เรยีกว่า ความถี่มูล
ฐาน (Fundamental frequency) ของ
แหล่งก าเนิดนั ้น ส าหรับความถี่อื่น ๆ ที่
เกิดขึ้นพร้อมกับความถี่มูลฐานแต่มคีวามถี่
เป็นจ านวนเต็มเท่าของความถี่มูลฐาน เรา

เรยีกว่า ฮารม์อนิก (Harmonic) ของความถี่
มูลฐาน เช่น ความถี่ของเสียงสูงเป็น 2 เท่า
ของความถี่มูลฐาน เรยีกว่า ฮารม์อนิกท่ี 2 
ความถี่ของเสียงที่สูงเป็น 3 เท่าของความถี่
มลูฐาน เรยีกว่า ฮารม์อนิกท่ี 3 เป็นตน้ 
 แหล่งก าเนิดเสยีงต่าง ๆ ขณะสัน่ จะ
ใหเ้สยีงซึง่มคีวามถี่มูลฐานและฮารม์อนิกต่าง 
ๆ ออกมาพรอ้มกนัเสมอ แต่จ านวนฮารม์อนิก
และความเข้มเสียงจะแตกต่างกัน ท าให้
ลกัษณะของคลื่นเสียงที่ออกมาแตกต่างกัน  
ส าหรบัแหล่งก าเนิดเสยีงที่ต่างกนั จะใหเ้สียง
ทีม่ลีกัษณะเฉพาะตวัหรอืที่เรยีกว่า คณุภาพ
เสียง (Quality of sound) ต่างกนันัน่เอง 
คุณภาพเสยีงช่วยใหเ้ราสามารถแยกประเภท
ของแหล่งก าเนิดเสยีงได ้

 
ก. รปูคลื่นเสยีงของขลุ่ยไทย                                           

 
ข. รปูคลื่นเสยีงของขลุ่ยสากล        

 

ก. ไวโอลนิ                                              

ข. ซอด้วง 



204 
 

 

ค. รปูคลื่นเสยีงระนาดไมไ้ผ่  

 
ง. รปูคลื่นเสยีงคนพดูค าว่า ‚เอ‛ 

 
จ. รปูคลื่นเสยีงของทรมัเปต 

รปูท่ี  1.7 ก-จ แสดงคุณภาพเสยีงจากแหล่งก าเนิด
เสยีงต่างๆ 
  

 การเกดิเสยีงทีแ่ตกต่างกนัของมนุษย์
ก ็เช่นเดยีวกนั เส้นเสยีง กล่องเสยีงในล าคอ 
โพรงอากาศ ในปากของคนแ ต่ละคนมี
โครงสรา้งและขนาดแตกต่างกนั เมื่อคนออก
เสยีงเดยีวกนั เสน้เสยีงจะสัน่ดว้ยความถี่หลกั
เหมอืนกนั แต่ความถี่ประกอบทีส่ ัน่แลว้ท าให้
เกดิเรโซแนนซก์บักล่องเสยีงและโพรงอากาศ
ของแต่ละคนจะแตกต่างกนั จงึมผีลท าใหเ้สยีง
ของคนไมเ่หมอืนกนั 
 

ความถ่ีธรรมชาติ  
วตัถุทุกชนิดไม่ว่าของแขง็ ของเหลว

หรอืแกส็มคีวามถีใ่นการสัน่เฉพาะตวั เรยีกว่า
ความถี่ธรรมชาติ(Natural Frequency) 
หมายถงึ ความถี่ในการสัน่หรอืแกว่งของวตัถุ
ที่ส ัน่หรือแกว่งอย่างอิสระ เป็นสมบัติ

เฉพาะตัว โดยวตัถุส่วนใหญ่มกัจะมคีวามถี่
ธรรมชาตไิดห้ลายค่า  

วัตถุต่าง ๆ ที่ถูกตรึง เช่น สะพาน
แขวน ชงิชา้ ลูกตุ้มที่แขวนเชอืก สายไฟที่ขงึ
บนเสา เมื่อถูกแรงแล้วปล่อยให้แกว่ง ชงิช้า
และลูกตุ้มถูกผลกั สายไฟถูกลมแรงพดั หรอื
แม้แต่ตึกขนาดใหญ่ก็สามารถสัน่ได้เมื่อเกิด
แผ่นดนิไหว สายของจะเข้ถูกขงึ เมื่อถูกดีด
บริเวณตรงกลาง สายของจะเข้จะสัน่ด้วย
ความถี่ธรรมชาติ ซึ่งมคี่าเท่ากับความถี่มูล
ฐาน 
 

 
รปูท่ี 1.8 วนัที ่1 กรกฎาคม พ.ศ. 2483 สะพาน 
Tacoma Narrows Bridge ที ่Puget Sound รฐั
วอชิงตัน สหรัฐอเมริกา เปิดให้รถแล่นได้ แต่
หลงัจากนัน้เพยีง 4 เดอืนสะพานกพ็งัลงดว้ยแรงลม
ทีม่คีวามถีเ่ท่ากบัความถีธ่รรมชาตขิองสะพาน 
  

 ค่าความถี่ โดยทัว่ ไปจะขึ้นอยู่กับ
อตัราเรว็และความยาวคลื่น การเปลีย่นแปลง
ของอัตราเร็วและความยาวคลื่นจะส่งผลต่อ
ความถี่ธรรมชาต ิหน้าที่ของนักดนตรคีอืการ
ควบคุมตัวแปรเหล่านี้  เพื่อที่จะถ่ายทอด
เสียงดนตรีจากเครื่องดนตร ีให้มคี่าความถี่
ไพเราะตามทีก่ าหนด ยกตวัอย่างเครื่องดนตรี
ไทย จะเข้ จะเขเ้ป็นเครื่องดนตรทีีม่ ี3 สาย 
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แต่ละสายมคี่าความหนาแน่นเชงิเส้น (Linear 
density) ต่างกนั ขึน้อยู่กบัความหนา ความ
ยาวของสายและแรงตงึ (Tension) ของสายที่
ขงึ การเปลีย่นแปลงสมบตัเิหล่านี้ มผีลต่อต่อ
ความถี่ธรรมชาติของสายจะเข้แต่ละสาย 
สดัส่วนการสัน่ของสายจะเขส้ามารถท าใหส้ัน้
ลงไดโ้ดยการกดลงไปทีน่ม (frets) ซึง่จะเขม้ี
ทัง้หมด 11 นมบริเวณคอของจะเข้ การ
เปลีย่นค่าความยาวของสายโดยการกดลงไป
ทีน่มของจะเขน้ี้จะมผีลต่อความยาวของคลื่น
และค่าความถี่ธรรมชาตทิีเ่กดิจากการสัน่ของ
สายจะเข ้การควบคุมอตัราเรว็และความยาว
คลื่นนี้ ท าให้นักดนตรไีทยสามารถถ่ายทอด
เสยีงเพลงไดไ้พเราะตามทีต่ ัง้ใจไว ้
 ส าหรบัเครื่องดนตรทีี่เป็นเครื่องลม 
(Wind Instrument) ที่มลีกัษณะเป็นท่อ
ทรงกระบอกได้แก่ ขลุ่ย ป่ี ท่อทรงกระบอก
ของ เค รื่ อ งดนตรีป ร ะ เภทนี้  ท าห น้ าที่
เหมือนกับภาชนะที่บรรจุอากาศ อากาศ
ภายในท่อจะถูกท าให้เกดิการสัน่เนื่องมาจาก
ลิน้ของเครื่องดนตร ี(Reed) หรอืการสัน่ของ
ริมฝีปากของนักดนตรีที่ต้านกับหลอดลม 
อัตราเร็วของคลื่นเสียงภายในท่ออากาศไม่
เกิดการ เปลี่ยนแปลงจากนักดนตรี แ ต่
อัต รา เ ร็ว ส ามารถ เปลี่ ยนได้ เ นื่ อ งจ าก
อุณหภูมิห้องในขณะนัน้ ความยาวของท่อ
อากาศในกรณีของขลุ่ย เปลี่ยนแปลงได้โดย
การกดที่รูเพื่อเปลี่ยนระดบัเสยีงของตวัโน้ต 
ซึ่งส่งผลโดยตรงต่อความยาวคลื่นของคลื่น
เสยีงที่ออกมาจากขลุ่ย เมื่อความยาวคลื่น
เปลี่ยนมผีลท าใหค้่าความถี่เปลี่ยนแปลงด้วย 
ดังนั ้น ความถี่ธรรมชาติของเครื่องดนตรี
ประเภทเครื่องลม ขึน้อยู่กบัความยาวของท่อ
อากาศของเครื่องดนตรชีนิดนัน้ ๆ ท่ออากาศ

ทีม่ขีนาดสัน้กว่าเสยีงจะมคีวามยาวคลื่นทีส่ ัน้
กว่าและความถี่ที่สูงกว่าเมื่อเปรยีบเทยีบกบั
ท่ออากาศทีม่คีวามยาวมากกว่า และหลกัการ
นี้สามารถประยุกต์ใชก้บัเครื่องดนตรปีระเภท
เครื่องลมทุกชนิดทัง้ดนตรีไทยและดนตรี
สากล 

 
การสัน่พ้องของเสียง  

กา รสั น่ พ้ อ ง ขอ ง เ สีย ง  ห รือ  เ ร
โซแนนซ์(Resonance) เป็นปรากฏการณ์ที่มี
แรงกระท าให้วตัถุสัน่หรอืแกว่ง โดยความถี่
ของแรงที่ท าให้วัตถุสัน่หรือแกว่งเท่ากับ
ความถี่ธรรมชาติของวตัถุนัน้ ในกรณีที่เกิด
การสัน่พ้องนี้การสัน่ของวตัถุจะมแีอมพลจิูด
ของการสัน่มากที่สุดเมื่อเทยีบกบัการสัน่ด้วย
ความถีอ่ื่น ๆ  
 อ นุภาคขอ งอ ากาศ ใ นหลอด เ ร
โซแนนซ์ถูกบงัคบัให้สัน่ด้วยความถี่ของเสยีง
จากล าโพง การเลื่อนลูกสูบไปจนกระทัง่
ลูกสูบอยู่ ณ ต าแหน่งหนึ่ง จะท าให้ได้ยิน
เสียงดังที่สุด ณ ต าแหน่งนี้  อนุภาคของ
อากาศภายในหลอดจะสัน่มากที่สุด จงึได้ยนิ
เสียงดังที่สุด การที่ เ ป็นเช่นนี้  เนื่ องจาก
ความถี่ของเสียงจากล าโพงมีค่าเท่ากันกับ
ความถี่ธรรมชาตขิองล าอากาศในหลอดพอด ี
ปรากฏการณ์ที่เกิดขึ้นนี้เรยีกว่า การสัน่พ้อง
ของเสยีง  
 การเคลื่อนทีข่องคลื่นเสยีงในหลอดเร
โซแนนซ์ในขณะที่เกิดการสัน่พ้อง จะมกีาร
แทรกสอดระหว่างคลื่นเสียงจากล าโพงและ
เสียงที่สะท้อนจากลูกสูบ เมื่อเลื่อนลูกสูบ
ออกไประยะทางระหว่างต าแหน่งถดักนัของ
ลกูสบูเมือ่ไดย้นิเสยีงดงัทีสุ่ดสองครัง้จะเท่ากบั
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ครึง่หนึ่งของความยาวคลื่นเสยีง ขณะเกดิการ
สัน่พ้องของเสยีงในหลอดเรโซแนนซ์ จะเกิด
การซ้อนทบัระหว่างคลื่นเสยีงในหลอดท าให้
เกดิคลื่นน่ิง (Standing Wave)  

คลื่นนิ่ง เป็นปรากฏการณ์การแทรก
สอดที่เกิดจากการซ้อนทบัระหว่างคลื่นสอง
คลื่นทีเ่คลื่อนสวนทางกนั โดยที่คลื่นทัง้สองมี
ความถี่ ความยาวคลื่นและแอมพลจิูดเท่ากนั 
ท าให้เกิดปรากฏการณ์การแทรกสอดที่มี
ลกัษณะเป็นคลื่นนิ่งโดย เราจะได้ยนิเสยีงดงั
และค่อย ต าแหน่งที่ได้ยนิเสยีงดงั แสดงว่า มี
การแทรกสอดแบบเสรมิ ส่วนต าแหน่งทีไ่ดย้นิ
เสียงค่อย แสดงว่ามีการแทรกสอดแบบ
หกัลา้ง  

จากการศึกษาคลื่นนิ่งของเสียงใน
หลอดเรโซแนนซ์ขณะที่เกิดการสัน่พ้องของ
เสยีงภายในหลอด โมเลกุลของอากาศทีอ่ยู่ตดิ
กับลูกสูบจะไม่เคลื่อนที่ ส่วนโมเลกุลของ
อากาศที่บริเวณปากหลอดจะสัน่ออกจาก
ต าแหน่งเดิมมากที่สุด นัน่คือมีการกระจัด
สูงสุดเท่ากบัแอมพลจิูดของคลื่นเสยีงที่ได้ยนิ 
ดงัรปูที ่1.9 

 
 รูปท่ี 1.9 แสดงการสัน่พ้องของเสยีงในหลอดเร
โซแนนซป์ลายปิดและปลายเปิด  
 

 
 
 
 
 
 
 
 

บตีสข์องเสียง 
 เสียงที่ได้ยินจากแหล่งก าเนิดเสียง
แหล่ ง เ ดีย ว  จ ะ เ ป็น เ สีย งดัง สม ่ า เ สมอ
ต่อเนื่องกนั ส่วนเสยีงทีไ่ดย้นิจากแหล่งก าเนิด
เสยีงสองแหล่งที่มคีวามถี่ต่างกนัเลก็น้อยจะ
เป็นเสยีงที่ดงัและค่อยสลบักนัเป็นจงัหวะคง
ตวั ซึ่งเรยีกว่า บีตส์ของเสียง บตีส์เกดิจาก
ก า ร ซ้ อ น ทั บ ร ะ ห ว่ า ง ค ลื่ น เ สี ย ง จ า ก
แหล่งก าเนิด 2 แหล่งทีม่คีวามถี่ไม่เท่ากนั ถ้า
ความถี่ของเสียงจากแหล่งก าเนิดทัง้สอง
ต่างกันเล็กน้อย เสียงบีตส์ที่ได้ยินจะเป็น
จังหวะช้า ๆ แต่ถ้าความถี่ของเสียงจาก
แหล่งก าเนิดทัง้สองต่างกันมาก เสยีงบตีส์ที่
ได้ยนิจะเป็นจงัหวะเรว็ขึ้นดงัรูปที่ 1.10 โดย
ปกตหิูเราจะสามารถจ าแนกเสยีงบตีสท์ีไ่ดย้นิ
เป็นจงัหวะทีม่คีวามถีไ่มเ่กนิ 7 เฮริตซ ์

ความถี่บีตส์ จะเท่ากับ จ านวนครัง้
ของเสียงดังที่ได้ยินในหนึ่งวินาที ซึ่งหาได้
จากผลต่างของความถีข่องคลื่นเสยีงทัง้สอง  
 

ความถีบ่ตีส ์= 12 fff   

รปูท่ี 1.10 การซอ้นทบัระหว่างคลื่นจากแหล่งก าเนิด 2 
แหล่งเป็นผลใหเ้กดิบตีสข์องเสยีง 



207 
 

 

 บี ต ส์ ไ ม่ จ า เ ป็ น ต้ อ ง เ กิ ด จ า ก
แหล่งก าเนิดเสยีงประเภทเดยีวกนัเท่านัน้ แต่
อาจเกดิจากแหล่งก าเนิดเสยีงคนละประเภทก็
ได้ ในชวีติประจ าวนัที่อาจพบเหน็ได้แก่ การ
ปรบัเสยีงเทยีบเสยีงของเครื่องดนตรชีนิดต่าง 
ๆ เช่น ซอด้วง โดยเทียบเสียงกับเสียงของ
ขลุ่ยเพยีงออ สายเอกของซอด้วงสีเทยีบกับ
โน้ตเร (D ของโน้ตสากล) และสายทุม้ของซอ
ดว้งสเีทยีบกบัโน้ตซอล (G) ของขลุ่ยเพยีงออ 
ขณะที่ความถี่ของเสียงซอด้วงยงัไม่เท่ากับ
ความถีข่องเสยีงจากขลุ่ยเพยีงออ เราจะไดย้นิ
เสยีงบตีส ์จนกระทัง่เมือ่ปรบัความตงึของสาย
ได้พอเหมาะ คอืให้การสัน่ของสายซอด้วงมี
ความถี่เท่ากับความถี่ของเสียงเร และซอ
ลของขลุ่ยเพยีงออแล้วเสยีงบตีส์ที่ได้ยนิก็จะ
หายไป 
 เสยีงเป็นความรู้ทางฟิสกิส์ที่ส าคญัที่
ทุกคนควรรู้เพราะเสียงเกี่ยวข้องแทบจะทุก
เรื่องในชีวิตประจ าวันของเรา ไม่ว่าจะเป็น
เ รื่ อ งของการได้ยิน  การติด ต่ อสื่ อ สา ร 
เสียงดนตร ีมีประโยชน์ในหลายด้าน ได้แก่ 
การออกแบบอาคาร การสร้างเครื่องมือ
วทิยาศาสตร์เพื่อหาระยะทาง รวมไปถงึด้าน
การแพทย์ เป็นต้น เสยีงเป็นคลื่นตามยาวที่
ต้องอาศยัตวักลางในการเคลื่อนที่ อตัราเร็ว
ของเสยีงในอากาศมคีวามสมัพนัธก์บัอุณหภูมิ
ของอากาศ คลื่นเสียงเคลื่อนที่ผ่านอากาศ
รอ้นได้เร็วกว่าอากาศเยน็ เสยีงเกิดจากการ
สัน่ของวตัถุทีเ่ป็นแหล่งก าเนิดเสยีงและในการ
ท าใหว้ตัถุสัน่จ าเป็นตอ้งใชพ้ลงังาน การไดย้นิ
เสียงของคนเรา ขึ้นอยู่กับความเข้มเสียง 
ระดับความเข้มเสียงและความถี่ของเสียง 
ความถี่ของเสยีงที่หูคนปกตไิด้ยนิมคี่าตัง้แต่ 
20 ถงึ 20,000 เฮริตซ ์ถงึแมว้่าเราจะไดย้นิ

เสยีงซอด้วงและขลุ่ยเล่นโน้ตเดยีวกนัใหเ้สยีง
ทีม่คีวามถี่เดยีวกนัแต่เนื่องจากคุณภาพเสยีง
ต่างกัน ท าให้เราสามารถแยกเสียงของซอ
ดว้งออกจากเสยีงขลุ่ยได ้การประยุกต์ความรู้
เรือ่งเสยีงใหเ้ขา้กบัสิง่ใกลต้วัของเรา ในทีน่ี้คอื 
เครื่องดนตรไีทย ท าใหเ้ราสามารถเขา้ใจเรื่อง
เสยีงไดด้ขีึน้เนื่องจากเครื่องดนตรไีทยเป็นสิง่
ที่คนไทยคุ้นเคยมาตัง้แต่อดีตจนถึงปจัจุบนั 
ในบทต่อไปจะกล่าวถึง ความรู้ เบื้องต้น
เกี่ยวกับดนตรีไทย เพื่อให้ผู้เรียนสามารถ
มองเห็นภาพได้ชดัมากยิง่ขึ้นในการที่เราจะ
ประยุกต์ความรูเ้รื่องเสยีงกบัเครื่องดนตรไีทย
ซึง่ถอืว่าเป็นมรดกของชาตไิทย 
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แผนการจดัการเรียนรู้ท่ี 1 
กลุ่มสาระการเรยีนรูว้ทิยาศาสตร ์  รายวชิาวทิยาศาสตรเ์รือ่งเสยีงในเครือ่งดนตรไีทย  
ชัน้ มธัยมศกึษาปีที ่4-6          ภาคเรยีนที2่ ปีการศกึษา 2553  
ชื่อหน่วยการเรยีนรู ้เสยีงนัน้ส าคญัไฉน         เวลา 4 ชัว่โมง  
 
มาตรฐานการเรียนรู้  

มาตรฐาน ว๕.๑ เข้าใจความสมัพนัธ์ระหว่างพลงังานกบัการด ารงชีวิต การเปลี่ยนรูป
พลงังาน ปฏิสมัพนัธ์ระหว่างสารและพลงังาน ผลของการใช้พลงังานต่อชีวติและสิ่งแวดล้อม มี
กระบวนการสบืเสาะหาความรู ้สื่อสารสิง่ทีเ่รยีนรูแ้ละน าความรูไ้ปใชป้ระโยชน์ 

มาตรฐาน ว ๘.๑ ใชก้ระบวนการทางวทิยาศาสตร ์และจติวทิยาศาสตร์ ในการสบืเสาะหา
ความรู ้ การแก้ปญัหา รูว้่าปรากฏการณ์ทางธรรมชาตทิี่เกดิขึ้นส่วนใหญ่ มรีูปแบบที่แน่นอน 
สามารถอธบิาย และตรวจสอบไดภ้ายใต้ขอ้มูล และเครื่องมอืทีม่อียู่ในช่วงเวลานัน้ ๆ เขา้ใจว่า 
วทิยาศาสตร ์เทคโนโลย ีสงัคม และสิง่แวดลอ้ม มคีวามเกีย่วขอ้งสมัพนัธก์นั 
ตวัช้ีวดั  
 ว๕.๑ ม.๔-๖/๑, ว๕.๑ ม.๔-๖/๒, ว๕.๑ ม.๔-๖/๓ 
 ว๘.๑ ม.๔-๖/๑-๑๒ 
ผลการเรียนรู้ท่ีคาดหวงั 

1. อธบิายการเกดิของคลื่นเสยีงได ้

2. สามารถบอกองคป์ระกอบของคลื่น ความสมัพนัธร์ะหว่างความถี ่ความยาวคลื่นและ
อตัราเรว็ได ้

3. อธบิายความแตกต่างของคลื่นตามยาวและคลื่นตามขวางได้ 
4. ยกตวัอยา่งเสยีงต่าง ๆ ทีไ่ดย้นิในชวีติประจ าวนัได้ 
5. บอกความแตกต่างของระดบัเสยีงทุม้กบัระดบัเสยีงแหลมได้ 
6. จ าแนกคุณภาพของเสยีงจากเสยีงของเครือ่งดนตรต่ีางชนิดกนัได้ 
7. ท างานแบบรว่มมอืรว่มใจรว่มคดิได้ 

 
สาระส าคญั  

ความรูเ้บือ้งตน้เกี่ยวกบัเรือ่งเสยีง ไดแ้ก่ ธรรมชาตขิองเสยีง อตัราเรว็เสยีง ความเขม้เสยีง 
ความถีเ่สยีง ความยาวคลื่นเสยีง การไดย้นิเสยีง คุณภาพของเสยีง ในเครือ่งดนตรทีัง้ไทยและสากล  

เสียงเกิดจากการสัน่สะเทือนของวตัถุ โดยพลงังานที่ท าให้วตัถุสัน่จะท าให้โมเลกุลของ
อากาศที่อยู่รอบวตัถุสัน่ตามและจะถ่ายโอนพลงังานให้กบัโมเลกุลของอากาศที่อยู่ถดัไป ส่งผลให้
คลื่นเสยีงเคลื่อนทีอ่อกจากแหล่งก าเนิดเสยีงมายงัหู ท าใหเ้ราสามารถไดย้นิเสยีงต่าง ๆ มากมาย 
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เช่น เสยีงพูดคุย เสยีงดนตร ีเสยีงร้องเพลง เป็นต้น คลื่นเสยีงจะเคลื่อนที่ได้ต้องอาศัยตวักลาง 
สุญญากาศไมม่อีนุภาคตวักลางทีจ่ะถ่ายโอนพลงังานของเสยีง เสยีงจงึเคลื่อนทีผ่่านสุญญากาศไมไ่ด้ 

ธรรมชาตขิองเสยีงประกอบดว้ย ระดบัเสยีง ความดงั และคุณภาพเสยีง 
- ระดบัเสียงมคี่าขึ้นอยู่กบัความถี่ของเสยีง โดยเสียงที่มคีวามถี่มาก เรยีกว่า เสยีงแหลม 

และเสยีงทีม่คีวามถีน้่อย เรยีกว่า เสยีงทุม้ 
- ความดงัของเสียง คอื ค่าทีบ่่งบอกระดบัพลงังานของเสยีง และพลงังานของเสยีงทีต่กตัง้

ฉากบนหนึ่งหน่วยพืน้ที่ในหนึ่งหน่วยเวลา เรยีกว่า ความเขม้เสยีง เนื่องจากเสยีงทีไ่ดย้นิมี
ช่วงความเข้มเสียงที่กว้างซึ่งไม่สะดวกในการใช้หรอือ้างอิง ความดงัจงึถูกวดัเป็นระดบั
ความเขม้เสยีง  (sound intensity level) โดยก าหนดให ้ระดบัความเขม้เสยีง 0 เดซเิบล คอื
เสยีงทีค่่อยทีสุ่ดทีเ่ริม่ไดย้นิ และระดบัความเขม้เสยีง 120 เดซเิบล คอื เสยีงทีด่งัทีสุ่ดทีไ่ม่
เป็นอนัตรายต่อห ู

- คณุภาพของเสียง หมายถงึ ลกัษณะเฉพาะตวัของเสยีงนัน้ๆ เช่น เสยีงจากขลุ่ยและเสยีง
จากแคนที่มาจากโน้ตตวัเดยีวกนัแต่มเีสยีงแตกต่างกนั เพราะเสยีงทัง้สองมคีุณภาพของ
เสยีงแตกต่างกนั 

กิจกรรมการเรียนรู้  
การจดักิจกรรมการเรียนรู้คร ัง้ท่ี 1 (เวลา 2 ชัว่โมง) 

1. การสร้างความสนใจ (Engagement) 
1.1 ครูท าการเคาะส้อมเสียง จากนั้นน าส้อมเสียงท่ีถูกเคาะแล้วมีเสียงดังไปสัมผสัท่ีแขนของ

นกัเรียน จากนั้นนกัเรียนตอบค าถามต่อไปน้ี 

- นกัเรียนมีความรู้สึกอยา่งไรเม่ือไดส้ัมผสักบัส้อมเสียงท่ีถูกเคาะ(ส้อมเสียงมีการสั่น) 
2. การส ารวจและค้นหา (Exploration) 
2.1 ครูให้นกัเรียนออกเสียงเป็นค าพูด จากนั้นให้นกัเรียนน ามือมาสัมผสัท่ีบริเวณล าคอของตนเอง 

จากนั้นนกัเรียนตอบค าถามต่อไปน้ี 

- นกัเรียนมีความรู้สึกอยา่งไรเม่ือน ามือไปสัมผสัคอตอนท่ีพดู (ท่ีบริเวณล าคอเกิดการสั่น) 
3. การอธิบาย (Explanation) 
3.1 นักเรยีนและครรู่วมกนัอธบิายได้ว่า เสยีงเกดิจากการสัน่ของวตัถุโดยพลงังานที่ท าใหว้ตัถุ

สัน่จะท าให้โมเลกุลของอากาศที่อยู่รอบวตัถุสัน่ตามและจะถ่ายโอนพลงังานให้กบัโมเลกุล
ของอากาศที่อยู่ถดัไป ส่งผลใหค้ลื่นเสยีงเคลื่อนทีอ่อกจากแหล่งก าเนิดเสยีงมายงัหู  ท าให้
เราสามารถไดย้นิเสยีงต่าง ๆ มากมาย 

4. การขยายความรู้ (Elaboration) 
4.1 ครูยกตวัอย่างเครื่องดนตรไีทย 2-3 ชนิด ได้แก่ ซอด้วง ระนาด ตะโพน โดยสาธติจาก

เครื่องดนตรจีรงิ โดยให้นักเรยีนท าใหเ้ครื่องดนตรเีหล่านี้ใหเ้กดิเสยีง และระบุต าแหน่งบน
เครือ่งดนตรทีีเ่กดิการสัน่ นกัเรยีนอธบิายการเกดิเสยีงของเครือ่งดนตรไีทยแต่ละชนิด  



 

210 
 

 

4.2 นกัเรียนแบ่งกลุ่มออกเป็น 7 กลุ่ม โดยใชก้ารไล่เสียงของตวัโนต้ 7 เสียง คือ โด เร มี ฟา ซอล 
ลา ที แลว้ร่วมกนัระดมสมองท าใบงานท่ี 1 เสียงนั้นเป็นไฉน โดยเติมค าตอบลงในขอ้ 1 และ 2 

4.3 นกัเรียนแต่ละกลุ่มท ากิจกรรม เร่ืองคนเห็นเสียง โดยใหมี้การแบ่งงานและเรียนรู้แบบร่วมมือ  
5. การประเมินผล (Evaluation) 
5.1 ครูสงัเกตการมสี่วนร่วมในชัน้เรยีนของนักเรยีนโดยภาพรวม เช่น การซกัถาม การตอบ

ค าถาม การรว่มท ากจิกรรมและการอภปิราย  โดยการท าบนัทกึหลงัการสอน 
5.2 ตรวจจากใบงานที ่1 เรือ่ง เสยีงนัน้เป็นไฉน ขอ้ 1 และ 2 
5.3 นักเรยีนแต่ละกลุ่มน าเสนอผลการทดลองที่ได้จากกิจกรรมที่ 1 ครูพจิารณาจากความ

ถูกตอ้งของขอ้มลูทีน่ าเสนอและรปูแบบการน าเสนอ 
5.4 ครตูรวจใหค้ะแนนจากคู่มอืนกัเรยีน 

 

การจดักิจกรรมการเรียนรู้คร ัง้ท่ี 2 (เวลา 2 ชัว่โมง) 
1. การสร้างความสนใจ (Engagement) 
1.1 จากนักเรยีนทัง้ 7 กลุ่มครใูหน้ักเรยีนออกเสยีงตวัโน้ตของกลุ่มตวัเอง เพื่อฟงัทีแ่ตกต่างกนั

ในแต่ละตวัโน้ต 
1.2 คร/ูนกัเรยีน สซีอดว้งไล่ระดบัเสยีงของโน้ตโด เร ม ีฟา ซอล ลา ท ีโด จากนัน้นักเรยีนตอบ

ค าถามว่า เสยีง ‘โด’ ตอนแรกและเสยีง ‘โด’ตอนหลงัต่างกนัอย่างไร (ทัง้สองเป็นโน้ตตวั
เดยีวกนั แต่มคีวามทุม้แหลมของเสยีงต่างกนั) 

2. การส ารวจและค้นหา (Exploration) 
2.1 นกัเรยีนลองไล่ระดบัเสยีงของตวัโน้ตในเครือ่งดนตรชีนิดอื่น ๆ เช่น ขลุ่ย 
3. การอธิบาย (Explanation) 
3.1 นักเรยีนและครูร่วมกนัสรุปว่า ระดบัเสยีงขึน้อยู่กบัความถี่ของเสยีง เสยีงสูงเป็นเสยีงที่มี

ความถีม่ากเรยีกว่า เสยีงแหลม ส่วนเสยีงต ่าเป็นเสยีงทีม่คีวามถีน้่อยเรยีกว่า เสยีงทุม้ 
4. การขยายความรู้ (Elaboration) 
1.1 ครูเปิดเพลงท่ีมีเสียงดงัเบาต่างกนั แลว้ให้นกัเรียนอภิปรายวา่เสียงเพลงหรือเสียงดนตรีท่ีมีค่า

ความดงัต่างกนัเป็นผลมาจากอะไร พร้อมทั้งอธิบาย (ความดงัของเสียง คือ ค่าท่ีบ่งบอกระดบั
พลงังานของเสียง และพลงังานของเสียงท่ีตกตั้งฉากบนหน่ึงหน่วยพื้นท่ีในหน่ึงหน่วยเวลา 
เรียกวา่ ความเขม้เสียง) 

1.2 นกัเรียนในกลุ่มอภิปรายเพิ่มเติมวา่ ท าไมเสียงของเคร่ืองดนตรีต่างชนิดกนัถึงให้เสียงต่างกนั 
ส่งตวัแทนอธิบายกลุ่มละ 1 คน (เป็นเพราะคุณภาพของเสยีงนัน้ๆ ต่างกนัเช่น เสยีงจากขลุ่ย
และเสยีงจากแคนทีม่าจากโน้ตตวัเดยีวกนัแต่มเีสยีงแตกต่างกนั) 
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1.3 ครูสรุปอีกคร้ังหน่ึงว่าเสียงเป็นคล่ืนตามยาว จากนั้นให้นักเรียนแต่ละกลุ่มท าใบงานท่ี 2 

Finding and Meaning โดยช่วยกนัสืบคน้ขอ้มูลจากหนงัสือเรียนเพื่อน ามาเติมค าตอบลงใน
ใบงานใหถู้กตอ้งสมบูรณ์ 

5. การประเมินผล (Evaluation) 
5.1 นักเรยีนสรุปเรื่องที่เรยีนมาทัง้หมดลงในใบงานที่ 1 โดยให้นักเรยีนออกแบบ mind map 

ของตนเอง จากนัน้น าใบงานที ่1 ตดิลงสมดุใหเ้รยีบรอ้ยเป็นการบา้น 
5.2 ครูสงัเกตการมสี่วนร่วมในชัน้เรยีนของนักเรยีนโดยภาพรวม เช่น การซกัถาม การตอบ

ค าถาม การรว่มท ากจิกรรมและการอภปิราย  โดยการท าบนัทกึหลงัการสอน 
5.3 ตรวจจากใบงานที ่1 และใบงานที ่2 

ส่ือ อปุกรณ์ และแหล่งการเรียนรู้  
1. ใบงานที ่1 เรือ่ง เสยีงนัน้เป็นไฉน... 
2. ใบงานที ่2 เรือ่ง Finding and Meaning 
3. สอ้มเสยีง 

การวดัและประเมินผลการเรียนรู้  
1. สงัเกตการมสี่วนร่วมในชัน้เรยีน เช่น การซกัถาม การตอบค าถาม การร่วมท ากจิกรรม

และการอภปิราย 

2. ตรวจจากใบงานที ่1 เรือ่ง เสยีงนัน้เป็นไฉน...และใบงานที ่2 Finding and Meaning 

3. พจิารณาจากใบบนัทึกผลกิจกรรม เรื่องคนเห็นเสยีง ครูตรวจให้คะแนนจากคู่มอื
นกัเรยีน 
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ใบงานที ่1 เร่ือง เสียงน้ันเป็นไฉน... 
ค าช้ีแจง นกัเรียนตอบค าถามต่อไปน้ีโดยเขียนอธิบายตามความเขา้ใจของนกัเรียน 

1. ถา้หากวา่เกิดการระเบิดของดวงอาทิตยใ์นอวกาศ นกัเรียนคิดวา่คนท่ีอยู่บนโลกจะไดย้ินเสียง
ระเบิดหรือไม่ เพราะเหตุใด 

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

...................................................................................................................................................... 
2. ชายคนหน่ึงถูกลกัพาตวัไป เขาถูกผา้มดัตา และกกัขงัไวใ้นห้อง เขาจะรู้ไดอ้ยา่งไรวา่ (นกัเรียน

วา่เขาจะไดย้นิเสียงอะไรบา้ง) 
ก). อยูใ่นเมือง 

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

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

............................................................................................................................................... 
ข). อยูน่อกเมือง 

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

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

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

 

สรุปความรู้เร่ืองเสียง 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

ช่ือ.............................................................................. 
ชั้น.....................................เลขท่ี................................ 
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ค าช้ีแจง ใหน้กัเรียนคน้หาค าศพัทจ์ากเร่ืองเสียง พร้อมทั้งบอกค าแปล 
   และความหมายใหถ้กูตอ้ง  
SOUND  REFLECTION   PITCH  

FREQUENCY  HARMONIC    RESONANCE 

REFRACTION  SPEED    WAVELENGTH 

HERTZ   COMPRESSION  RAREFACTION 

INTENSITY  LONGITUDINAL WAVE PERIOD 

 E F L E C T I O N A B Y P Q E V E X A 

Z A H Y P E R B O L A T C R U R K M H P 

U B L O N G I T U D I N A L W A V E P O 

C C D H B A N B C S I R D G E O R T O N 

P R A R P Z E D N N N M E E R T P U E S 

A E E O C I T E A Q A S N S Z M Z P E O 

R F Y A G M T O D D X F M A O S N G I U 

J R G L R N U C F X O W E T F N T I A N 

A A A N I T S M H G L E D W O U A V L D 

B C Z C O M P R E S S I O N K E H N X Y 

T T F I K S E S T H D B F V L G A L C M 

O I I K F R E Q U E N C Y S I H R A W E 

L O N Y E U D U C O A I D A J T M I K H 

X N D M R O J L I M V R T D W I O Q F A 

A Y A T I I R A R E F A C T I O N G L R 

M K O R T S P L O V E Q A C L H I O E H 

E A E T W A V E L E N G T H F R C L M K 

A P A N S A K M B U T R S O N Y G J G S 

 

SOUND =………………………………………………………………………………. 

REFLECTION =……………………………………………………………………….. 

PITCH =………………………………………………………………………………... 

FREQUENCY =………………………………………………………………………... 

HARMONIC =…………………………………………………………………………. 

RESONANCE =………………………………………………………………………... 

REFRACTION =……………………………………………………………………….. 

SPEED =……………………………………………………………………………….. 

WAVELENGTH =……………………………………………………………………... 

HERTZ =……………………………………………………………………………….. 

COMPRESSION =……………………………………………………………………... 

RAREFACTION =……………………………………………………………………... 

INTENSITY =………………………………………………………………………….. 

LONGITUDINAL WAVE =…………………………………………………………... 

PERIOD =........................................................................................................................ 

 

 

ช่ือ.............................................................................. 
ชั้น.....................................เลขท่ี................................ 
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กิจกรรม เรื่อง คนเหน็เสียง…. 
ค าถาม เราสามารถมองเหน็เสยีงไดอ้ย่างไร 
อปุกรณ์การทดลอง 

1. กระป๋องขนาดต่าง ๆ กนัเจาะฝาทัง้สองดา้นออก ประมาณ 3-4 ใบ 
2. ลกูโปง่ 
3. laser pointer 
4. กระจกชิน้เลก็ 
5. กระดาษโปสเตอรส์ดี า 
6. แหล่งก าเนิดเสยีงต่าง ๆ เช่น วทิย ุเครือ่งดนตร ี

วิธีทดลอง จดัอุปกรณ์ดงัรปู  

 
 

1. น ากระป๋องขนาดต่าง ๆ หุม้ปากดา้นหน่ึงดว้ยลกูโปง่ แลว้ตดิกระจกเลก็ ๆ ไวบ้นลกูโปง่  
2. น าเลเซอรพ์อยเตอร ์ฉายไปทีก่ระจกใหส้ะทอ้นทีฉ่ากกระดาษสดี าพอด ี
3. เปิดแหล่งก าเนิดเสยีงต่าง ๆ ได้แก่ เสยีงผู้ชาย ผู้หญิง เสียงดนตร ีเสียงโน้ตดนตรจีาก

เครือ่งดนตร ีสงัเกตลกัษณะของภาพทีป่รากฏบนฉาก  
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บนัทึกกิจกรรม 
 

1. ลกัษณะของเสยีงทีป่รากฏบนฉาก  
แหล่งเสยีงต่างๆ ลกัษณะภาพทีป่รากฏบนฉากเมือ่ใช ้

(วาดตามทีส่งัเกตได)้ 
อธบิายลกัษณะของภาพทีป่รากฏบนฉาก 

เสยีงผูช้ายพดู
ค าว่าสวสัด ี

 
 
 
 
 

 

เสยีงผูห้ญงิพดู
ค าว่าสวสัด ี
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2. จากการทดลอง นกัเรยีนคดิว่าลกัษณะของเสยีงผูช้ายและผูห้ญงิแตกต่างกนัอยา่งไร 
............................................................................................................................................... 
............................................................................................................................................... 

3. ลกัษณะของเสยีงขลุ่ยโน้ตตวัโดสงูและต ่าแตกต่างกนัอย่างไร 
............................................................................................................................................... 
............................................................................................................................................... 

4. ลกัษณะของเสยีงซอดว้งโน้ตตวัโดสงูและต ่าแตกต่างกนัอยา่งไร 
............................................................................................................................................... 
............................................................................................................................................... 

5. ลกัษณะของเสยีงขลุ่ยและเสยีงซอดว้งโน้ตตวัโดต ่าแตกต่างกนัอยา่งไร 
............................................................................................................................................... 
............................................................................................................................................... 

6. นกัเรยีนสามารถแยกเสยีงผูช้ายเสยีงผูห้ญงิ เสยีงสงูเสยีงต ่า เสยีงขลุ่ยเสยีงซอดว้ง ออก
จากกนัไดอ้ยา่งไร 

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

............................................................................................................................................... 
7. ลกูโปง่ทีหุ่ม้ปากกระป๋องอยู่ท าหน้าทีค่ลา้ยกบัอวยัวะส่วนใดในร่างกาย 

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

............................................................................................................................................... 
8. นกัเรยีนจะสรุปผลการทดลองนี้ไดว้่าอยา่งไร 

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

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

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

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

............................................................................................................................................... 
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แบบบนัทึกหลงัการสอน (Teaching Log) 
วิชาท่ีสอน.....................................................................ปีการศึกษา..................... 

วนัท่ีสอน.........../........./............. 
บนัทึกส่ิงท่ีพบ/เกิดขึ้นระหว่างการเรียนการสอน บนัทึกแนวทางการพฒันาในการสอนต่อไป 
ขอ้ด ีขอ้จ ากดั ปญัหา ระหว่างการเรยีนการสอนดา้น

เนื้อหา วธิกีารสอน หรอืผูส้อน 
สิง่ทีค่วรปรบัปรงุ 
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แผนการจดัการเรียนรู้ท่ี 2 
กลุ่มสาระการเรยีนรูว้ทิยาศาสตร ์  รายวชิาวทิยาศาสตรเ์รือ่งเสยีงในเครือ่งดนตรไีทย  
ชัน้ มธัยมศกึษาปีที ่4-6          ภาคเรยีนที ่2 ปีการศกึษา 2553  
ชื่อหน่วยการเรยีนรู ้ความถีธ่รรมชาตแิละการสัน่พอ้งของเสยีง       เวลา 2 ชัว่โมง  
มาตรฐานการเรียนรู้  

มาตรฐาน ว๕.๑ เข้าใจความสมัพนัธ์ระหว่างพลงังานกบัการด ารงชีวิต การเปลี่ยนรูป
พลงังาน ปฏิสมัพนัธ์ระหว่างสารและพลงังาน ผลของการใช้พลงังานต่อชีวติและสิ่งแวดล้อม มี
กระบวนการสบืเสาะหาความรู ้สื่อสารสิง่ทีเ่รยีนรูแ้ละน าความรูไ้ปใชป้ระโยชน์ 

มาตรฐาน ว ๘.๑ ใชก้ระบวนการทางวทิยาศาสตร์ และจติวทิยาศาสตร์ ในการสบืเสาะหา
ความรู ้ การแก้ปญัหา รูว้่าปรากฏการณ์ทางธรรมชาตทิี่เกดิขึ้นส่วนใหญ่ มรีูปแบบที่แน่นอน 
สามารถอธบิาย และตรวจสอบไดภ้ายใต้ขอ้มูล และเครื่องมอืทีม่อียู่ในช่วงเวลานัน้ ๆ เขา้ใจว่า 
วทิยาศาสตร ์เทคโนโลย ีสงัคม และสิง่แวดลอ้ม มคีวามเกีย่วขอ้งสมัพนัธก์นั 
ตวัช้ีวดั  
 ว๕.๑ ม.๔-๖/๑, ว๕.๑ ม.๔-๖/๒, ว๕.๑ ม.๔-๖/๓ 
 ว๘.๑ ม.๔-๖/๑-๑๒ 
ผลการเรียนรู้ท่ีคาดหวงั 

1. อธบิายความสมัพนัธร์ะหว่างความถีธ่รรมชาตแิละการสัน่พอ้งของเสยีงได้ 
2. ยกตวัอยา่งเหตุการณ์หรอืปรากฏการณ์ทีเ่กี่ยวของกบัความถี่ธรรมชาตแิละการสัน่พอ้งของ

เสยีงได ้

3. อธบิายความถีธ่รรมชาตแิละการสัน่พอ้งของเสยีงในเครือ่งดนตรไีทยได้ 

4. ท างานแบบรว่มมอืรว่มใจรว่มคดิได้ 
สาระส าคญั 

ความถี่ธรรมชาต ิ(Natural Frequency) หมายถงึ ความถี่ในการสัน่หรอืแกว่งของวตัถุทีส่ ัน่
หรอืแกว่งอย่างอสิระ เป็นสมบตัเิฉพาะตวั โดยวตัถุส่วนใหญ่มกัจะมคีวามถี่ธรรมชาตไิด้หลายค่า 
ค่าความถีโ่ดยทัว่ไปจะขึน้อยูก่บัอตัราเรว็และความยาวคลื่น การเปลีย่นแปลงของอตัราเรว็และความ
ยาวคลื่นจะส่งผลต่อความถีธ่รรมชาต ิ

การสัน่พ้องของเสยีง หรอื เรโซแนนซ์ (Resonance) เป็นปรากฏการณ์ที่มแีรงกระท าให้
วตัถุสัน่หรอืแกว่ง โดยความถี่ของแรงทีท่ าใหว้ตัถุสัน่หรอืแกว่งเท่ากบัความถี่ธรรมชาตขิองวตัถุนัน้ 
ในกรณีที่เกดิการสัน่พ้องนี้การสัน่ของวตัถุจะมแีอมพลจิดูของการสัน่มากทีสุ่ดเมื่อเทยีบกบัการสัน่
ดว้ยความถีอ่ื่น ๆ 
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กิจกรรมการเรียนรู้ (เวลา 2 ชัว่โมง) 

1. การสร้างความสนใจ (Engagement) 
1.1 นักเรยีนดูวดิทีศัน์เกี่ยวกบัการถล่มของของสะพาน Tacoma Bridge ทีร่ฐัวอชงิตนั และ

การถล่มของ Minneapolis Bridge ทีร่ฐั Minnesota ประเทศสหรฐัอเมรกิา จากนัน้ให้
นกัเรยีนวเิคราะหห์าสาเหตุของการถล่มของสะพานทัง้สอง 

 ทีม่า : Tacoma Bridge collapsed  
 http://www.youtube.com/watch?v=j-zczJXSxnw&feature=related  
 ทีม่า : Minneapolis Bridge collapsed 
 http://www.youtube.com/watch?v=QD20rCe_UAw&feature=related  
 http://www.youtube.com/watch?v=C31IlOHNzbM&feature=related  
 http://www.youtube.com/watch?v=LUulELs-Bmw&feature=related  

 (สะพานพงัลงดว้ยแรงลมทีม่คีวามถีเ่ท่ากบัความถีธ่รรมชาตขิองสะพาน) 
1.2 นกัเรยีนดูวดิโีอเรื่อง Sound: Resonance cart เพื่อเป็นการสาธติใหน้ักเรยีนเหน็ว่าเมื่อ

รถสัน่ด้วยความถี่เท่ากบัความถี่ธรรมชาดขิองแท่งพลาสตกิแท่งใด  แท่งพลาสตกิแท่ง
นัน้จะเกดิการเคลื่อนทีอ่ย่างรุนแรงและเป็นสาเหตุใหส้ิง่ก่อสรา้งขนาดใหญ่สามารถถล่ม
พงัลงมาได ้

 ทีม่า : http://www.youtube.com/watch?v=q7Jh0zu8xUY  
2. การส ารวจและค้นหา (Exploration) 
2.1 ตวัแทนนักเรยีนชาย 1 คนและนักเรยีนหญงิหนึ่งคนออกมาท าการสาธติ กจิกรรม เรื่อง 

เมื่อสองเราเท่ากนั เพื่อสงัเกตการสัน่ของแท่งลวดที่ความยาวต่าง ๆ กนั ที่ปลายของ
เส้นลวดมลีูกปิงปองที่ภายในบรรจุดนิน ้ามนัเพื่อเพิม่น ้าหนักในการสัน่ โดยอุปกรณ์มี
ลกัษณะดงัรปู 

 

http://www.youtube.com/watch?v=j-zczJXSxnw&feature=related
http://www.youtube.com/watch?v=QD20rCe_UAw&feature=related
http://www.youtube.com/watch?v=C31IlOHNzbM&feature=related
http://www.youtube.com/watch?v=LUulELs-Bmw&feature=related
http://www.youtube.com/watch?v=q7Jh0zu8xUY
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2.2 นกัเรยีนท ากจิกรรมเรือ่ง เมือ่สองเราเท่ากนั โดยจากการสาธติของเพื่อนนักเรยีนทัง้สอง 
จากนัน้ร่วมกนัอภปิรายผลการทดลองภายในกลุ่ม ท าการบนัทกึผลการทดลองพรอ้ม
สรปุผล   

3. การอธิบาย (Explanation) 
3.1 นักเรยีนอธิบายการสัน่ของลวดที่มลีูกปิงปองอยู่ด้านบน โดยสามารถอธิบายได้จาก

ค าถามในใบบนัทกึผลการทดลอง ไดแ้ก่ 
- เมื่อนักเรยีนชายท าการทดลองผลักลวดเส้นที่ยาวที่สุดให้เคลื่อนที่จากทางฝ ัง่ขวา 

นักเรยีนคดิว่าจะเกดิอะไรขึน้ (ลวดที่เหลอืเกดิการสัน่ โดยที่ลวดอกีเส้นที่มคีวามยาว
เท่ากนัสัน่ทีแ่อมพลจิดูใกลเ้คยีงกนัมากทีสุ่ด) 

- เมือ่นกัเรยีนหญงิผลกัลวดเสน้ทีย่าวปานกลาง นกัเรยีนคดิว่าจะเกดิอะไรขึน้ อธบิายการ
สัน่ของลวดทัง้สองฝ ัง่ (ลวดทีเ่หลอืเกดิการสัน่ โดยทีล่วดอกีเสน้ทีม่คีวามยาวเท่ากนัสัน่
ทีแ่อมพลจิดูใกลเ้คยีงกนัมากทีสุ่ด) 

3.2 ครแูละนักเรยีนอภปิรายร่วมกนั เนื่องจากเสยีงเกดิจากการสัน่สะเทอืนของวตัถุ เหตุใด
เมือ่สัน่ลวดเสน้ทีย่าวดา้นหนึ่ง ลวดเสน้ทีย่าวเท่ากนัอกีดา้นหนึ่งถงึสัน่ดว้ย นักเรยีนคดิ
ว่าอะไรมผีลต่อการสัน่บา้ง (เนื่องจากการสัน่ครัง้นี้มอีตัรเรว็ของเสยีงในอากาศเท่ากนั 
และความยาวของลวดเท่ากนั ซึ่งหมายถงึมรีะยะทางให้เสยีงเคลื่อนที่เท่ากนั เสยีงที่
เกดิขึน้ในเส่นลวดมคีวามยาวคลื่นเท่ากนั จงึท าให้ลวดทัง้สองสัน่ด้วยความถี่เท่ากนั 
และหากความถี่ทีส่ ัน่เท่ากบัความถี่ธรรมชาตขิองเสน้ลวด จะท าใหเ้สน้ลวดสัน่ดว้ยแอม
ปลจิดูสงูสุดและรนุแรงทีสุ่ด)  

4. การขยายความรู้ (Elaboration) 
4.1 ยกตวัอยา่งเครือ่งดนตรไีทย ไดแ้ก่ ขลุ่ยไทย โดยใหน้ักเรยีนสองคนออกมาเป่าขลุ่ยสอง

เลาพรอ้มกนั โดยทัง้คู่เปา่โดยไมก่ดทีร่บูงัคบัเสยีงเลย จากนัน้ไล่จากเสยีง โด เร ม ี 
4.2 ครูกับนักเรียน ร่วมกันอภิปรายว่าเหตุใดขลุ่ยทัง้สองเลา จึงให้เสียงของตัวโน้ต

เหมอืนกนั (เพราะเสียงมรีะยะในการเดนิทางเท่ากัน เสียงที่เกิดขึ้นมคีวามยาวคลื่น
เท่ากนั ส่งผลใหม้คีวามถีเ่ท่ากนั ท าใหเ้ราไดย้นิเสยีงโน้ตเดยีวกนั)  

4.3 นกัเรยีนเปล่าขลุ่ย คนแรกปิดทีร่บูงัคบัเสยีงทัง้หมด ใหเ้สยีง โด คนทีส่องเป่าโดยทีเ่ปิด
รบูงัเสยีงรสูุดทา้ย ใหเ้สยีง เร  

4.4 ครูกบันักเรยีน ร่วมกนัอภปิรายว่าเหตุใดขลุ่ยทัง้สองเลา จงึให้เสยีงของตวัโน้ตต่างกนั 
(เพราะเสยีงมรีะยะในการเดนิทางไม่เท่ากนั เสยีงที่เกิดขึ้นมคีวามยาวคลื่นไม่เท่ากนั 
ส่งผลใหม้คีวามถีไ่มเ่ท่ากนั ท าใหเ้ราไดย้นิเสยีงโน้ตต่างกนั)  

5. การประเมินผล (Evaluation) 
5.1 ครสูงัเกตการมสี่วนรว่มในชัน้เรยีนของนักเรยีนโดยภาพรวม เช่น การซกัถาม การตอบ

ค าถาม การรว่มท ากจิกรรมและการอภปิราย  โดยการท าบนัทกึหลงัการสอน 
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5.2 ครตูรวจใหค้ะแนนจากคู่มอืนกัเรยีน 

ส่ือ อปุกรณ์ และแหล่งการเรียนรู้  
1. คลปิวดีโิอ  

2. ใบบนัทกึผลกจิกรรม เรือ่ง เมือ่สองเราเท่ากนั 
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กิจกรรมเรื่อง เมื่อสองเราเท่ากนั 
ค าถาม  

- เมื่อนักเรยีนชายท าการทดลองผลักลวดเส้นที่ยาวที่สุดให้เคลื่อนที่จากทางฝ ัง่ขวา 
นกัเรยีนคดิว่าจะเกดิอะไรขึน้  

- เมือ่นกัเรยีนหญงิผลกัลวดเสน้ทีย่าวปานกลาง นกัเรยีนคดิว่าจะเกดิอะไรขึน้ อธบิายการ
สัน่ของลวดทัง้สองฝ ัง่ 

อปุกรณ์การทดลอง 
1. ฐานส าหรบัเสยีบเสน้ลวด 

2. เสน้ลวดความยาวต่างกนั 3 ขนาด อยา่งละ 2 เสน้ 

3. ลกูปิงปอง 6 ลกู 
4. ดนิน ้ามนั  

วิธีทดลอง จดัอุปกรณ์ดงัรปู 

 
 

1. น าลกูปิงปองบรรจดุนิน ้ามนัดา้นในเพื่อใหล้กูปิงปองมนี ้าหนกัเท่ากนัทัง้ 6 ลกู 

2. เสยีบลูกปิงปองแต่ละลูกไวท้ี่ปลายลวดทัง้ 6 เส้น น าลวดทัง้ 6 เสยีบลงบนฐาน ให้มี

ระยะห่างเท่า ๆ กนัดงัรปู  

3. ท าการผลกัใหล้วดเสน้ทีย่าวทีสุ่ดจากฝงัหน่ึงเคลื่อนที ่สงัเกตการเคลื่อนทีข่องลวดอกีฝ ัง่
หนึ่ง บนัทกึผล ท าเช่นเดยีวกบัลวดเสน้ทีย่าวปานกลางและสัน้ ตามล าดบั  
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บนัทึกผลกิจกรรม 

1. ลกัษณะการเคลื่อนทีข่องเสน้ลวด  
การทดลอง สิง่ทีส่งัเกตได ้
ผลกัให้ลวดเส้นที่ยาวที่สุดจาก
ฝงัหน่ึงเคลื่อนที ่

 
 
 
 

ผลกัใหล้วดเสน้ทีย่าวปานกลาง
จากฝงัหน่ึงเคลื่อนที ่

 
 
 
 

ผลกัใหล้วดเสน้ทีส่ ัน้ทีสุ่ดจากฝงั
หนึ่งเคลื่อนที ่

 
 
 
 

 
2. เมือ่ท าการสัน่ทีฐ่านของลวด ลกัษณะการเคลื่อนทีข่องเสน้ลวดทัง้ 6 เป็นอยา่งไร 

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

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

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

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

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

.............................................................................................................................................. 
3. นกัเรยีนคดิว่าอะไรมผีลต่อการสัน่ของลวดทัง้สองฝ ัง่บา้ง 

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

............................................................................................................................................... 
4. นกัเรยีนจะสรปุผลการทดลองนี้ไดว้่าอยา่งไร 

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

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

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

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

............................................................................................................................................... 
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แบบบนัทึกหลงัการสอน (Teaching Log) 
วิชาท่ีสอน.....................................................................ปีการศึกษา..................... 

วนัท่ีสอน.........../........./............. 
 

บนัทึกส่ิงท่ีพบ/เกิดขึ้นระหว่างการเรียนการสอน บนัทึกแนวทางการพฒันาในการสอนต่อไป 
ขอ้ด ีขอ้จ ากดั ปญัหา ระหว่างการเรยีนการสอนดา้น

เนื้อหา วธิกีารสอน หรอืผูส้อน 
สิง่ทีค่วรปรบัปรงุ 
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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 
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The gathered data from the study 
- The pretest and posttest scores of students’ understanding in science of 

sound concept 
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- The pre and post scores of students’ scientific creativity 

 
- 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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